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World sugar deficit
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in 2020/21
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Introduction

The most-active March raw sugar futures contract
in New York rose to 13.57 cents per pound during
the third week in September, the highest level for
a most-active raw sugar contract since the early
days of March. The market is currently defying
ample sugar availability from Brazil’s record 2020
sugar crop that will likely come to an end by midNovember. A recent weakening of the Brazilian
currency, which is raising returns in local currency
from dollar-denominated sugar sales, is also
usually bearish for sugar prices and good monsoon
rainfall in India will likely lead to a massive rise
in sugar output in the Asian country, which is
raising the need for another major sugar export
program. The only bullish fundamental factors in
the market are currently prospects for rather poor
production in the European Union and Russia in
the upcoming beet campaigns. But despite the
recovery from the coronavirus-induced meltdown
that had taken prices as low as 9.05 cents in late
April, the No. 11 market is still significantly lower
than the two-year high of 15.90 cents touched in

mid-February ahead of the coronavirus pandemic.
White sugar prices have been more volatile in
recent months but a rally to US$398.50 a tonne
in mid-June could not be sustained with prices
currently trading around US$370 per tonne, which
is still comfortably above a 7-1/2-month low of
US$315.60 per tonne hit in late April.
It is against this background that this update of
the world sugar balance for 2020/21 (Oct/Sep) is
presented. We would like to recall that F.O. Licht
does not include the sugar equivalent of beet and
cane that were not processed into the end product
crystal sugar (such as those used for fuel ethanol
or biogas) in its sugar production estimates,
which differs from the approach used by some
sugar associations and official EU statistics.
All production figures are in raw value terms,
which can be converted to white value terms by
multiplying by 0.92.
Whenever we release a new forecast we
clearly point out that our World Sugar Production
forecasts are based on national crop years, while
each country's numbers are recalculated to a

Figure 1: World sugar balance

Source: Licht Interactive Data
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uniform time period (in our case Oct/Sep) for
the purpose of this World Sugar Balance (figure
1) forecast - the precondition for the calculation
of the change in stocks (i.e. the surplus/deficit)
during a given year. While this may sound boring
for expert readers it is still imperative to do this as
anecdotal evidence suggests that the numbers are
still mixed up from time to time.
Current indications are that global production
in 2020/21 (October/September) may rise by 4.9
million tonnes to 183.4 million tonnes. This is
practically unchanged from the August projection.
The sugar production estimate for 2019/20 has
been raised a little to 178.5 million tonnes from
178.1 million previously, mainly because of
the better production outlook for Brazil's CS in
the current 2020 crush of which the better part
(everything produced up to 30 September, 2020)
falls into the 2019/20 (October/September) sugar
year (tables 1 and 2).
Apparent consumption in 2019/20 has been
reduced by a further 0.2 million tonnes since
August to 181.1 million due to the adverse
effects from COVID-19, with 1.7% growth
projected for 2020/21. The downward revision
for this season means that there will be the first
outright contraction in global sugar demand since
1980/81, and the decline is seen at 1.8 million
tonnes (table 3).
These changes mean that the deficit for the
2019/20 season coming to an end these days is
currently seen at 5.6 million tonnes, which is
down from as much as 11.1 million in February.
The deficit projection for 2020/21 is 1.7 million
tonnes, down from 2.4 million in August.
That includes an allowance for unrecorded
disappearance (the difference between world
exports and imports) of 0.8 million tonnes in
2020/21.

A reduction by 0.9 million tonnes to 45.8
million could be on the cards for South America
in 2020/21 as the prospect of a lower cane crush
and reduced sugar content of the cane in the next
2021 crush may lead to a drop in output in Brazil.
Given that most (March-September) of the 2020
crush falls into the 2019/20 sugar balance year the
sharp increase in output in recent months has been
the key reason for the sharp drop of the 2019/20
world sugar deficit rather than having an effect on
the 2020/21 deficit.
Sugar production in Europe is projected to

Asia to lead the growth in global
production in 2020/21

2015/16

174,170

2016/17

179,629

2017/18

194,210

Overall, the sharpest increase in output in 2020/21
is seen in Asia where sugar production is projected
to rise by 6.0 million tonnes to 69.2 million as a
sharp recovery in India is seen more than offsetting
a further reduction in Thailand (table 4).

Table 1: World sugar balance October/September (1,000 tonnes,
raw value)
Sugar

2020/21

2019/20

2018/19

2017/18

2016/17

Opening stocks

73,327.1

78,929.7

78,877.4

69,206.9

71,279.4

183,432.8

178,482.9

184,657.7

68,409.8

70,105.3

65,187.9

Production
Imports
Consumption

194,210.1 179,628.9
69,692.4

70,503.3

182,949.8 182,593.6

180,194.8

184,271.8

181,138.1

Exports

69,254.8

73,052.7

66,843.5

71,638.4

72,009.9

Ending stocks

71,643.1

73,327.1

78,929.7

78,877.4

69,206.9

+/-Production

4,949.9

-6,174.8

-9,552.4

14,581.2

5,458.5

2.77

-3.34

-4.92

8.12

3.13

3,133.7

-1,811.7

356.2

2,398.8

578.0

1.73

-0.99

0.20

1.33

0.32

38.88

40.48

43.14

43.20

38.41

-1,684.0

-5,602.6

52.3

9,670.5

-2,072.5

+/-%
+/-Consumption
+/-%
Stocks in % of consumption
Global surplus/deficit

Note: May not add due to roundings; consumption excluding unrecorded disappearance

©2020 IHS Markit

Table 3: World Production, Consumption and Stocks of
Centrifugal Sugar October/September (1,000 tonnes, raw value)
Year

World
production

World
consumption*

Ending
stocks

Stocks as %
of consumption

2011/12

174,356

168,100

63,964

38.05

2012/13

184,176

171,673

74,234

43.24

2013/14

181,509

175,948

78,851

44.82

2014/15

180,642

178,684

80,202

44.89

179,617

71,279

39.68

180,195

69,207

38.41

182,594

78,877

43.20

2018/19

184,658

182,950

78,930

43.14

2019/20

178,483

181,138

73,327

40.48

2020/21

183,433

184,272

71,643

*Excluding unrecorded disappearance

38.88
©2020 IHS Markit

Table 2: Quarterly world sugar balance (1,000 tonnes, raw value)
October/December
Opening stocks
Output
Imports
Consumption *
Exports
Ending stocks
* Residual of the balance

2020

2019

73,327
63,352
17,469
45,498
16,541
92,109

78,930
62,359
17,659
44,847
16,980
97,121

2018

January/March
2021

2020

78,877
92,109
97,121
63,454 59,909 54,444
17,698
15,830
15,632
45,295
44,413 43,834
17,531
17,141 16,964
97,203 106,293 106,399

April/June
2019
2021
2020
2019
97,203 106,293 106,399 116,628
64,759 28,626 28,994
27,347
14,311
16,570
17,644
15,611
44,181
45,780
44,729 45,304
15,464
16,393
19,302
16,775
116,628
89,316 89,007
97,507

July/September
2021
2020
2019
89,316 89,007
97,507
31,546 32,685 29,098
18,541
19,170
17,568
48,580
47,728
48,171
19,179
19,808
17,073
71,643
73,327 78,930
©2020 IHS Markit
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Table 4: World Sugar Production by Regions October/September (1,000
tonnes, raw value)
Sugar

2020/21

2019/20

2018/19

2017/18

2016/17

15,878

16,332

16,663

20,002

16,519
30,886

EU
Europe

29,016

31,445

30,317

35,244

Africa

12,453

12,034

11,952

11,872

11,078

N. & C. America

22,286

20,460

23,000

22,441

22,605

South America

45,777

46,698

37,148

40,850

50,042

Asia

69,197

63,192

77,490

78,827

60,107

4,704

4,655

4,751

4,977

4,911

183,433

178,483

184,658

194,210

Oceania
Total
Note: May not add due to roundings

drop by 2.4 million tonnes to 29.0 million in
2020/21 due to a fall in production both in Russia
as well as the European Union.
Sugar production in North & Central America
could rise by 1.8 million tonnes to 22.3 million
mainly due to an expected recovery in the United
States (and to a smaller extent also in Mexico)
where poor weather led to a strong drop in output
this season. Sugar production in Africa may
rise by 0.4 million tonnes to 12.5 million tonnes
mainly due to larger output in top producer Egypt.
Oceania's sugar production could reach 4.7 million
tonnes next season, the same as this year.

Europe

European sugar production may fall to 29.0 million
tonnes in 2020/21 from 31.4 million in 2019/20
largely due to a sharp drop in Russian output.
Sugar production in the European Union
is headed for a further reduction in 2020/21
and may reach only 15.9 million tonnes, down
from 16.3 million a year ago and the lowest
level in five years. The main topic this year is
the expectation of unprecedented yield losses
in France, which has been hit heavily by the
beet yellowing virus. The acreage under beet
cultivation is also 2.5% smaller than last year,
mainly as a result of factory closures in France
and Germany after the past campaign.
Russian farmers reduced the acreage under
beet by 18.5% to 934,000 ha this year, according
to the Russian Sugar Producers Union. Processing
in Russia is already underway but the start of
the campaign is rather slow due to poor yield
expectations. With about a fifth of the harvest
complete the beet yield is about 18% lower than
last year and the sugar extraction rate is also
worse. That said, sugar output may reach only
about 6.2 million tonnes, or 2.0 million less than
a year ago.
Turkey’s sugar production rose to 2.8 million
tonnes in 2019/20 from 2.5 million a year earlier
due to a recovery of the beet acreage after a
sharp drop in 2018/19. For the time being, sugar
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production is assumed to rise further to nearly
3.0 million tonnes in 2020/21 as warm weather
during June and July enabled the beets to catch
up an early development delay with the total beet
crop now estimated to reach 20 million, up from
18 million.

Africa

African sugar production is expected to rise by
0.4 million tonnes to 12.5 million in 2020/21.
Output in top producer Egypt may rise to 2.7
million tonnes after a poor crop last year. Egypt
grows both cane and beet with the projected
increase exclusively due to larger beet sugar
output. The Ministry of Agriculture expects the
acreage under sugar beet cultivation to rise to
about 650,000 feddans (1 feddan=0.42 ha) from
520,000 this season.
The anticipated increase in beet acreage was
attributed to the weak yields of wheat and beans,
the main competitors of beets. Also, beet sowing
at Canal Sugar will reportedly start in late
October for the 2021 harvest, but whether
everything goes according to plan remains to
be seen. The acreage under beet fell to 520,000
feddans for the 2019/20 crop from 590,000
feddans the year before as farmers were reluctant
to sow beets after the beet price remained stable at
EGP500 per tonne.
Sugar output in South Africa, the continent’s
second-largest producer, is estimated to stay
flat at 2.4 million tonnes. Improved cane yields
from the use of improved varieties are seen
aiding output, which is expected to offset the
switch to more profitable crops by some growers
who feel the pinch from a drop in demand and
escalating input costs such as fertilisers, labour
and electricity.

North & Central America

Sugar production in North & Central America
is estimated to rise by 1.8 million tonnes to 22.3
million in 2020/21. The largest producer is the US
followed by Mexico and Guatemala.

World sugar deficit shrinks to 1.7 million t in 2020/21

South America

South American sugar production is estimated to
reach 45.8 million tonnes (up from 45.5 million
assumed in August) tonnes in 2020/21, down from
46.7 million this season.
Brazil's 2020/21 balance year production
cuts through two Centre/South (CS) campaigns.
It includes the tail end of the current 2020 crush
just (everything produced from 1 October 2020
to the end of crushing operations in the CS) and
the better part of the next 2021 crush (everything
produced up to 30 September, 2021).
Sugar production in 2020/21 on an Oct/
Sep basis will therefore very much depend on
the first half of the local 2021 crush, which is
difficult to predict at this point. Our forecast
assumes that Brazil's total sugar production in
the local 2021/22 crush (including the CS and
NNE regions) will fall back to 39.0 million
tonnes (raw value) as this season’s excessive

dryness is seen leading to a lower cane yield in
2021 as well as poor cane quality.
If realized, this would follow a surge in sugar
output to an estimated 42.5 million tonnes raw
value (1.0 million more than was assumed in
August) in the local 2020/21 (April/March) crop
year from 31.0 million in 2019/20. Among the
main assumptions is that Brazil's 2020 Centre/
South cane crush will reach about 608 million
tonnes (8 million more than assumed in August).
Following further excellent values over the past
month, the ATR level is now seen reaching 140.7
kg per tonne of cane in the 2020 crush, whereas
we previously expected it to be hardly changed
at 139 kg from 138.7 last year. With the sugar
allocation still seen at 46% for the entire season,
this may lead to the production of about 37.5
million tonnes of sugar, tel quel, up from 36.6
million estimated last month.
The distribution of Brazil's production in crop
years 2020 and 2021 between the sugar years on
the basis of historical patterns leads to a drop in
sugar production to 38.4 million tonnes in 2020/21
(October/September) from 39.5 million.
Colombia's sugar production is projected
to rise slightly to nearly 2.4 million tonnes,
while Argentina is estimated to produce
roughly the same quantity of sugar as this year
(1.9 million tonnes).

angkhan I Getty images

US sugar production is forecast to recover to
8.4 million tonnes in 2020/21 after diving to 7.2
million in 2019/20 due to bad weather. Beet sugar
production is forecast to rise by 0.9 million tonnes
to 4.7 million in the new season, while cane sugar
production is seen rising to 3.7 million tonnes
from 3.4 million.
The last sugar mill in Mexico concluded
crushing operations for the 2019/20 season on
July 17, more than eight months after the start at
the first mill on November 7. Sugar production
dropped to 5.4 million tonnes from 6.4 million
a year ago on account of both a drop of the cane
yield to the lowest level since 1975/76 and a poor
sugar extraction rate. Better climatic conditions
are seen leading to a modest recovery to 5.8
million tonnes in 2020/21 even though low use
of inputs due to poor cane economics are seen
preventing a full recovery.
Sugar production in Guatemala is currently
seen recovering modestly to 3.0 million tonnes
after output fell sharply in the 2019/20 season when
limited farm renovations and poor weather led to
lower cane yields and a lower sugar extraction
rate. Area under the crop was also down 1.9% in
2019/20 and the cane crush therefore fell to 26.1
million tonnes from 27.5 million in 2018/19.
Cuba's sugar output may recover only
fractionally to 1.3 million tonnes in 2020/21 from
an estimated 1.2 million in 2019/20, one of the
lowest annual amounts in more than a century.
Recovery of production has not been helped by
stepped-up sanctions under the administration of
U.S. President Donald Trump and the coronavirus
pandemic has brought more hardship to the
country as it has shuttered tourism, a key foreign
exchange earner.

Asia

Asian sugar production is seen rising to 69.2
million tonnes in 2020/21 from 63.2 million
this season.
India is expected to see a significant recovery
in production in 2020/21 as ample rainfall in the
past 2019 monsoon season facilitated a recovery
in cane planting in the key sugarcane states
of Maharashtra and Karnataka. There is some
concern over potential delays in the harvest as
millions of migrant workers needed for the harvest
may be scared to travel as coronavirus infections
surge throughout the country. On the other hand,
cane yield forecasts for the new harvest are
promising thanks to good monsoon rainfall this
year. India has received 7% above average rains
since June 1, when the monsoon arrived on the
southernmost Kerala coast. The other important
feature of this year’s monsoon is that the rainfall
has been very well distributed across the country.
All in all, we still pencil in sugar production to
rise by 4.9 million tonnes to 34.5 million (31.7
million white value) in 2020/21.
Thailand's sugar production in 2019/20 fell
to 8.4 million tonnes (8.27 million tel quel) from
14.7 million a year ago due to a combination of
a sharp drop in area under cultivation and very
poor yields following drought. Following last

internationalsugarjournal.com
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year’s drop of the cane crush to just below 75
million tonnes from 131 million in 2018/19, we
currently assume the crush to fall a little further to
70 million tonnes, which could yield 8.0 million of
sugar (unchanged from our previous forecast).
China's sugar production may rise to 11.6
million tonnes in 2020/21 from 11.3 million
this season on the assumption of better weather
conditions in both Guangxi and Yunnan – China’s
two largest cane sugar producing regions following drought in the autumn of 2019.
Pakistan's sugar production is projected to
rise somewhat as the 2019/20 season brought
the first cane price increase in five years. This is
believed to have triggered a rise in area under cane
cultivation by 5-6%. If this proves true and the
weather is normal, sugar output may rise to 5.8
million tonnes from a downwardly revised
5.3 million in 2019/20.

Oceania

Sugar production in Oceania is estimated at 4.7
million tonnes in 2020/21, up only fractionally
from this season.
Australia's sugar production in 2020/21

Table 5: Sugar balance – Developing countries October/
September (1,000 tonnes, raw value)
2011/12

Opening
stocks

Production

Imports

Consumption

Exports

Ending
stocks

43,848

131,647

41,741

121,688

47,631

47,917
55,827

2012/13

47,917

141,540

45,736

124,564

54,801

2013/14

55,827

141,403

44,868

128,504

52,450

61,144

2014/15

61,144

137,096

46,120

131,459

52,044

60,856

2015/16

60,856

134,671

52,324

132,983

60,949

53,920

2016/17

53,920

135,731

53,324

133,636

58,135

51,204
59,995

2017/18

51,204

145,355

52,642

135,552

53,654

2018/19

59,995

140,887

48,318

136,918

51,751

60,532

2019/20

60,532

134,874

52,905

135,602

58,720

53,988

2020/21

53,988

141,114

52,587

138,685

55,210

53,794

Note: May not add due to roundings

©2020 IHS Markit

Table 6: Sugar balance – Industrialised countries October/
September (1,000 tonnes, raw value)
Opening
stocks

Production

Imports

Consumption

Exports

Ending
stocks

2011/12

13,510

42,708

18,928

46,412

12,687

16,047

2012/13

16,047

42,636

18,825

47,109

11,992

18,407

2013/14

18,407

40,106

18,821

47,444

12,182

17,707

2014/15

17,707

43,546

18,340

47,224

13,023

19,346

2015/16

19,346

39,500

18,160

46,634

13,012

17,360

2016/17

17,360

43,898

17,179

46,559

13,875

18,003

2017/18

18,003

48,855

17,050

47,042

17,984

18,882

2018/19

18,882

43,770

16,870

46,032

15,092

18,398

2019/20

18,398

43,609

17,200

45,536

14,333

19,339

2020/21

19,339

42,319

15,823

45,586

14,045

17,849

Note: May not add due to roundings
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(October/September) is forecast to reach 4.5 million
tonnes, up a bit from 4.4 million in 2019/20.
The estimate for 2020/21 includes the tail end
of the current 2020 crush and the better part of
the 2021 crush. The 2020 cane crush got off to
a late and slow start in June due to wet weather,
which also adversely affected crushing operations
until the second half of August when the mills
reached full capacity. Total crushing is projected
to rise to 30.9 million tonnes this season from
just 30.0 million a year ago. Yet, the sugar
content is down considerably so far this season
and the gap will not be closed by the end of the
season. Australia’s sugar production in 2020 is
therefore projected to be hardly changed, while it
could rise somewhat in 2021.

Sugar production in developing
countries to rise strongly

Sugar production in developing countries
is projected to surge by 6.2 million tonnes
to 141.1 million tonnes next season as larger
output in Brazil and India is seen offsetting a
further reduction in Thailand. In contrast, sugar
production in industrialised countries is seen
falling 1.3 million tonnes to 42.3 million in
2020/21, largely due to the expected strong
reduction in Europe (tables 5 and 6).
Sugar production in importing countries is
expected to rise sharply to 94.1 million tonnes
from 87.8 million a year ago. Yet, this would still
be significantly below the record 99.3 million
tonnes produced in 2017/18. Sugar production
in exporting countries may fall slightly to 89.3
million tonnes from 90.6 million a year earlier.
The drop is mainly due to the expected reduction
in Brazil in the 2021 crush as well as a further
reduction in Thailand (tables 7 and 8).

World sugar consumption to fall
for first time since 1980

Around the globe, sporting events, concerts,
conferences and exhibitions have been cancelled,
movie theatres and restaurants have been closed,
and people are working from home. It was
evident from the beginning of the coronavirus
pandemic that the lockdown of such facilities and
cancellation of events will lead to lower offtake
by the industrial sector. At the same time it is
clear that people who are forced to stay at home
will not stop taking in sugar and will consume
more within their own walls. The key question
therefore is by how much this shift in the point of
consumption will affect overall sugar offtake. As
is always the problem with consumption, there
are only little to hardly any hard data available on
this, so conclusions have to be drawn from related
information such as sales data published by drinks

World sugar deficit shrinks to 1.7 million t in 2020/21

producers etc. What’s more, a look at such data
can lead to wrong conclusions as poor quarterly
sales at one drinks producer, for example, do
not necessarily need to reflect the impact from
COVID-19 but can also be caused by a loss in
market share to a competitor or be the reflection
of a general change in drinks consumption
patterns (figure 2).
At the end of the day, only time will tell the
real effect on consumption from COVID-19.
To be clear, there is no hard data on this and
any numbers that are being talked about in the
market are nothing but guesstimates. We think
that global sugar consumption will not collapse as
people do not stop eating and drinking in the end,
irrespective of whether they are forced to stay
at home or are allowed to move around. The
import numbers of most countries also do not
speak in favour of a major drop in demand for the
time being.
COVID-19 aside, sugar consumption
continues to be adversely affected by the ongoing
reformulation of drinks by beverage producers
in countries which have already introduced
taxes on sugar-sweetened beverages or are in
the process to do so.
Following a country-by-country review, we
currently expect global sugar consumption to
reach 181.1 million tonnes in 2019/20, which is
0.1 million less than last month and 4.3 million
less than in January. This is also 1.8 million tonnes
below the count in 2018/19, implying the first
year-over-year contraction in demand since 1980
when raw sugar prices hit 45 c/lb. For 2020/21
we currently assume 1.7% growth in global
consumption to 184.3 million tonnes.

Asian sugar consumption to reach
record 88.9 million t

Region-wise, Asian sugar consumption in
2020/21 is expected to rise to a record 88.7 million
tonnes, up from 86.1 million the year before. This
mainly reflects the growth expected for India.
Consumption in the world's largest sugar consumer
is seen recovering to 28.5 million tonnes in
2020/21 after falling to 26.8 million in the current
season from 28.3 million in 2018/19 related to
COVID19. In general, Indian consumption growth
is mainly aided by a rising population with the
annual growth rate put at 1.1%. Similarly, Chinese
sugar consumption is expected to recover to 16.2
million tonnes following a drop to 15.8 million
tonnes this season from nearly 16.3 million in
2018/19 (table 9).
European sugar consumption is seen
fractionally lower in 2020/21 at 30.4 million
tonnes in 2020/21 compared with 30.5 million a
year earlier and 30.6 million in 2018/19. Sugar

consumption in North & Central America may
be fractionally higher at 21.0 million tonnes, while
sugar consumption in South America is projected
to be flat at 19.0 million tonnes, with Brazil being
by far the largest user (11.4 million tonnes). Sugar
consumption in Africa is being driven by high
population growth rates and may reach a record

Table 7: Sugar balance – Importing countries October/
September (1,000 tonnes, raw value)
Opening
stocks

Production

Imports

Consumption

Exports

Ending
stocks

2011/12

30,580

86,500

55,301

123,992

13,557

34,832

2012/13

34,832

89,382

59,226

126,854

13,730

42,856

2013/14

42,856

88,146

58,291

130,739

15,177

43,376

2014/15

43,376

89,933

58,997

133,329

13,888

45,089

2015/16

45,089

84,207

64,292

135,237

17,660

40,690

2016/17

40,690

83,368

64,456

135,921

16,361

36,232

2017/18

36,232

99,311

63,369

137,852

16,916

44,144

2018/19

44,144

96,923

59,322

138,896

17,866

43,626

2019/20

43,626

87,843

64,288

137,251

18,987

39,520

2020/21

39,520

94,099

63,091

140,162

18,396

38,153

Note: May not add due to roundings
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Table 8: Sugar balance – Exporting countries October/
September (1,000 tonnes, raw value)
Opening
stocks

Production

Imports

Consumption

Exports

Ending
stocks

2011/12

26,778

87,856

5,368

44,108

46,762

29,132

2012/13

29,132

94,793

5,335

44,819

53,063

31,378

2013/14

31,378

93,363

5,398

45,209

49,455

35,475

2014/15

35,475

90,710

5,463

45,355

51,180

35,114

2015/16

35,114

89,963

6,193

44,380

56,301

30,589

2016/17

30,589

96,261

6,047

44,274

55,649

32,975

2017/18

32,975

94,900

6,323

44,742

54,722

34,733
35,303

2018/19

34,733

87,735

5,866

44,053

48,977

2019/20

35,303

90,640

5,817

43,887

54,066

33,807

2020/21

33,807

89,334

5,318

44,110

50,859

33,490

Note: May not add due to roundings
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Figure 2: World sugar consumption

Source: Licht Interactive Data
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World sugar deficit shrinks to 1.7 million t in 2020/21

23.5 million tonnes in 2020/21, up by 2.0% from
23.0 million a year ago. Consumption in Oceania,
at around 1.6 million tonnes, is very stable with
practically no year-on-year change. Australia
accounts for the better part of total offtake,
estimated at 1.2 million tonnes.

Sugar consumption in industrialised
countries in reverse gear

Developing countries are seen recording 2.3%
sugar consumption growth in 2020/21 with the
total estimated to reach 138.7 million tonnes - or
about 75% of global demand. Sugar demand in
industrialised countries has been in reverse gear
for years with the total seen hardly changed at 45.6
million tonnes in the new season following a further
reduction this season. The introduction of sugar
taxes as well as general health concerns related
to sugar is a key factor affecting consumption in
this group. This may continue in coming years as
sugar taxes are being under discussion in several
countries. Consumption of this group of countries
peaked at 47.4 million tonnes in 2013/14.
Sugar consumption in importing countries is
forecast to rise by 2.1% in the new season to 140.2
million tonnes, a new all-time high. This reflects
an increase of nearly 10 million tonnes during the
past seven years alone. Sugar offtake in exporting
countries is seen rising only 0.5% to 44.1 million
tonnes. Growth in this group of countries tends
to be lower than in importing countries as ample
availability of the sweetener comes along with
rather high per caput consumption and therefore
limited further growth potential.

Exportable production to be hardly
changed in 2020/21
World exportable production (production minus
consumption) is expected to be hardly changed
at 54.7 million tonnes in 2020/21 compared with
54.6 million in 2019/20. While the projection for
2020/21 is slightly lower than the 55.1 million
tonnes estimated in the previous update in late
June, the estimate for 2019/20 is 1.9 million

Table 9: World sugar consumption by regions October/
September (1,000 tonnes, raw value)
2020/21

2019/20

2018/19

2017/18

EU

16,261

16,314

16,523

17,108

16,531

Europe

30,442

30,474

30,610

31,403

30,802

Africa

23,480

23,019

22,755

22,648

22,129

N. & C. America

21,010

20,916

21,178

21,218

21,139

South America

19,029

19,013

18,902

19,276

19,223

Asia

88,702

86,115

87,866

86,394

85,256

1,609

1,601

1,640

1,655

1,647

184,272

181,138

182,950

182,594

180,195

Oceania
Total

Note: May not add due to roundings
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tonnes higher than before.
Exportable production in the European
Union is expected to fall to 4.3 million tonnes in
2020/21 from this season’s 4.8 million, largely
due to the expected sharp drop in production in
top exporter France. While Germany’s exportable
production will also be reduced, there will be
modest increases in Poland and the Netherlands.
Most of this will be exported within the bloc and
only a small quantity is expected to be exported
to third countries. Russia’s exportable production
is expected to fall to nil in the new season from
1.8 million in 2019/20, but the country could
still export some sugar from stocks accumulated
over the past four years when output exceeded
domestic consumption.
Exportable production from Africa is seen
practically unchanged at 2.5 million tonnes in
2020/21. Export availability on the continent is
curbed by increasing domestic consumption due
to strong population growth. Also, the exportoriented expansion program in Ethiopia is facing
severe delays.
Exportable production in North & Central
America is seen rising to 5.6 million tonnes in
2020/21 from 5.0 million this season. This is
almost exclusively due to the expected rise in
output in Mexico amid flat values for the region’s
top exporter Guatemala.
Exportable production in South America
surged to 29.1 million tonnes in 2019/20 from
19.4 million last season with a small reduction to
28.1million tonnes penciled in for 2020/21. This
is related to an increase to 28.2 million tonnes this
season from 18.5 million for the continent’s top
exporter Brazil. The country’s exportable output is
expected to fall modestly to 27.1 million tonnes in
2020/21 due to the reasons discussed above.
Exportable production in Asia is expected
to recover somewhat to 10.5 million tonnes in
2020/21 from 7.7 million this season, which is
still a far cry from last year’s 18.9 million tonnes
when Thailand had a much bigger crop. The rise
assumed for 2020/21 is based on the expected
recovery in production in India amid a further
drop in Thailand.
It is of key significance that this measure does
not include stocks, which are still massive in India.
Yet, India’s exportable production for 2020/21
will more than double to 6.0 million tonnes, which
means that the country will produce a large surplus
in the new season. However, the local industry
enters 2020/21 with about half a year's domestic
consumption still in warehouses. The country
therefore has lots of sugar to dispose of and India’s
government can be expected to approve a new
program of subsidized exports rather sooner than
later despite strained state finances.

World sugar deficit shrinks to 1.7 million t in 2020/21

Trends in sugar imports continues to be dominated
by raw sugar (figure 3).
Indonesia’s sugar imports show some volatility
over time depending on the timing of the issuance
of sugar import licences. Arrivals surged by nearly
0.6 million tonnes to 5.6 million in 2019/20,
making the country the world’s largest sugar
importer. Domestic consumption is on the rise
due to economic and population growth, while
domestic production has been lingering around
2.3 million tonnes for years due to a lack of
investment. Making matters worse for domestic
millers, the rise in demand is almost exclusively
fueled by growth in the food and beverage
industries, which rely on refined sugar produced
from imported raws instead of domestically
produced plantation white sugar. For 2020/21
we currently assume some sort of a reduction
to 5.1 million tonnes due to this season’s large
import program (when low prices were used to
replenish stocks).
China's sugar imports are seen slightly higher
in 2020/21 at 4.9 million tonnes from 4.6 million
this season as the government has ignored its
own sugar industry’s pleas for protection after
allowing a three-year safeguard tariff on sugar
imports to lapse in May. Now, with the additional
tariff lapsed, import volumes above China’s
annual WTO quota of about 2 million tonnes will
be taxed at 50%, instead of the 85% tariff applied
previously. Brazilian exporters are expected to
take full advantage of the safeguard lapse. The

Union of the Sugarcane Industry (Unica) forecast
exports to China to return to pre-safeguard levels
of 2.5 million tonnes per year, nearly doubling
the 1.3 million tonnes shipped during 2019/20
crop year.
The United States is expected to import
only 2.7 million tonnes of sugar in 2020/21,
down sharply from nearly 3.9 million assumed
for 2019/20. Severe weather damage to the
2019/20 crop has raised the country’s import
needs for the current season and the Secretary
of Agriculture has repeatedly raised the 2019/20
TRQs. It was just last week that the Office of
the US Trade Representative announced that the
latest 2019/20 raw sugar TRQ increase of 90,718
tonnes, raw value, announced September 10 by
the USDA, would go to Brazil (80,000 tonnes)
and to Australia (10,718 tonnes). The sugar will
be allowed to enter the United States through 31
October 2020, one month beyond the September
30 end of the 2019/20 marketing year.
All in all, total Asian sugar imports are
estimated to reach 35.7 million tonnes in
2020/21, practically unchanged from 35.8 million
this season with assumed increases by China,
Bangladesh and the United Arab Emirates (high
white premium has made refining profitable
again) seen offset by reductions in Indonesia,
Iran, India and South Korea among others.
European imports are forecast to come in at
about 9.4 million tonnes (including intra-EUtrade), with African imports estimated to rise
by 0.1 million tonnes to 16.6 million. North &
Central American imports are projected to drop

endopack I Getty images

China’s sugar imports pick up after
lapse of safeguard tariff

Figure 3: World sugar imports

Source: Licht Interactive Data
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to 4.6 million tonnes from 5.7 million due to the
expected reduction in US imports. Sugar imports
into South America are negligible and may reach
1.7 million tonnes in 2020/21, down from 2.0
million in the previous season.

Kosal Hor I Getty images

Global deficits get smaller
and smaller

Table 10: World surplus/deficit stocks (a) (1,000 tonnes, raw value)
Year

Total stocks

Surplus/deficit stocks

In importing
countries

In exporting
countries

2012

63,964

100

-2,306

2,406

2013

74,234

10,426

5,751

4,675

2014

78,851

12,745

6,160

6,585

2015

80,202

14,328

7,324

7,004

2016

71,279

5,720

1,578

4,142

2017

69,207

1,219

-4,388

5,607

2018

78,877

9,967

2,397

7,570

2019

78,930

9,229

1,122

8,107

2020

73,327

4,111

-2,482

6,593

2021

71,643

1,472

-4,699

6,171

(a) at the end of September

Figure 4: World surplus/deficit stocks

Source: Licht Interactive Data
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The stocks-to-use ratio is forecast to drop further
to 38.9% in 2020/21 from 40.5% in the current
season. While this would be the lowest stocksto-use ratio since 2016/17, the market is still
sufficiently supplied as Brazil’s huge rise in output
has kept global exportable production intact
despite the sharp drop in Thailand.
In addition, India will produce a huge exportable
surplus in 2020/21, on top of its heavy stocks,
which in case of a widely expected new program
of subsidized exports should keep the market well
supplied throughout most of 2020/21 (table 10).
The surplus or deficit in a given sugar year
is understood to be the gap between production
and global demand including unrecorded
consumption, with the latter being the gap
between exports and imports (figure 4). A closer
inspection of this approach reveals that the term
surplus or deficit simply means the increase or
decrease in stocks. The expected recovery in
world production in 2020/21 is projected to be
insufficient to return the market to surplus, but
the deficit of 1.7 million tonnes is rather small
and much smaller than the 5.6 million tonnes
of 2019/20.
In addition, there is still uncertainty with regards
to the development of the coronavirus pandemic
in the upcoming northern hemisphere autumn and
winter. The global daily incidence is once again
increasing, driven largely by increasing incidence
in India and multiple countries in Europe, while
North and South America appear to have plateaued
or started to decline. With India’s national trends
suggesting that its epidemic continues to accelerate
it remains to be seen whether a return of stricter
containment measures can be avoided. If not, there
is a risk that the projected recovery of India’s sugar
consumption may not happen.
That said, it cannot be ruled out that the
projected deficit for 2020/21 gets even smaller in
coming months, to say the least. While there is
currently not much reason for raw sugar prices to
move back into single digit territory, it is also
hard to identify reasons why prices should have
further upside potential in the next few months.
The most probable scenario therefore seems to
be a market that is moving sideways with some
beak-outs to both the upside and downside
depending on trends in the wider commodity
and financial markets.

Editorial Comment
The faltering bioeconomy
Well remember attending the European Forum for Industrial
Biotechnology event in Edinburgh in October 2010. The event was
buzzing with hope for the emerging biobased chemicals sector,
despite the perception that it was the neglected stepchild of the
biotech revolution whereby biofuels commanded the larger share
of attention from both the politicians and investors. Progress in
industrial biotechnology advanced the introduction of metabolic
engineering toolbox which promised, via engineered microbes,
the production of complex molecules that are either currently
very difficult, too expensive or simply too expensive to process.
Maive Rute, the then EU’s Director of Industrial Biotechnology,
said at the event that the emerging bioeconomy is set to worth €2
trillion creating opportunities for some 2 million people. Almost
10 years later, the bioeconomy has not made the anticipated
progress but rather faltered. The success of this sector matters to
the sugar industry largely because sugar is the main feedstock in
the production of a range of chemicals via engineered microbes
(see table). As such, it offers companies in the industry a great
opportunity to diversify, particularly since the production of
substitute petrochemicals from the sugar platform represents a low
volume high-value market. The French co-operative Cristal Union
and the Godavari Biorefineries have taken the plunge with a foray
into producing isobutene and a range of chemicals, respectively.
There are two compelling reasons why the many start-ups in the
biotech space have not succeeded. First is that beyond the proof
of concept in a laboratory, the journey to commercial scale has
produced many casualties as conversion technologies succumb in
the “valley of death”. Indeed, more often than not, step-up in scale
involves necessary and significant changes in process technology.
Further, the changes have to be cost-effective too. In their recent
review, Kohli et al1 conclude that “Despite signiﬁcant advances,
however, low yields, complex multistep synthesis processes,
difﬁculties in puriﬁcation, high costs, and the deactivation of
catalysts are still hurdles for large-scale competitive bioreﬁneries”.
Underscoring this is the relative fragility of microbes (bacteria
and fungi) engineered to produce the desired molecule. To put this
into perspective, it is like agricultural trials going from relatively
controlled greenhouse to field. In the latter, crops have to contend
with weeds. The same is true for commercial-scale operations in
biorefineries where wild microbes are a clear challenge and threat
to a process.
With crude oil prices languishing at between US$50 and
US$65 on average over the last five years, the emerging industry
has had a hard time competing with the petrochemicals on a cost
basis. Many of the start-ups came on the scene when the crude
oil price was trading at US$100 or above when economics looked
favourable. Alas most of these have exited the market including
OPXBio, Liquid Light, Metabolix, Terracina (Solazyme), Plaxica,
Segetis, GlycosBio, Coskata, Virent, Cobalt Technologies,
Greencol Taiwan, TMO Renewables, Cereplast, Proterro,
Mascoma, Zeachem and Biomer.

Sugar derived chemicals
Methane
Formic acid

HMF
Citric acid

Acetic acid

Fumaric acid
Malic acid
3-Hydroxybutyric
Propylene glycol
acid
PDO
Acetoin

Glycolic acid

n-butanol

n-pentanol

Farnesene

Lactic acid

Isobutanol

Xylitol

Ethanol

Glycerol
3-HPA

Ferullic acid

Isoprene
Xylonic acid

Other
isoprenoids
Lipids
Fatty alcohols

Levulinic acid

Alkenes

n-hexanol
Sorbitol

Alakanes
PHAs
Isoprenoid
alcohols
Isoprenoid
alkenes

Malonic acid BDO
Propionic acid Buta-1-3-diene
Butane-1,2,4Acetone
triol
n-propanol
Methacrylic acid
Isopropanol
Isobutyric acid
Succinic acid

Butyric acid

Ascorbic acid

Glucaric acid

Glutamic acid

Muconic acid

Itaconic acid

2,5-furan
3-hydroxy
dicarboxylic acid propionic acid

Source: E4Tech 2015

Gallic acid

Aspartic acid
©2020 IHS Markit

Policy interventions have simply been not supportive enough to
prop up the bioeconomy sector. In the USA, federal agencies are
encouraged to purchase biobased products.
Is there an alternative strategy for the fledgling sector to compete
against the established petrochemical sector? In a seminal paper,
Clomurg et al2 suggests that the biobased sector jettison from “the
current model of industrial chemical manufacturing, which employs
large-scale megafacilities that benefit from economies of unit scale”
to one where “you can leverage an ‘economies of unit number’
model, which can be defined as a shift from a small number of highcapacity units or facilities to a large number of units or facilities
operating at a smaller scale. Through increasing the number of units
produced, this model can leverage cost reduction through mass
production in which costs decline as cumulative output increases
because of specialization in the production process and improved
process and product design”.

Arvind Chudasama
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Abstract

The literature continues to increase on the number of proposed improvements to
the performance of milling units, with the aim of achieving high throughput, high pol
extraction, and low moisture final bagasse, with equipment that is reliable, low capital
cost and minimizes energy use. Invariably, the reported testing has been conducted
on equipment installed on large operating milling trains. This has the advantage of
obtaining performance measurements in a real-world situation. However, there are also
some disadvantages, such as the data being affected by other operating factors, and
the need to be conservative in order to not interrupt the process. Recently, there has
also been a focus on the difficulties of milling prospective new cane varieties with ‘soft’
milling characteristics, and those tests on these new cane varieties were also carried
out at factory scale. In contrast, recent work towards improving the understanding of
the fundamental processes involved, and in modelling those processes, has been very
limited, if not non-existent. This paper provides a review of fundamental measurements
and modelling and introduces an option for progressing computer modelling using the
software package LS-DYNA.
Keywords: Milling unit, bagasse, feeding, fundamental measurements, computational modelling,
LS-DYNA
Revisión de las mediciones y modelos fundamentales de molienda, y el camino a seguir *
Resumen La literatura continúa aumentando en el número de mejoras propuestas para el
mejoramiento de las unidades de molienda, con el objetivo de lograr un alto rendimiento, una alta
extracción de pol y una baja humedad del bagazo final, con un equipo confiable, de bajo costo de
capital y que minimiza el uso de energía. Invariablemente, las pruebas informadas se han llevado a
cabo en equipos instalados en grandes trenes industriales de molienda. Esto tiene la ventaja de obtener
mediciones de rendimiento en una situación del mundo real. Sin embargo, también hay algunas
desventajas, como que los datos se ven afectados por otros factores operativos y la necesidad de ser
conservadores para no afectar el proceso. Recientemente, también se ha centrado en las dificultades
de la molienda de posibles nuevas variedades de caña con características de molienda “blandas”, y
esas pruebas en estas nuevas variedades de caña también se llevaron a cabo a escala de fábrica. En
contraste, el trabajo reciente para mejorar la comprensión de los procesos fundamentales involucrados,
y para modelar esos procesos, ha sido muy limitado, si no inexistente. Este documento proporciona
una revisión de las mediciones y el modelado fundamentales e introduce una opción para mejorar el
modelado por computadora utilizando el paquete de software LS-DYNA.
Palabras clave: unidad de molienda, bagazo, alimentación, mediciones fundamentales, modelado
computacional, LS-DYNA
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Review of fundamental milling measurements and modelling, and a way forward*

The detailed understanding of the fundamental
processes of crushing sugar cane in a milling unit
and modelling of these processes has the potential
to improve milling performance. Improved milling
performance will give reduced bagasse moisture,
increased sucrose extraction, lower energy use, and
reduced capital and operating costs.
The economic drivers for improving the
milling process are as strong and may even be
stronger now than when the initial modelling
began in the 1990s due, for example, to potential
cogeneration revenue (Lloyd and Hodgson
2014). Recently, there has also been a focus on
the difficulties of milling prospective new cane
varieties with ‘soft’ milling characteristics, and
those tests were also carried out at factory scale.
For example, Kent et al. (2017) stated that ‘the
yield of the soft cane supplies was measured
to be quite high, those yield benefits need to
be weighed up against the additional factory
processing costs that will be incurred in terms
of capital upgrades and stops’.
Currently, two software packages are used
for modelling the performance of milling
trains. Milset uses empirical equations (Murry
1960; Kent and McKenzie 1999) to predict
the feeding behaviour of prepared cane and
bagasse, and therefore allows the geometry and
operating conditions to be defined for a milling
unit. The second, Milsim (Russell 1968), again
uses empirical equations to predict the mixing,
reabsorption and pol extraction behaviour of a
milling unit. However, there are deficiencies
in both models. For example, soft canes will
usually achieve a relatively high compaction
at the bottom of the feed chute and, therefore,
should feed well according to Milset, but that
is not the case. Milsim is not able to distinguish
between the physical mechanisms and their
relative contributions that result in reabsorption,
for example juice crossing a roll nip by flowing
into the potential gap at the bottom of a groove, or
the bagasse extruding through the nip at a higher
velocity than the adjacent roll surface.
Considerable research from approximately
1988 to 2004 sought to determine the properties
of prepared cane and bagasse necessary for
reproducing milling behaviour in a milling
model, and in developing and/or adopting an
adequate milling model. For example, Leitch
(1996) carried out triaxial tests on prepared cane
using soil equipment in an attempt to measure its
compression and shear behaviour. Adam (1997)
used the commercial software ABAQUS to
model the milling process using a finite element
model (FEM). Despite significant limitations in
the modelling, Kent (2004) was able to use an

ABAQUS FEM to develop a better empirical
equation to predict mill feeding (and therefore
mill speed), with the potential to better set milling
units to meet crushing rate and performance
targets. The empirical equation was judged to
require experimental validation before being
widely used. Apparently, the use of this equation
has not yet been adopted by Australian or overseas
sugar industries.
This research finished in about 2004, and little
fundamental work has been carried out since in
either experimental measurements of physical
properties, or in advancing mill modelling. The
literature continues to increase on the number
of proposed improvements to and experimental
performance of milling units, for example, Garson
(2017), Heron et al. (2017) and Sakhardande
and Kundargi (2017). Invariably, the reported
testing has been conducted on equipment
installed on large operating milling trains. This
has the advantage of obtaining performance
measurements in a real-world situation. However,
there are also some disadvantages, such as the
data being affected by other operating factors,
and the need to be conservative in order to not
interrupt the process.
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Introduction

Material properties and
mill-modelling options

I consider that five items are important
mechanisms that need to be reproduced in order to
predict the performance of milling units:
1. Contact behaviour (pressure and friction) at
the interface between the fibre and the rolls,
both the arced rough and smooth cast iron (or
another material such as SG iron) surfaces.
2. A description of the material behaviour
(compression, shear and volume) internal to the
bulk fibre, both elastic and plastic, including at
high deformations/strains.
3. Flow of air and juice through the bulk fibre
(generally known as permeability) at the large
range of compactions (densities) that occur in
the milling process.
4. The ability to model the development of total
pressure, juice pressure and effective stress on
the bulk fibre and their interaction (generally
known as Terzaghi’s principle).
5. Flow of juice out of the bulk fibre, and past the
constrained steel boundaries such as grooves,
as well as back into the bulk fibre (generally
known as reabsorption).
The contact behaviour is described by Plaza
and Edwards (1994), and Plaza and Kent (1997).
They showed that an arced surface on the grooves,
or a long-life surface, such as that produced by
tungsten-carbide particles, was rough enough to
grip and shear the fibre internally. The internal
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shearing behaviour was described by the MohrCoulomb failure criterion for soils (Craig 1997).
The material behaviour (compression, shear
and volume) internal to the bulk fibre was shown
to be critical state behaviour (Plaza et al. 2000;
Plaza 2002), similar to that for soils (Muir
Wood 1990). A better method of describing the
compression pressure-deformation relationship
was described by Kent (2003).
Permeability behaviour was shown to obey
Darcy’s law (Craig 1997) by Kent and McKenzie
(2003).
Most (if not all) commercially available
structural software packages use Terzaghi’s
principle of effective stress, for example, ANSYS
(Anon. 2019a), ABAQUS (Anon. 2019b), and LSDYNA (Anon. 2019c). Therefore, the modelling of
this aspect should not be an issue. Fluid-structure
interaction capabilities are also developed in each
of these software packages, so the modelling of
this aspect should not be an issue.
Previous attempt at fundamental modelling of
the milling process included:
1. A FEM program was developed at the
University of Swansea (Garson 1992; Zhao
1993) and it was incorporated into Swansea’s
commercial software Elfen. An elastic material
model was used.
2. A commercial structural analysis FEM program
called Strand6 (Kent and Edwards 1994) that
utilised an elastic material model with a shear
stress failure criterion.
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3. A commercial FEM program called ABAQUS.
A range of material models belonging to the
critical state family, capable of modelling
both elastic and plastic behaviour, including
Crushable Foam and Drucker-Prager Cap, were
used as described, for example, in Adam (1997),
Downing et al. (1999), and Kent (2003).
The ABAQUS modelling software uses FEM,
which works out the relationship between stresses
and strains, and can also determine the juice
flow through the fibrous material (permeability
behaviour). As noted by Leitch (1996), the
ABAQUS software has a number of critical state
models developed for modelling soil behaviour.
They were judged at the time to have the best
chance of modelling the elastic and plastic
behaviour of bagasse, the large deformations
involved (with decreases in volume by a factor of
eight), and compression pressures ranging from
a few kilopascals at the feed (Donnelly) chute to
as much as 20 MPa at the delivery nip. However,
those critical state models had been specially
built for soil (sand and clay), and reservations
were held about their capability to model bagasse
behaviour in a milling unit (Schembri et al. 1998).
Plaza (2002) showed that there were significant
limitations in the existing material models in
ABAQUS when applied to the modelling of
the behaviour of prepared cane and bagasse, in
particular, the ability to predict combinations of
compressive and shear stresses. In more detail, a
significant limitation was shown in the available
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models, for example, by Brinkgreve (1994), for a
material such as bagasse which has a low lateral
stress when compressed uniaxially (a value of Ko
of about 0.2). In order to reproduce this behaviour,
a non-physical value for the slope of the critical
state line had to be used (a value of M greater than
3.0), or at the very least, a value much greater than
those which had been experimentally measured
(values of about 1.1).
As noted in the introduction, despite these
limitations, Kent (2004) was able to use an
ABAQUS FEM of the pressure feeder rolls to
develop a better empirical equation to predict
mill feeding (and therefore mill speed), with
the potential to better set milling units to meet
crushing rate and performance targets.
Agreement of predicted loads and torques
with experimental values has not been achieved.
Modelling Improvements are required, for example,
to predict the shear stresses (the sum of the shear
stresses at the surface of the roll being the torque
required to drive the roll), as well as simulate the
various mechanisms of reabsorption separately.
The available range of critical state material
models in ABAQUS has not changed for the
last 25 years. The development of a material
model specifically for prepared cane and bagasse
continued with limited resources (for example,
Plaza (2013)), again using the ABAQUS software.
The coding of a material model into an external
subroutine requires a high degree of mathematical
skill and efforts to bring those skill sets into a
project have not been successful to date.
Discrete element methods (DEM) could
be used to model individual particles, but the
computer resource required is likely to be
prohibitive. In addition, the material models
available in current DEM codes are very limited.

A likely better option for realistic
predictions of mill modelling

The LS-DYNA software (Anon. 2019c) was
originally developed by and for the United States
defence industries. Its capabilities have since been
extended to simulate, for example, the behaviour
of soil underneath a tractor tyre, or the cutting
of a plant stalk by a steel blade. Inspection of its
manuals, example solutions and published papers
showed that, compared to other commercially
available software packages such as ABAQUS
and ANSYS (for its original structural software),
it has a much larger range of material models
available for structural analyses. Therefore, this
should negate the need to have to code a material
model into an external subroutine. Some material
models are of particular interest for modelling
prepared cane and bagasse mechanical behaviour,
for example:

1. Soil material 25 (Geologic Cap model) which
can be used for geo-mechanical problems or for
materials such as concrete. Enhancements to
material 25 are included in materials 145 and 159.
2. Soil material model 147 (FHWA-HRT-04-095
model). This material model was developed
specifically to predict the dynamic performance
of the foundation soil in which roadside safety
structures are mounted when undergoing
a collision by a motor vehicle. The model
includes strain softening, kinematic hardening,
strain rate effects, element deletion and excess
pore water effects (Jayasinghe et al. 2013).
In a similar way to ABAQUS and ANSYS, the
above models allow the modelling of both elastic
and plastic behaviour at different locations in the
milling unit, but with more ‘adaptable’ options.
There are also additional models which have the
capability of including damage and failure into, for
example, material models 25 and 147.
Other capabilities that are noted in LS-DYNA
are:
a. Models large deformations.
b. H
 as adaptive meshing / mesh refinement
capabilities during the solution process.
c. I s able to continue the solution process after
failure has occurred in part of the process
(such as bits of bagasse material falling off the
bulk material).
d. Can model strain rate dependence.
e. M
 odelling air, water and fibre in a single
simulation.
f. M
 odelling of permeability, flow of air and juice
through the fibre.
g. P
 ore pressure analysis, allowing modelling of
drained or undrained pore water, time-dependent
consolidation, or calculation of steady-state
pore pressures.
h. M
 odelling free surfaces (for example, a juice
level above the feed nip).
i. Thermal: the effects of maceration water
temperature on bulk fibre properties.
j. C
 an carry out explicit (time based, dynamic)
simulations, as well as implicit simulations.
k. The software seems to be put together in a
single coherent structure.
l. H
 as the capability of using many CPUs in a
parallel computing environment.
The LS-DYNA software has many models
with the capability of modelling anisotropy, which
may be relevant for prepared cane and bagasse.
However, the need for explicit anisotropic models,
which require a significantly greater number of
experimental parameter values, as well as greater
computer resources, remains unproven.
ANSYS is now incorporating LS-DYNA
into its main WORKBENCH suite of software
capabilities. This provides an alternative and
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easier method to build complex geometries, in
particular three-dimensional ones, to the LS-DYNA
LS-Pre-Post software. However, currently there
are significant limits in the ANSYS LS-DYNA
graphical interface in the selection of material
models and modelling capabilities that are already
available in the LS-DYNA standalone software. A
model built in ANSYS WORKBENCH needs to be
modified in the LS-DYNA stand-alone environment
in order to access all the capabilities of LS-DYNA.
This extra step requirement is expected to improve
as newer ANSYS software versions are released.
Some relatively recent LS-DYNA example
simulations with capabilities relevant to mill
modelling are:
• Paz et al. (2015) describe the simulation of flows
through anisotropic porous media, including
moving free surfaces. This is analogous to the
flow of juice through, out of, and into bagasse.
• Simulating a moving debris mass during an
earthquake by applying an Arbitrary Lagrangian
Eulerian (ALE) FEM model (Konuk et al. 2006).
This has strong relevance to the movement of
bagasse as it is fed through the milling unit,
including the definition of contact surfaces.
• Mansfield and Gordon (2015) simulated the
hot rolling process of aluminium composites
in the nip of two rollers in order to reduce the
edge cracking of the hot rolled plate. This has
relevance to the feeding of an unbroken bagasse
mat through a milling unit.
• Soulami et al. (2014) simulated the hot rolling of
uranium coupons encapsulated in mild steel and
showed good correlation to experimental rollseparation forces and pack thickness observed
in actual rolling operations. The model was also
used to explain the cause of an observed defect
during rolling. There is strong relevance to the
prediction of roll load in a milling unit.

Summary

Here, I provide a review of fundamental
measurements and modelling in the milling
process and introduced an option for improving
the performance of milling units through
computer modelling using the software package
LS-DYNA. The capabilities of LS-DYNA with
reference to those required for mill modelling
are described. Examples of relatively recent
applied research in other fields including rolling
simulations that have shown good agreement
with experimental data and have strong relevance
to milling are provided.
*This paper was presented at the 2019 Australian
Society of Sugar Cane Technologists annual
conference and is published here with the
agreement of the Society.
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Abstract

The two largest categories of energy consumption in a sugar factory, after the boilers,
are concentration of clear juice to syrup and process heating duties serviced using
evaporator vapour bleeds. These cannot be measured directly, since both are supplied
by the same exhaust steam fed to the evaporator station. In this study, an algorithm was
developed to separate the evaporator exhaust steam demand into the amount required to
concentrate clear juice to syrup and the amount that is required for raising vapours for
downstream process heating duties. The algorithm was generalised for different evaporator
station configurations, different exhaust steam conditions, and varying clear juice and
syrup concentrations and temperatures. The algorithm was applied to factory data to
demonstrate its application for investigating the cost of combined downstream process
heating demand on the factory energy bill.
Keywords: energy, process heat, monitoring, evaporator station
Un modelo de la estación de evaporación para estimar la conversión y el consumo de vapor de escape *
Resumen Las dos categorías más grandes de consumo de energía en una fábrica de azúcar, después de las
calderas, son la concentración de jugo claro para convertirlo en meladura y las tareas de calentamiento en el
proceso mediante las sangrías de vapor del evaporador. Estas no se pueden medir directamente, ya que ambas
son suministradas por el mismo vapor de escape alimentado a la estación del evaporador. En este estudio, se
desarrolló un algoritmo para separar la demanda de vapor de escape del evaporador en la cantidad requerida
para concentrar jugo claro en meladura y la cantidad requerida de vapores para las tareas de calentamiento del
proceso aguas abajo. El algoritmo se generalizó para diferentes configuraciones de la estación de evaporador,
diferentes condiciones de vapor de escape y diferentes concentraciones y temperaturas de jugo claro y
meladura. El algoritmo se aplicó a los datos de la fábrica para demostrar su relevancia para investigar el costo
de la demanda combinada de calefacción del proceso aguas abajo en la factura de energía de la fábrica.
Palabras clave: energía, calor de proceso, monitoreo, estación de evaporación

Introduction

In a conventional raw sugar factory, boiler
inefficiency, concentration of juice to syrup
and downstream process heating duties are the
largest contributors to the total fuel bill (Foxon
and Starzak, 2018, Reid and Rein, 1983). Process
heating duties are particularly difficult to quantify
because there are many units that make use
of either exhaust steam or vapour bleeds, and
which have fluctuating energy demand. There are
typically few sensors for measuring the quality
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and especially the quantity of these streams.
The evaporator station is the heart of the
energy supply system in a sugarcane processing
factory. The evaporator has two functions, viz. to
concentrate sugar juice to syrup and to produce
vapour bleed streams that are reused for process
heating duties elsewhere in the sugar factory. The
energy that is required for concentrating juice only
(i.e. not including energy contained in vapour
bleeds) represents a direct energy consumption
since, by definition, this is the portion that is

An evaporator station model for estimating exhaust steam conversion and consumption*

not reused elsewhere in the factory. This energy
leaves the evaporator station in the final effect
vapour, is condensed, and usually leaves the sugar
factory through evaporative cooling in a cooling
tower. Raising vapour bleeds is not part of the
evaporator energy consumption but represents an
energy conversion from exhaust steam to a lower
grade form of heat that is subsequently reused.
Since there are not usually any measures of vapour
bleed flow or final effect vapour flow, the ratio of
energy consumption to conversion in the evaporator
station, and therefore the relative costs of the two
evaporator functions, have not previously been
quantified from factory operating data.
In this paper, a method for estimating the
portion of exhaust steam used for these two
functions, viz. concentrating juice and raising
vapour bleeds, is derived from a theoretical
analysis of the evaporator station.

Theoretical analysis of the
evaporator station

Using mass and energy balance principles,
steady-state relationships between the mass and
enthalpy flows across an evaporator station can
be derived. For the purpose of this analysis,
an evaporator station with five effects was
considered, where each effect has internal phase
separation (e.g. Robert-type effects), all effects
are operated in series and there is only one
vessel per effect. For demonstration purposes,
it is assumed that vapour bleeds are drawn off
the first and second effects only (Figure 1). All
symbols are defined in the nomenclature.

Analysis using Rillieux’s simplification

In the 19th century, Norbert Rillieux used a set
of powerful simplifications to demonstrate the
potential of a multi-effect evaporator station to
concentrate juice at relatively low energy cost
(Rein, 2007). The simplification used in the
development of Rillieux’s principles assumes that
the mass flow of vapour produced in each effect is
approximately equal to the mass flow of steam or
vapour condensed in its calandria. i.e.

of refractometric dry solids (RDS) in clear juice
and the final effect syrup respectively.
Combining Eq. 1 and Eq. 2 it can be shown
that:
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Eq. 3 provides a means to quantify the
contribution of these two functions to the total
exhaust steam demand of the evaporator station.
The first term on the right-hand side of Eq. 3
contains all the terms that are directly responsible
for the energy demand of concentrating
sugar juice, i.e. the amount of juice, FCJ, its
concentration xRDS,CJ and the concentration of
the syrup leaving the last effect, xRDS,S5 This term
has been called FK and can be interpreted to be
the portion of exhaust steam that is used for
concentrating clear juice to syrup. The second
term is only influenced by the amount of vapour
bleed that is drawn off the first two effects, and
the design of the evaporator station, in terms of
number and location of vapour bleeds. This term
has been called Fφ and may be interpreted as the
amount of exhaust that is needed to supply the
vapour bleeds for downstream process heating.
For many factories, measures of FCJ, xRDS,CJ
and xRDS,S5 are available, and for some factories
FEx is measured or can be inferred. However,
the exact flows of V1 and V2 bleed (FV1b and FV2b
respectively) are not known. By rearranging
Eq. 3, Fφ can be calculated from available
measurements:
𝐹𝐹'(

𝑥𝑥-./,'(

𝐹𝐹" ≈ 𝐹𝐹$% −
*1 −
2
				
5
𝑥𝑥-./,/1

Eq. 6

Figure 1: Five-effect evaporator station with vapour bleeding from
the first and second effects, and no condensate flash recovery

𝐹𝐹"# ≈ 𝐹𝐹%& ; 𝐹𝐹%&) ≈ 𝐹𝐹%* ; 𝐹𝐹%*) ≈ 𝐹𝐹%+ ≈ 𝐹𝐹%, ≈ 𝐹𝐹%-

With this assumption, it can easily be shown
that the mass flow of syrup produced from the last
effect at steady state, FS5 is approximately
𝐹𝐹"# ≈ 𝐹𝐹%& − 5𝐹𝐹)* + 4𝐹𝐹-./ + 3𝐹𝐹-1/

Eq. 1

If it is further assumed that no dissolved solids
have been lost through entrainment or reaction,
FS5 is
𝑥𝑥()",%&
Eq. 2
𝐹𝐹"# = 𝐹𝐹%&
𝑥𝑥()","#
where xRDS,CJ and xRDS,S5 are the concentrations
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Eq. 6 and all subsequent variations thereof are
called the energy consumption model.
Fφ is not the actual flow rate of vapour bleeds,
but the amount of exhaust steam required to raise
those vapour bleeds. The relationship between Fφ
and the two vapour bleed flows will be different
in different evaporator station designs. For
example, in a 4-effect station with two vapour
bleeds, the derivation for Fφ gives
𝐹𝐹01
𝑥𝑥567,01
3𝐹𝐹%&' + 2𝐹𝐹%*'
𝐹𝐹" =
≈ 𝐹𝐹-. −
21 −
:
				
4
4
𝑥𝑥567,79

Eq. 7

Nevertheless, Fφ will increase when either
or both vapour bleed flow rates increase and
decrease when they decrease, thereby providing
a measure of the overall downstream process
heat consumption. Furthermore, this variation is
independent of the factors that influence energy
consumption for purposes of concentrating juice to
syrup, viz. clear juice flow and concentration and
syrup concentration.
When there is no vapour bleeding, i.e. FV1b =
FV2b = 0, the exhaust steam flow rate is only the
amount required for concentrating clear juice to
syrup, i.e. FEx = FK and Fφ = 0.

Rigorous analysis

Rillieux’s simplification of mass equivalence
of condensing steam and water evaporated is
approximately true when the condensing steam
enters the calandria at its saturation temperature,
and the juice enters the tube side of the evaporator
at its boiling point. In practice, this is often not
the case. The temperature of clear juice entering
the first effect could be well below, or even
above the boiling temperature. Exhaust steam is
typically a few degrees hotter than saturation and
the pressure difference between effects results
in the intermediate juice streams entering each
subsequent vessel in a superheated state (Love et
al., 1999; Rein, 2007).
Considering the first effect in Figure 1, steady
state mass (a) and energy (b) balances (assuming
no heat loss, Eq. 8) give:
			
Eq. 8
𝐹𝐹"# + 𝐹𝐹%& = 𝐹𝐹() + 𝐹𝐹*) + 𝐹𝐹+)
(a)
𝐹𝐹"# ∙ ℎ"# + 			
𝐹𝐹'( ∙ ℎ'( = 𝐹𝐹*+ ∙ ℎ*+ + 𝐹𝐹,+ ∙ ℎ,+ + 𝐹𝐹-+ ∙ ℎ-+ (b)
Rearranging, the relationship between the
amount of exhaust steam condensed and the
amount of V1 raised is:
𝐹𝐹"#

(ℎ%& − ℎ+# )
1ℎ/0 − ℎ-# 2
= 𝐹𝐹%& ∙
+ 𝐹𝐹/0 ∙
(ℎ"# − ℎ-# )
(ℎ"# − ℎ-# )

Eq. 9

Of the terms in Eq. 9, hc1, hV1, and hS1 will
depend mostly on the tube and shell side pressures
in the calandria, but hCJ will depend on the
concentration of the clear juice and the clear juice
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temperature, which are determined by imbibition
and clear juice heating. Exhaust enthalpy, hEx
may be adjusted in response to other factory
imperatives. The denominator term, (hV1 – hS1 ) will
be close or equal to the latent heat of vaporisation
at the tube side pressure. The term (hEx – hc1 )
could be somewhat different to the latent heat of
vaporisation, depending on the exhaust superheat.
The numerator of the FCJ term is a small number,
which could be positive or negative in the first
effect while the equivalent term in later effects
would be positive. These differences are the cause
of the deviation of real conditions from Rillieux’s
simplification.
It can be shown that a rigorous analysis
analogous to that presented using the Rillieux
simplification results in modified definitions of Fφ
and FK, viz.:
			
Eq. 10
%
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The terms α, β, γ and δ are combinations
of ratios of enthalpy differences such as those
shown in Eq. 9. The definitions of these terms
are presented in Appendix 1, equation sets 16 and
18. Despite the apparent algebraic complexity
of the final solution, all the terms involved are
easily calculated from properties that are typically
measured or that can be inferred from a knowledge
of the physical system. The significance of Eq.
10 is that, with some algebraic manipulations,
it is possible to estimate the exhaust steam
demand for raising vapour bleeds for downstream
consumption, Fφ, from the exhaust steam and
clear juice flows, the clear juice and syrup
concentration, and the temperatures and pressures
in the various effects. Furthermore, under near
steady state conditions, the calculated value of Fφ
will not be confounded by changes in clear juice
and syrup concentration or clear juice and exhaust
temperature. The set of equations for a four-effect
evaporator station with two vapour bleeds are
included as Eq. 19 and equation set 20.

Generalisation to any number of
vapour bleeds

Conveniently, it can be shown that additional
vapour bleeds (i.e. V3b and even V4b) can be
incorporated into the estimation in a similar way:
				
Eq. 11
𝐹𝐹" =

𝐹𝐹34
𝑥𝑥89:,34
𝛾𝛾𝐹𝐹%&' + 𝛿𝛿𝐹𝐹%*' + 𝜀𝜀𝐹𝐹%,' + 𝜁𝜁𝐹𝐹%.'
= 𝐹𝐹01 −
5𝛽𝛽 −
=
𝛼𝛼
𝛼𝛼
𝑥𝑥89:,:<

If there are no independent measures of
vapour bleed flows, then the values of ε and ζ
are of no consequence, since the term containing
the vapour bleed flows in Eq. 11 cannot be
evaluated. Instead, Fφ can be determined from
the right-hand side of Eq. 11 using the same
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analysis and definitions of α and β as for the
case with fewer bleeds. For completeness, the
definitions of ε and ζ are included in Appendix
1, in equation set 22.

Flash recovery

The condensate from each effect contains energy
that can be recovered by flashing the condensate
to a lower pressure. Rein (2007) describes a
flash recovery system where the condensates
from all but the first effect are flashed to the
vapour phase coming out of the same effect,
and the residual condensate is passed to the next
stage flash pot. Residual condensate from the
first effect is recovered for boiler feed water.
By consecutive flashing of condensates at lower
pressure in subsequent effects, the difference
in total enthalpy between the second and last
condensates can be recovered, making use of the
existing pressure differential in the evaporator
train, with relatively little additional equipment
(Figure 2). This configuration is referred to as
condensate flash with superheat recovery or the
flash-through design.
A simple flash case can be defined where
flashing from condensate is included, but the
residual condensate in each case is not passed
forward to the next stage (Figure 3).
For the simple flash case, a formula similar to
Eq. 11 has been derived:
				
Eq. 12
𝐹𝐹" =

̃ &/( + 𝜁𝜁+𝐹𝐹&1(
𝐹𝐹67
𝑥𝑥<=>,67
𝛾𝛾%𝐹𝐹&'( + 𝛿𝛿+𝐹𝐹&,( + 𝜀𝜀 𝐹𝐹
= 𝐹𝐹34 −
8𝛽𝛽: −
A
𝛼𝛼%
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∼∼ ∼ ∼
∼
∼ β,
The parameters α,
γ, δ, ε, and ζ in Eq. 12
are analogous to α, β, γ, δ, ε, and ζ in Eq. 11,
but contain additional terms to account for the
contribution of flash vapours. The definitions of all
terms are also presented in Appendix 1 in equation
sets 24, 26 and 27. Rigorous formulae for the flash
through case were also derived but do not lend
themselves to neat nested parameter groupings as
developed for the simple case and therefore have
not been shown.

in the output model. Intermediate parameters (Int)
are parameters that must be estimated en route to
generating model outputs, but which are not in
themselves of technical interest.
Table 1 also shows the required and optional
inputs for implementing a rigorous mass and
energy balance as described by Rein (2007).
The rigorous approach is appropriate for design
calculations where estimates of vapour bleed flows
are used to determine the amount of exhaust steam
required to concentrate juice and raise vapours.
In contrast, the energy consumption model was
derived for monitoring the cost of supplying
vapours for downstream process heating from
processing data.

Modelling a reference system

In this study, calculations were built into ExcelTM.
A reference system was modelled using rigorous
mass and energy balances following Rein (2007),

Figure 2: Flash-through arrangement for five-effects with
condensate flash from all effects and any number of vapour
bleeds. Clear juice and syrup streams are not shown

𝐹𝐹" =
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Figure 3: Simple flash arrangement for five-effects with
condensate flash from all effects and any number of vapour
bleeds. Clear juice and syrup streams are not shown

Energy consumption model
implementation
Selection of input and
output variables

The energy consumption model has required
input parameters (RI in Table 1) that are known
or can be reasonably assumed. Optional input
(OI) parameters are ones that should ideally
be measured, but where reasonable literature
values are available, or reasonable values can
be calculated from other properties, or to which
the estimates of the model outputs (Out) are not
particularly sensitive, such that an error in the
assumed value does not translate into a large error
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Table 1: Model parameters for the algebraic energy consumption model and the rigorous mass and
energy balance (MEB) model. Parameters may be Required Inputs (RI), Optional Inputs (OI), Outputs
(Out) or not required (x)
Energy consumption model

Rigorous MEB model

Exhaust steam flow, FEx (t/h)

RI

Out

Exhaust steam temperature TEx (ºC)

RI

RI

Exhaust steam pressure PEx (kPa(a))

RI

RI

Clear juice flow, FCJ (t/h)

RI

RI

Clear juice TCJ (ºC), concentration xRDS,CJ, (t RDS/100 t CJ)

RI

RI

Final syrup concentration xRDS,S5 (t RDS/100 t S5)

RI

RI

Evaporator vapour pressures, PVj (j = [1; n], kPa(a))

RI

RI

Vapour bleed flow rates, FVjb (j = [1; n – 1], t/h)

x

RI

Concentration of juice leaving each effect, xRDS,Sj (j = [1; n – 1], t RDS/100 t)

OI

Int

Boiling temperature in each effect, TSj, (j = [1; n – 1], ºC)

Int

Int

Thermal efficiency of each effect j (j = [1; n], kJ/kJ)

OI

OI

Pressure drop between vapour space and calandria of subsequent effect, ΔPj
(j = [1; n] kPa)

OI

OI

Stream specific enthalpies, hi (i = Ex, sj, cj, Vj, Vjt, wj, Fj; j = [1; n], kJ/kg)

Int

Int

Ratio of enthalpy differences, a, b, c, d, e, f, g, h, i, j, v, w, y and z
∼ ∼ ∼∼
∼
∼ β,
Combined energy consumption model parameters α,
γ, δ, ε and ζ

Int

x

Vapour flow rates FVj (j = [1; n], t/h)

Int

x

x

Int

Concentrated juice flow rates FSj (j = [1; n –1], t/h)

x

Int

Flash vapour flow rates FFj (j = [1; n –1], t/h)

x

Int

Recovered condensate flows FWj (j = [1; n –1], t/h)

x

Int

Exhaust steam required to supply process heat to factory F  [t Ex/h]

Out

x

Exhaust steam required to concentrate clear juice to syrup FK [t Ex/h]

Out

x

Table 2: Inputs and outputs of the rigorous mass and energy balance. Parameters marked with an
asterisk (*) were used as inputs to the energy consumption model
Inputs – no condensate flash

Inputs – with condensate flash

*FCJ = 500 t/h

*PV1 = 150.2 kPa(a)

*PV11= 149.9 kPa(a)

*TCJ = 112 ºC

*PV2 = 103.5 kPa(a)

*PV2 = 105 kPa(a)

Output – no condensate flash

Output – with condensate flash

*FEx = 183.8 t/h

*FEx = 176.7 t/h

Common inputs

*xRDS,CJ = 12 t RDS/100 t CJ
*xRDS,S5 = 67 t RDS/100 t S 5
*PEx = 200 kPa(a)
*TEx = 122 ºC
*PV5 = 16 kPa(a)
FV1b = 87.2 t/h
F21b = 50.2 t/h

in order to generate a set of input data for the
energy consumption model. Required inputs
(Table 2) were chosen to match the case studies
presented by Rein (2007).
The strategies used to estimate all optional and
intermediate variables for the energy consumption
model are as follows:

Optional variable: Intermediate juice
concentration

For the ExcelTM implementation of the energy
consumption model, it was assumed that no online
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measurements of the optional input parameters for
intermediate juice concentration are available.
Juice concentrations are required for estimating
the specific enthalpy of the juice at each stage, so
that the ratio of enthalpy difference terms (a – j,
equation set 16, Appendix 1) can be calculated.
While the juice concentration, and therefore
enthalpy, changes by at least 50 t RDS/100 t across
the evaporator station, the concentration within
each vessel is not expected to change by more
than a few concentration units either side of the
average value under relatively steady operations.

An evaporator station model for estimating exhaust steam conversion and consumption*

For example, for this implementation, if the juice
concentration coming out of each effect was varied
by 4 t RDS/100 t above or below the average value
at the same temperature, the calculated specific
enthalpy of each concentrated juice was different
from the average value by less than 2.5%. Thus,
if a reasonable estimate of juice concentration can
be made, these values can be treated as constants
in the model thereafter. For this implementation,
the rigorous mass and energy balance model was
used to estimate juice concentration values, but
in a factory implementation, a few measurements
would suffice to fix values for future use.

ρ#
𝑙𝑙#
𝑃𝑃"#
= 𝑃𝑃# +
∙ 𝑔𝑔 ∙
				
Eq. 14
1000
2
where: 		
• Plj is the liquid zone pressure in the jth effect
[kPa(a)]
• j is the juice density in the jth effect [kg/m3],
estimated from the Kadlec density correlation
(Peacock, 1995)
• lj is the length of tube submerged in juice [m]
and
• g is the gravitational constant 9.81×10-4 m/s2.

Optional input: Thermal efficiency
of effects

The enthalpy of any water-only stream was
calculated using the International Association
for the Properties of Water and Steam
(IAPWS) Industrial Formulation 1997 for the
Thermodynamic Properties of Water and Steam
(Wagner et al., 2000). The enthalpy of liquid
process streams was calculated using the Lyle
correlation (Peacock, 1995).

The thermal efficiency of the jth effect, j was
defined as the fraction of energy transferred from
the heating medium that is recovered in vapour and
concentrated juice from each effect. It is assumed
that the difference between the energy transferred
and recovered is lost to atmosphere through
radiative and convective heat losses from the
evaporator body. Rein (2007) suggests that losses
are approximately 1.5% of energy transferred,
giving a thermal efficiency of j = 0.985. The
thermal efficiency is incorporated in the terms a, c,
e, g and i (Appendix 1). This term will also include
the enthalpy loss from venting incondensable gases
but does not consider the mass loss of vapours from
venting incondensable gas.

Optional input: Pressure drop
between effects

Rein (2007) recommended that an allowance of
0.4 kPa be made for the difference between the
pressure in the vapour space of one effect and the
calandria of the next.

Intermediate variables: Juice and
vapour temperatures

Juice and vapour temperatures were estimated
from the saturated temperature at the pan boiling
pressure Pj as follows:

𝑇𝑇"#				
= 𝑇𝑇%&'.)&'*+ ,𝑃𝑃# . + ΔT234,#

Eq. 13

where:
• Tsat.water (Pj ) is the boiling temperature of pure
water at the evaporator pressure; and
• ΔTBPE,j is the boiling point elevation at the
boiling pressure and juice concentration. Boiling
point elevation was calculated using the Sheng
correlation (Peacock, 1995).
The evaporator pressure was assumed to be
the vapour space pressure plus a static head
equivalent to half the submerged tube length in
each effect as follows:

Intermediate variables: Stream
enthalpies

Intermediate variables: Ratio of
enthalpy differences and combined
parameters

All the remaining intermediate variables i.e. the
ratio of enthalpy differences and the combined
energy monitoring model parameters were
calculated using Eq. 16 to 27 in Appendix 1.

Results: Energy consumption model

Since the energy consumption model was defined
to separate the amounts of exhaust steam flow that
are required for juice concentration and raising
vapour bleeds respectively, properties that cannot
be measured directly, there is no experimental
way of verifying whether the values it provides
are meaningful or not. Instead the model was
manipulated to understand how the calculated
values of Fφ and FK vary when modelling
assumptions or evaporator station conditions vary.

Simplifications

Four different calculations for Fφ have been
derived, i.e. (i) using the Rillieux simplification
(Eq. 6 or 7), (ii) using a rigorous analysis with
no condensate flashing (Eq. 10 or 11) and (iii)
using a rigorous analysis with simple condensate
flashing (Eq. 12). A further derivation for (iv)
condensate flashing with additional superheat
recovery was implemented (equations not
shown). For a real application, the equation sets
for (ii), (iii) and (iv) should be selected to match
the actual condensate flash arrangements of the
evaporator set to be modelled.
A five-effect evaporator set with vapour bleeds
from the first and second effect, and with the most
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Table 3: Range of key parameters used to test model
simplifications
Parameter

Range

Parameter

Range

PEx

198-205 kPa(a)

FCJ

400-510 t/h

TEx1

3-6

ºC

TCJ

95-112

ºC

xRDS,CJ

10-15

t RDS/100 t CJ

FV1b

81-95

t/h

xRDS,S5

60-70

t RDS/100 t S5

FV2b

40-60

t/h

PV1

155-165 kPa(a)

The variation in exhaust temperature was implemented as a variation in the amount of superheat, rather than
a fixed temperature range

1

complex condensate flash arrangement (Figure
2) was modelled using all four equation sets.
The values in Table 2 were used as the reference
conditions.
A sensitivity analysis showed that the
parameters with the greatest influence on the flow
of exhaust, and thus FK, are PEx, TEx, TCJ, xRDS,CJ,
FCJ, PV1 and xRDS,S5. The parameters that most
influence Fφ are the actual vapour bleed flows
from each vessel FVjb. Each of these parameters
was allowed to vary between minimum and
maximum values defined in Table 3.
A set of 120 simulations were performed using
randomly generated values within the specified
range for the key parameters. The simulated values
of Fφ using each of the four calculation methods,
are plotted in Figure 4 against the Fφ calculated
using equations for the flash through case. This
comparison shows the effect of the simplifications
on the estimated Fφ value.
The distance between the points marked (iii)
simple flash and the equivalence line in Figure
4 is the error introduced by ignoring condensate
superheat recovery when using equations for
simple flash recovery if the evaporator station
has a flash-through design. Points marked (ii) no
flash show the consequences of ignoring flash

Figure 4: Fφ calculated for a five-effect model with V1 and V2
bleeding, condensate flashing and recovery of superheat in
condensate. PEx, TEx, TCJ, xCJ, FCJ, PV1, FV1b and FV2b were varied. Fφ
was calculated (i) using Rillieux’s simplification (grey), (ii) ignoring
flash (blue), (iii) ignoring condensate superheat recovery, (orange)
and (iv) with no simplification (equivalence line)
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altogether. Points marked (i) Rillieux demonstrate
the values that would be achieved using the
simplified approach of Eq. 6 and 7.
When condensate superheat recovery is ignored
(orange points), Fφ is underestimated, with an error
between 0.6 and 0.8 t/h or approximately 0.7%.
When flash is ignored altogether (blue points),
the underestimation is between 2.6 and 3.6 t/h or
approximately 3.2 %. The Rillieux simplification
results in wide scatter of the simplified Fφ around the
rigorous value. The model accuracy will already be
limited since measurements will have uncertainties
arising from sensor calibration and dynamic
conditions. Therefore, either the equations for no
flash (Eq. 10) or simple flash (Eq. 12) should be
adequate for energy consumption monitoring.

Dependence on operating conditions

The dependence of the Fφ value on various
operating parameters is shown in Figure 5.
The exhaust steam flow rate FEx and models
for both simple flash and flash with condensate
superheat recovery (flash through) are shown.
For each plot, the model was executed with all
variables but one held constant at the base case
values. Since the model uses evaporator pressures
as inputs, it does not calculate the effect of
changes in exhaust pressure on the evaporator
station pressure profile. It also does not consider
any heat transfer limitations and the influence
of heat transfer area on the capacity for vapour
generation at different evaporator pressures. Thus,
the results presented in Figure 5 do not predict the
behaviour of an evaporator station at the various
conditions shown, but rather the behaviour of the
model for varying input parameter values.
The model determines the amount of water
to be evaporated to concentrate the clear juice
to syrup implicitly. This amount will increase
with increasing clear juice flow, FCJ, increasing
syrup concentration xRDS,S5 and decreasing clear
juice concentration, xRDS,CJ. Such changes in the
concentration duty drive the change in total energy
demand in Figure 5 a, c and g.
The total exhaust demand, FEx, does not
change much with changing PEx, (Figure 5 d)
when all other conditions are held constant. The
dependence of FEx on TEx, PV1 and xRDS,S5 (Figure
5 e, f and g) is not as large as that for clear juice
flow, temperature and concentration (Figure 5 a,
b and c) Both calculations for Fφ show negligible
change with changing PEx, TEx, TCJ, xRDS,CJ, FCJ, PV1
or xRDS,S5). The slight changes of Fφ with these
parameters is due to the change in evaporator
station efficiency when the relative amounts
of evaporation in different effects change. In
contrast, Fφ is sensitive to changes in FV1b and
FV2b (Figure 5 h and i). When either of the bleed
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Figure 5: Influence of key process parameters on overall evaporator station
exhaust steam demand and exhaust steam for raising vapour bleeds, Fφ using
equations for simple flash, and flash with condensate superheat recovery
(flash through)

flow rates increase, the exhaust steam flow rate
increases and the calculated Fφ increases. The
magnitudes of change in both FEx and Fφ are
greater for each mass flow rate change in FV1b
than for FV2b, and the changes in both FEx and Fφ

are smaller than the change in the vapour bleed
flow, as expected.
These results confirm that Fφ is not
dramatically influenced by changes in parameters
that are associated with juice concentration but

internationalsugarjournal.com

27

An evaporator station model for estimating exhaust steam conversion and consumption*

is sensitive to changes in vapour bleed flow rate
for the conditions modelled. It therefore appears
to be suitable for describing downstream vapour
demand in terms of the exhaust steam required to
service this demand.

Application to real factory data

The use of the energy consumption model for
monitoring energy consumption in a factory was
tested in two South African sugar factories. In both
cases, the following measurements were available
as hourly averages:
• exhaust steam temperature, pressure and mass
flow to the evaporators
• clear juice temperature, concentration and mass
flow rate
• final effect syrup concentration
• pressure and temperature values in the vapour
phase of each evaporator
The equations for the simple flash case were
used to calculate the exhaust steam required for
concentrating juice, FK and for raising vapour
bleeds, Fφ. The two factories have very different
energy use patterns; Factory A has a back-end
refinery and a five-effect evaporator station, while
Factory B is a raw sugar factory with a four-effect
evaporator station.
By presenting energy data in an energy
consumption map (Figure 6), the impact of
variations in processing conditions can be tracked
with time. The disaggregated exhaust steam demand

values can then be interrogated to understand the
cost of varying operating conditions.
Figure 7 shows calculated values for the
amount of available energy in exhaust steam
required to raise vapour bleeds per ton of dissolved
solids in clear juice.
Figure 8 presents the energy cost per tonne of
water in clear juice to concentrate the clear juice to
the final syrup concentration.
The available energy is an approximation
for the amount of energy that can reasonably be
extracted from the steam under factory conditions.
For these calculations, the available energy content
of steam was calculated as the product of flow and
the difference between the exhaust steam enthalpy
and a reference enthalpy, chosen as saturated water
at 1 atm, using Eq. 15.
				
𝐻𝐻"#$%&'
= 𝐹𝐹" *ℎ,- − ℎ/%01 5
2%0 '&4

Eq. 15

				

While it is not the purpose of this paper
to analyse the control philosophy of the two
factories, Figure 7 and 8 show that different
production imperatives and process designs can
have a substantial effect on energy use patterns.
Further, separation of the exhaust steam demand
into the amounts required for concentrating juice
and raising bleeds may permit data to be analysed
for target setting and for identifying conditions
that contribute to high energy consumption.

Figure 6: Exhaust steam consumption maps for two South African sugar
factories. Total exhaust steam flow (as % of maximum value observed over
the period) is shown divided into the exhaust required to raise vapour bleeds,
Fφ (green), and to concentrate juice, FK (blue)
(a) Factory A – back-end refinery factory with five-effect evaporator station

(b) Factory B – raw factory with four-effect evaporator station
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Figure 7: Available energy in exhaust used to raise vapour bleeds, reported per unit dry solids in clear
juice for for two South African sugar factories (A – back end refinery; B – raw sugar factory)

A

B

Figure 8: Available energy in exhaust used to concentrate clear juice, reported per unit mass of water in
clear juice for two South African sugar factories (A – back end refinery; B – raw sugar factory)

A

Discussion

The energy consumption model developed in
this paper estimates the amounts of exhaust
steam required to raise vapour bleeds, Fφ, and to
concentrate juice, FK, using data from existing
factory sensors. These theoretical quantities have
not previously been available. Since they do not
correspond directly to a physical, measurable
quantity, the values obtained cannot be validated
directly. Nevertheless, the sensitivity analysis
shows that they vary predictably with variations
in input variables, i.e. the estimate of Fφ is most
strongly influenced by changes in vapour bleed
flow rates and the estimate of FK depends on
parameters associated with the concentration of
juice. The interaction between these two groups of
independent variables was observed to be small.
In many factories, exhaust and vapour bleed
steam are supplied to various locations in the
factory via steam headers. These headers may have
multiple inputs and outputs, making it impossible
to measure flow rates of the heating medium using
a single flow meter. Even if such measurements
are or could be available, the flow rate of vapour
bleeds does not correspond directly with the cost
of raising the vapour bleed. The cost of the vapour
bleed depends on the evaporator station design and
the prevailing conditions in the evaporator station,

B

since its multi-effect design employs fractional
extraction of energy from the energy source before
reuse. The energy consumption model presented in
this paper addresses both these challenges together
since it estimates properties for which there is
no direct measurement available, and which are
directly proportional to the cost of supplying the
exhaust steam.
The energy consumption model is based on a
steady state assumption, i.e. that there is no net
accumulation of heat or mass in the evaporator
station for any set of data. Data analysis from
the two factories suggests that this assumption is
reasonable most of the time, but fails when there are
dramatic changes in conditions over a single data
collection period. In the factory studies, data were
collected as hourly averages. The calculation of Fφ
and FK yielded improbable values for any hour in
which the evaporator station was started from zero
flow or stopped to zero flow (data not shown). All
other data points gave reasonable values for Fφ, and
FK suggesting that the steady state assumption is
good enough for most operating conditions.

Conclusions

Estimates of exhaust steam demand for raising
vapour bleeds and for concentrating juice can
be made from existing factory measurements of
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exhaust steam flow, pressure and temperature,
clear juice flow, temperature and concentration,
evaporator pressure, and final syrup concentration.
The estimates are influenced by the detail with
which a potential condensate flash system is
incorporated into the model. Equations for
Rillieux’s simplification, for no condensate
flash and for simple condensate flash (with no
additional condensate superheat recovery) have
been presented and the results using these models
compared to the most complex case, i.e. with
complete condensate superheat recovery. It was
observed that, for the conditions tested, the simple
condensate flash model will introduce a small bias
in the model outputs. However, the bias arising
from the simplification is probably smaller than
errors arising from measurement uncertainty,
and therefore the simple flash model should be
adequate for most cases.
By splitting the exhaust steam flow into the two
exhaust steam demand terms, the cost of process
heating duties that use vapour bleeds and the cost of
concentrating clear juice of varying concentration
and temperature can be independently estimated.
Application of the energy consumption model to
two factories with substantial design differences
demonstrated that the calculated exhaust steam
demands may be very useful in monitoring and
managing energy consumption.
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Nomenclature
Stream tags

Cj
Condensate from jth effect
CJ
Clear juice to evaporator train
Ex
Exhaust steam to evaporator train
Fj	Flash vapour from the jth effect
condensate
Sj
Concentrated syrup from jth effect
Vj
Vapour produced from jth effect
Vjb
Vapour bleed drawn from jth effect
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Vja	Vapour from jth effect used as heating
medium in the (j+1)th effect
Vjt
Total vapour supplied to the (j+1)th effect
Wj	Residual condensate from the jth effect,
after flashing

Stream properties

Fi
Mass flow rate of stream i [t/h]
hi
Specific enthalpy of stream i [kJ/kg]
Hi
Enthalpy flow of stream i [MJ/h]
Ti
Temperature of stream i [ºC]
Pi
Pressure of stream i [kPa(a)]
xRDS,i 	Concentration of dry solids in stream i
[t RDS / 100 t i]
j
Density of juice in jth effect [kg/m3]

Other properties

j
Thermal efficiency of the jth effect [kJ/kJ]
ΔPj 	Pressure drop between vapour space
and calandria of subsequent effect [kPa]
F 	Exhaust steam for vapour bleeds to
supply process heat to factory [t Ex/h]
FK 	Exhaust steam to concentrate clear juice
to syrup [t Ex/h]
Tsat.water(Pj) 	Temperature of saturated water at
pressure Pj [ºC]
ΔTBPE,j
Boiling point elevation in jth effect [ºC]
Plj 	Average liquid zone pressure jth effect
[kPa(a)]
lj 	Average length of submerged tube in jth
effect [m]
g
Gravitational constant [m/s2]
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Appendix 1.
Definition of terms for steady state evaporator
mass and energy balance

The ratio of enthalpy differences used in all cases are defined
as follows:
						Eq. 16

ℎ$% − ℎ'(
𝑎𝑎 =
𝜂𝜂
ℎ)( − ℎ*( (

𝑏𝑏 =

𝑐𝑐 =

ℎ)( − ℎ'𝜂𝜂
ℎ)- − ℎ*- -

𝑑𝑑 =

𝑔𝑔 =

ℎ1/ − ℎ'2
𝜂𝜂
ℎ)2 − ℎ*2 2

ℎ=

𝑒𝑒 =

𝑖𝑖 =

ℎ)- − ℎ'/
𝜂𝜂
ℎ)/ − ℎ*/ /

ℎ12 − ℎ'4
𝜂𝜂
ℎ)4 − ℎ*4 4

𝑓𝑓 =

𝑗𝑗 =

ℎ$% − ℎ'(
ℎ)( − ℎ'(

ℎ'( − ℎ'+
ℎ)+ − ℎ'+

ℎ'+ − ℎ'ℎ)- − ℎ'-

ℎ'- − ℎ'.
ℎ). − ℎ'.

ℎ'. − ℎ'0
ℎ)0 − ℎ'0

Case 1: Quintuple (5) effect evaporator station with V1 and V2
bleeds and no flash recovery:
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Case 2: Quadruple (4) effect evaporator station with V1 and V2
bleeds and no flash recovery
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With all terms defined in the same way as in Case 1. For any
quadruple effect case, the equations are the same as for the quintuple
effect case, but without the last term in each equation for the mass
and energy balance coefficients equal to zero.

Case 3: Quintuple (5) effect evaporator station with any number of
vapour bleeds and no flash recovery:		
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This general case is identical to Case 1 if FV3b and FV4b are zero, i.e.
for only V1 and V2 bleeds. Similarly, the general case can be adapted
for only one vapour bleed by setting all bleeds except FV1b to zero.
Case 4: Quintuple (5) effect evaporator station with any number of
vapour bleeds and simple flash recovery:
Enthalpy difference terms for condensate flashing are determined
from an energy balance over each flash pot. For the first effect, the
mass flow rate of condensate flash is calculated as follows:
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All terms that are common between this case and the previous
three cases have the same mathematical definition. The following
additional terms are defined for Case 4:
						Eq. 27
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The general case applies to evaporator stations with fewer
vapour bleed streams. These are equivalent to the general case
but with FVjb = 0 for each effect from which bleed streams are
not withdrawn.
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Abstract

Pilot plant studies were carried out to scale up laboratory results reporting on the
ability of powdered activated carbon (PAC) in removing multiple impurities from
sugarcane refinery streams. Clarified refined liquor, at 75 or 80°C was spiked with either 0.5
or 1 ppm of high temperature stable α-amylase and treated with powdered activated carbon
(PAC) at doses of 250, 500, or 750 ppm on a Brix basis. PAC effectiveness to simultaneously
remove color and protein was monitored over 45 min residence time to determine best
performance conditions. Amylase (protein) removal improved with PAC application rate,
with an overall amylase percent removal (across syrup temperatures and amylase doses) of
77.1%, 86.2%, and 87.3% respectively for 250, 500, and 750 ppm of PAC at 45 min residence
time. Highest percent color removal of 37.9%, 42.5% and 55.1%, respectively for color
measured at pH 4, 7, and 9, occurred for 750 ppm PAC and 45 min residence time, across
both liquor temperatures and amylase doses. Significant adsorption of protein and color
compounds occurred readily within the first 20 min. A concomitant decrease in the indicator
value (I.V.) of up to 21% at the 750 ppm PAC dose, was also observed. PAC followed by
filtration with diatomaceous earth was also able to decrease turbidity by 42%.
Keywords: refinery sugar liquor, residual amylase, color, removal, powdered activated carbon
Estudios de plantas piloto para la eliminación simultánea de colorantes y proteínas de un licor refinado
utilizando carbón activado en polvo
Resumen Se llevaron a cabo estudios de plantas piloto para ampliar los resultados de laboratorio que informan
sobre la capacidad del carbón activado en polvo (PAC) para eliminar variass impurezas desde las refinerías de
caña de azúcar. El licor refinado clarificado, a 75 u 80 ° C, se adicionó con 0.5 o 1 ppm de α-amilasa estable a alta
temperatura y se trató con carbón activado en polvo (PAC) en dosis de 250, 500 o 750 ppm sobre una base Brix.
La efectividad del PAC para eliminar simultáneamente el color y la proteína se monitoreó durante 45 minutos
de tiempo de residencia para determinar las mejores condiciones de rendimiento. La eliminación de amilasa
(proteína) mejoró con la tasa de aplicación de PAC, con un porcentaje general de eliminación de amilasa (a través
de las temperaturas del jarabe y las dosis de amilasa) de 77.1%, 86.2% y 87.3% respectivamente para 250, 500 y
750 ppm de PAC en 45 minutos de residencia. El porcentaje más alto de eliminación de color de 37.9%, 42.5%
y 55.1%, respectivamente, para el color medido a pH 4, 7 y 9, se produjo para 750 ppm de PAC y 45 minutos de
tiempo de residencia, tanto a temperaturas de licor como a dosis de amilasa. Adsorción significativa de proteínas
y compuestos de color ocurrió fácilmente dentro de los primeros 20 min. También se observó una disminución
concomitante en el valor del indicador (I.V.) de hasta el 21% a la dosis PAC de 750 ppm. PAC seguido de
filtración con tierra de diatomeas también fue capaz de disminuir la turbidez en un 42%.
Palabras clave: Palabras clave: licor refinado, α-amilasa residual, color, eliminación, carbón activado en polvo
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Introduction

The advent of mechanical harvesting green
sugarcane into billets, the use of chemical ripeners
to lengthen the sugarcane harvesting season,
efficient extraction methods, utilization of new
sugarcane varieties and various environmental
conditions have led to an increase of various
impurities at the factory. These impurities can
include naturally occurring color compounds,
starch, minerals, and reducing sugars and are
considered detrimental in downstream processing
(Eggleston et al., 2017). Several reports give a
very complete characterization of all the processes
that can take place (Davis, 2001; Field, 1997;
Vawda et al., 2014).
Increased starch at the factory has been
addressed using of α-amylases. While
somewhat effective at hydrolyzing starch,
problems arise when high temperature stable
amylases are applied and survive the harsh
conditions at the factories and end up in the raw
sugars and molasses (Eggleston et al., 2013).
Refineries impose penalties for high color and
high starch in raw sugar and if present, will
have to handle residual carry-over activity
of amylases from the raw sugars to the final
refined white sugar.
Utilization of powdered activated carbons
(PAC) is one of the employed technologies for the
decolorization of sugar liquors, due to their high
surface and ability to adsorb various impurities.
Because of the importance of impurities removal to
the sugar industry, mainly color compounds, starch
and residual carry-over amylases, earlier studies
(Eggleston et al., 2014; Lima et al., 2016) have
looked at the use of various commercially available
PACs to remove these impurities in a laboratory
setting. From these studies, a high-performance
PAC with high surface area was identified having
the ability of removing insoluble starch from
raw sugar solutions, in addition to consistently
removing color compounds and residual amylase
from both raw and refinery streams. Residence
time (Rt) with PAC was an important factor for
performance as well as preferential adsorption of
natural occurring colorants versus those formed
during processing. A tentative mechanism for the
removal of the various impurities was provided
(Lima et al., 2016).
Before large industrial trials are conducted, it
is ideal to validate the optimized PAC protocol at
the pilot scale. This can happen when conditions
that lead to maximum adsorption of impurities
are achieved with the least amount of adsorbent
while the separation process (filtration) operates
at the maximum rate possible. This work reports
on data gathered from scale-up experiments with a
batch pilot plant using powdered activated carbon

Table 1: Surface properties of the powdered activated carbon,
PAC used in this study
Surface Area
(m2/g)

Micropore
Volume
(mL/g)

Surface
Charge
(mEq H+/g)

Median
Particle size
(µm)

Mean
Particle size
(µm)

1764±80

0.52

0.94±0.07

78±9

275.1

to simultaneously remove residual amylase,
color compounds, and turbidity from a sugarcane
refinery stream.

Materials and methods
Sample collection and preparation

Sugarcane refinery melt liquor (65 Brix) was
provided by LSR, Louisiana Sugar Refineries
(Gramercy, LA, USA), a local sugarcane
phosphatation refinery and transported to the pilot
plant at the Southern Regional Research Center
in New Orleans, LA in 1,000 kg plastic totes.
Sugarcane liquor samples contained no trace of
carry-over amylase.
Samples of powdered activated carbon (PAC)
were acquired from CarboUA International
(Los Angeles, CA, USA) and RFMTM PAC
was selected due to its high surface area and
superior performance in removal of amylase and
compounds responsible for color (Lima et al.,
2016). In the study, involving five commercial
PACs, it was found that although none removed
all the amylase activity under laboratory
conditions, RFM-JHTM was the most effective
removing 59.4% and therefore, selected for the
scale-up pilot plant experiments (Table 1).
High temperature stable amylase sourced
from Bacillus licheniformis with an activity of
400 KRAU/g (ICUMSA units) and produced by
Novozymes (Franklinton, NC, USA), was and
obtained from Brenntag (Houston, TX, USA).
Filter bags (Eaton Sentinel polypropylene;
Fabricated Filters, St. Rose, LA, USA) with 1
micron pore size and 81.3 cm in length were used
to fit the stainless steel filter cage unit of the pilotplant equipment. Diatomaceous earth FW14 was
utilized as filter aid (FA) (Celatom Filter White;
Ep Minerals, Reno, Nevada, USA), with a median
particle size of 28 µm. FA is used to increase
filtration efficiency and prolong septum life by
preventing clogging and maintaining filtrate clarity
throughout the filtration cycle.

Pilot plant equipment

A detailed description of the pilot plant
equipment, its main components and operation
is given in Lima et al. (2019). Figure 1 shows
a schematic of the Pilot Plant Unit with all its
components. In summary, the equipment is a
stainless-steel pilot-scale replica of a commercial
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decolorization and filtration unit. It includes
insulated feed and receiving tanks with mechanical
stirrers, an indirect heating unit in the former, a
pre-coat tank with agitator, a pump (for pre-coat
and filtration processes), a filter unit, temperature
sensor, flowmeter, valve and pipe assembly,
pressure gauges (at pump discharge and before
and after the filter) and an electric control panel.
The pilot plant was modified to include a 1.27
cm diameter copper heating coil for indirect heat
transfer to the feed tank, utilizing available inhouse steam (5-30 psi; 34 – 689 kPa) (Lima et al.
2019). The impact of process external conditions
such as contact time, pH, temperature, viscosity,
and inhibitor factors, on the impurity removal
performance can be determined.

Pilot plant experiments

The most important factors affecting PAC
performance are PAC dosage, amylase
concentration, treatment (liquor) temperature, and
residence time. For these reasons, the following
variables were incorporated in the study, based
on common industrial practice: PAC additions
of 250, 500, and 750 ppm (on a Brix basis),
high temperature stable (HT) α-amylase (see
the section Quantative protein (amylase) assays)
additions of 0.5 and 1 ppm at liquor temperatures
of 75 and 80°C, and residence times of 20, 30,
and 45 min. Although long residence times are
not practical on an industrial setting, residence
times were extended for the purpose of gauging
PAC kinetics performance. In retrospect,
sampling at times shorter than 20 minutes would

Figure 1: Schematic Drawing of the pilot plant. Liquids are
pumped via centrifugal feed pump. Pump is also used to pre-coat
filter with PAC and filter aid. Through pressure filtration, filter unit
removes adsorbent and body feed added to receiving tank

be preferred, however, preliminary studies
showed high variability at early sampling times
due to lack of steady state at the beginning of
each run until 15 to 20 minutes. Each experiment
included a single set of conditions (PAC dose,
amylase dose and temperature) for a total of
twelve separate experiments.
For each batch experiment, approximately
150-200 L of sugarcane refinery liquor was
pumped into the feed tank and heated to the target
temperature (75 or 80°C) with constant stirring.
At the same time, 337 g of diatomaceous filter aid
(FA) were added to the mixing tank previously
filled with water for a recommended 1 kg of FA
per m2 of filter surface area (0.337 m2) to provide
ideal filtration coating. Valves were set to allow
for the mixture of water and FA to recirculate
through the filter column until complete coating
of the filter bag. Upon reaching the target
temperature, liquor was spiked with a known
amount of amylase (amounts used were similar to
what is typically found in industry). Amylase was
added to the feed tank via a syringe and allowed
to mix thoroughly for a couple of minutes. At
that time, a sample of liquor (untreated control)
was collected from the feed tank and PAC was
immediately added (time = 0) to the feed tank with
an equal amount of FA. The outlet valve of the
feed tank was opened, and the pump was turned
on to circulate the liquor through the system
from the feed tank to the filter tower and to the
product tank where it was collected at set intervals.
Pressure and flow rate throughout the system and
feed tank temperature were monitored over time
to ensure they remained within safe limits. Treated
sugarcane liquor samples were immediately iced
and refrigerated until analysis. The ability of PAC
to remove various impurities was measured by
comparing exit samples with the control.

Sample analysis

All chemicals were analytical grade. Buffered
calcium chloride-Tris buffer solutions were
prepared as detailed in Eggleston et al. (2014).
Quantitative protein (amylase) assays
Amylase measurements were carried out in two
ways. One quantified amylase activity (Phadebas
Method®) and the other one quantified total protein
(Bio-Rad Colorimetric Bradford assay). The
Phadebas Method® specifically developed for the
sugar industry, is described in detail in Eggleston
et al. (2013). Total protein was quantitatively
assayed using a Bio-Rad protein colorimetric
assay (Bio-Rad Laboratories, Hercules, CA,
USA). This assay is based on the Bradford dyebinding method with a color change of Coomassie
brilliant blue G-250 dye in response to protein
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Brix, pH, color, turbidity, and starch
Brix measurements were done using an Index
Instruments (Kissimmee, FL, USA) TCR 15-30
temperature-controlled refractometer accurate
to ± 0.01 Brix, and results were expressed as an
average of triplicates. A Thermo Orion pH meter
(Beverly, MA, USA) was used to measure pH.
Absorbance of liquor samples at pH 7
was measured in a Shimadzu UVmini-1240
Spectrophotometer (Kyoto, Japan) at 420 nm
and color was calculated according to the official
ICUMSA method GS2/3-9 (1994). Samples were
first diluted 50:50 in 0.1 M triethanolamine/
hydrochloric acid buffer (pH 7) and filtered
through a 0.45 µm filter. Color was also measured
at pH 4 and 9 by adjusting the buffer to either
pH (using HCl or NaOH). The Indicator Value
(I.V.) was calculated as the ratio of color at pH 9/
pH 4. Each buffer combination was prepared in
triplicate. Buffer/sample dilutions were adjusted
to 9:1 if color measurements were found outside
ICUMSA color range (i.e. above 2000 ICUMSA).
Turbidity was measured using a Hach
Nephelometer (Model 2100N, Loveland, CO,
USA). Turbidity is measured via light scattering
and the instrument is calibrated daily prior to
measurements. Samples were diluted 1:3 with DI
water prior to testing and results were expressed
in nephelometric turbidity units (NTU) taking
dilution into account.
Statistical analysis
Experimental data were tabulated and analyzed
using SAS version 9.4 software (SAS Institute,
Cary, NC). The data were analyzed as a mixed
model with PAC dosage, PAC residence time,
syrup temperature and amylase concentration
as fixed effects and replication as the random
effect. The analysis of variance was conducted for
each dependent variable using Proc Mixed and
means were separated using the PDIFF option
with the SAXTON macro set to the P=0.05 level
(Saxton, 1998).

Results and discussion

Because of its high surface area and potential
wettability difficulty, it was of interest to

determine whether there were differences in PAC
performance when added either in powder form
or as a slurry (15%). Separate preliminary PAC
addition runs revealed that no differences were
detected in PAC ability to remove either impurity
by mode of addition. The small particle size of the
PAC, the temperature of the slurry (and indirectly
a low liquor viscosity), and effective mixing
conditions contributed for quick dispersion of
PAC within the liquor. This led to the swift contact
between PAC micropores and the impurities
in the liquor and demonstrated that in terms of
performance and under the specified conditions,
PAC can be added as is.
Digital microscope inspections of PAC treated
liquor samples post filtration were negative for
the presence of PAC particles, demonstrating
that the filter media (1 micron filter bag and
FA) were effective at retaining PAC. Particle
size distribution analysis showed that both PAC
and FA particles ranged between 5 and 300 µm
and had a median size of 43.5 µm and 22 µm,
respectively. The less than approximately 1 µm
fraction improves decolorizing performance due to
improved kinetics and surface area but can present
filtration problems due to the need for finer size
filter-aid and higher dose rates which impact the
loading capacity (Vercellotti et al., 2010).
Amylase activity data was measured for all
experimental conditions (liquor temperature 75
and 80°C; PAC concentration of 250, 500, and 750
ppm, and amylase concentrations of 0.5 ppm and
1.0 ppm). Results demonstrated that the residual
amylase activity systematically decreased with
PAC addition, however, data were not consistent.
Phadebas® tablets are comprised of an insoluble
cross-linked starch polymer covalently linked to a
blue dye that serves as an indicator of α-amylase
activity on endo-1,4--glycosidic bonds. The
advantage of this test is that it is specific for
amylase but the very low amylase activity makes
it hard to detect even with Phadebas tablets
(Eggleston et al., 2013). Additionally, it is
currently not known if color compounds and other
impurities (carbohydrates, other enzymes) present
in the liquor can potentially cross-react with the
tablets and therefore give false readings.
Besides amylase, the presence of other
non-amylase proteins in the liquor is probable.
Dextranases, for instance, are known to be added
at factories (Eggleston & Triplett, 2017). Protein
amounts, therefore, reflect not only amylase
protein (as added), but also other proteins
originally present in the liquor prior to spiking.
Liquor protein concentration averaged 4.4 ± 1.0
µg/mL before amylase addition. After amylase
additions of 0.5 ppm and 1.0 ppm, protein
concentration averaged 5.8 ± 1.1 and 6.4 ± 1.1

DeawSS I Shutterstock

concentration where protein binds to primarily
basic and aromatic amino acid residues (Bradford,
1976). Although this assay estimates total protein
amounts, the concentration reported via this assay
should be reflective and sensitive to differences
in amylase due to sample spiking. Bovine serum
albumen (BSA) standard was used to create the
standard curve at 595 nm absorption. Results are
expressed in protein concentration (µg/mL) as an
average of duplicates.
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Figure 2: Protein removal by PAC over treatment time.
Processing conditions: ppm PAC – ppm amylase – Temperature
(ºC). Protein concentration (µg/mL) was normalized by dividing
by original concentration before PAC addition

Table 2: Percent protein removal as a function of PAC dosage
for an amylase concentration of 0.5 ppm (mg/kg) and syrup
temperature of 75°C
Time, min

20

ppm PAC

30

45

Protein Removal, %

250

64.4

68.4

79.2

500

88.1

92.7

91.0

750

97.1

100.0

100.0

µg/mL, respectively. Using the amylase activity
assay specific to this enzyme, on laboratory
prepared refinery liquors (no interference from
color compounds), earlier studies by Lima et al.
(2016) showed that PAC effectively removed
residual amylase. For this reason, protein removal
confidently reports both amylase added as well
as other protein present in liquor. Because protein
diffusion and adsorption rates depend on protein
concentration and type (Garke et al., 1999), it is
expected that the different proteins present in the
liquor will interact differently with the PAC. The
different protein affinities for the surface of the
carbon will depend largely on the structure of the
molecule itself.
An analysis of variance (ANOVA) was
performed to establish the effects of PAC dosage,
PAC residence time, syrup temperature and
amylase concentration on both color and protein
adsorption by PAC. Overall, protein percent
removal was not significantly affected by either
syrup temperature or amylase addition, but PAC
residence time had a significant effect on protein
adsorption at the 5% level. From least square
means analysis it was found that protein contents
at any time post PAC treatment (20, 30 and 45)
were significantly lower than those before PAC
addition. Protein adsorption by PAC occurred
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readily within the first 20 min and, no significant
(5% level) protein adsorption occurred after
this time. High kinetic rate constants for BSA
adsorption onto carbon-based materials were
reported by Seredych et al. (2018) with adsorption
occurring largely within the first 5 to 10 min.
Overall protein removal rates averaged over all
test conditions were 81±14, 84±13, and 83±16
respectively for 20, 30 and 45 min residence time
(percent data calculated as compared to the spiked
control protein levels before PAC treatment).
Removal rates of approximately 55% and 81%
for amylase protein only at 20 and 40 minutes
residence time, respectively were observed in prior
laboratory studies (Lima et al., 2016). It is not
known if PAC preferentially adsorbs other proteins
over amylase or moreover if proteins compete for
adsorption sites.
Protein content (including added amylase)
consistently decreased at all PAC application rates
as compared to initial values before treatment
(Figure 2). Close inspection of normalized protein
concentration (as compared to control) post PAC
addition revealed additional protein adsorption
when increasing PAC rates from 250 to either
500 or 750 ppm dose, however, no significant
additional protein was removed from 500 to 750
ppm PAC dose. Dizge and Tansel (2011) utilized
model synthetic solutions of varying carbohydrate
to protein ratios (C/P) to model wastewaters and
measure impact of activated carbon addition in
protein and carbohydrates adsorption efficiency
and kinetics. Protein removal efficiencies after
addition of 500 ppm of activated carbon were 43.4
mg/g of carbon for a carbohydrate/protein ratio of
3. Protein adsorption was lower in our study with
values ranging from 7.1 to 19.5 mg / g PAC for
the same 500 ppm PAC dosage. While their study
utilized model solutions containing bovine serum
albumin and glucose, the study herein reported
utilized real syrup samples containing several
other compounds that can potentially compete in
the adsorption process.
For a liquor temperature of 75°C and 0.5
ppm amylase, 750 ppm of PAC removed 100%
of protein within 30 min. However, complete
protein removal was not observed at either 80°C
liquor temperature or 1 ppm of amylase. This
was not expected and possibly is the result of low
precision of the protein analysis. A slightly better
protein removal at 75°C was observed than at
80°C, but no definite trend was clear, as results
were not consistent and therefore differences not
statistically significant at the 5% level. Because
liquor viscosity decreases with temperature, it
would be expected that higher liquor temperature
improves adsorption kinetics by enhancing
transport and diffusion of protein molecules within
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the PAC pores. However, a 5°C difference might
not be significant to impart changes in adsorption
based on viscosity alone. On the other hand, higher
temperatures over time contribute to additional
color formation (Martins et al., 2000) and those
color compounds might compete with amylase for
adsorption sites within the PAC.
When doubling amylase dose from 0.5 ppm to 1
ppm, different trends were observed depending on
PAC application rates, with low PAC concentration
(250 ppm) being less affected by initial amylase
concentration than high PAC (750 ppm), with
respect to protein removal. Overall, across all PAC
doses and liquor temperatures, PAC was as effective
at removing 1.0 ppm amylase as it was at removing
0.5 ppm. It is likely that these concentrations are
well within PAC’s adsorption capacity towards
amylase. Table 2 summarizes the protein removal
on a percent basis for a liquor temperature of 75°C
and amylase dose of 0.5 ppm.
As predicted, protein removal rates improved
with PAC dose, with an overall amylase removal
(across all residence times and amylase doses) of
81.8%, 84.8% and 94.0% respectively for 250, 500
and 750 ppm of PAC, at 75°C.
In addition to amylase removal, PAC also was
able to remove color compounds.
Laboratory experiments with refinery melt
liquor showed a color removal of 30.5% for
292 ppm PAC, 60 min residence time and 85°C
temperature, and not a significant increase from
a 30 min residence time. However, a significant
increase of color removal (71.2%) occurred from
30 to 60 min residence time when PAC application
rate increased to 584 ppm (Lima et al., 2016). The
ability of PAC to remove color compounds was

investigated in the pilot plant and results of color
removal are displayed in Table 3.
Removal of colorants can be more challenging
than that of amylase, because of the enormous
variation in colorant types present in sugarcane
liquors, degree of ionization, polarity, and
molecular weight, which all affect color removal
efficiency by PAC. Color compounds formed
during processing are best detected by measuring
color at low pH values while native color
compounds are better detected at pH>7 values
(Davis, 2001; Riffer, 1988). To estimate relative
contribution of natural versus processing colorants,
as well as determine if PAC preferentially removed
either color type, color was measured at pH 4, 7
and 9. As expected light absorbance, representative
of color, increased with pH from 4, to 7 to 9,
with initial liquor colors at 482±82, 637±98, and
1361±166, respectively for pH 4, 7 and 9. PAC
preferentially removed more color measured at
pH 9 than color measured at pH 4 (Table 3).
Color was significantly affected (P<0.0001) by
PAC residence time and dose as well as syrup
temperature, at all pH levels. Overall, color
removal increased with PAC application rate
and residence time, with highest percent color
removal for 750 ppm PAC and 45 min residence
time, of 37.9%, 42.5% and 55.1% for color
compounds at pH 4, 7 and 9, respectively, across
both temperatures and amylase doses (Table 4).
As expected, the greatest color removal
(42.5%) occurred at 750 ppm PAC for 45 min
retention time. Additional color removal would be
expected beyond the 45 min run time, however,
it would be impractical at a refinery to afford that
much treatment time. It must be noted that typical

Table 3: Effect of PAC dose and retention time on color removal (percentage of initial concentration
before PAC addition) measured at different pH values. Color removal was affected by PAC dosage and
to a lesser extent by temperature and residence time
Color Measurement pH
PAC (ppm)

amylase
(ppm)
0.5

250
1
0.5
500
1
0.5
750
1

Temp (°C)

pH 4

pH 7

20 min

45 min

20 min

pH 9
45 min

20 min

45 min

75

21.3

22.6

8.5

11.8

16.5

20.9

80

16.2

21.2

33.9

37.6

28.2

33.6

75

15.9

22.9

14.4

21.1

19.9

25.0

80

13.9

18.7

10.9

20.2

19.7

23.2

75

26.0

31.3

26.3

32.5

32.6

39.7

80

27.8

33.0

29.6

34.0

36.5

39.1

75

34.0

38.9

33.1

39.3

37.1

44.5

80

24.2

29.7

24.0

29.8

36.0

41.2

75

28.2

35.8

30.2

42.5

41.8

55.1

80

32.5

37.9

31.7

32.4

38.1

46.4

75

15.9

27.7

15.3

29.0

37.2

48.4

80

29.9

35.9

30.1

36.6

32.7

43.2
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activated carbon doses of 600 to 1200 ppm are
recommended to remove 40 to 80% color from
refinery liquor (Anon., 2014).
Although color measurements were only
done at PAC residence times of 20 minutes or
larger, it is known that adsorption happens readily
particularly with powdered activated carbons
with large surface areas and small particle size
distribution for enhanced kinetics. Just like for
protein, adsorption of color compounds happened
readily within the first 20 minutes. Syrup color
decreased significantly within the first 20 minutes
after PAC addition for pH 4, 7, and 9, after which,
additional decreases in color were not significant
at the 5% level. The only exception was observed
for color at pH 9 where the significant additional
color decrease was observed between 20 and 45
minutes exposure with PAC. In terms of PAC
dose, 750 ppm application rate of PAC led to
significantly more color removal than 250 ppm
for pH 4, 7 and 9 color compounds. No significant
differences were denoted between 250 and 500
ppm PAC additions and 500 ppm and 750 ppm
PAC additions at the 5% significance level for
compounds at pH 4 and 7. At pH 9, significant
increased adsorption with each PAC increment
was observed (5% level of significance). This
confirms PAC preference for color compounds

Table 4: Lowest and highest color removal at 45 min
residence time. Color was measured at various pH values
Color Removal (%)
pH 4

pH 7

pH 9

min

13.9

10.9

16.5

max

37.9

42.5

55.1

measured at pH 9 over those at pH 4 or 7. The
effect of liquor temperature on color removal was
unclear and no significant color changes were
determined as affected by syrup temperature.
Adsorption of color is likely enhanced at higher
liquor temperatures due to lower viscosity,
however, higher temperatures also can lead to
additional color formation, particularly over
time. These opposing forces are likely the
reason no clear trends were observed for liquor
temperature and removal of color compounds
by PAC. Additionally, it is possible that a 5°C
difference was not significant enough to impart
observable changes, within these experimental
conditions. Color was readily removed at the 20
min residence time, with 80% average of total
color removal observed (during the 45 min runs)
within the first 20 min.
Color indicator value (I.V) was calculated as
the ratio of color at pH 9/pH 4. Table 5 displays
I.V. values as function of processing conditions.
Flavonoids and phenolics are cane-derived
color compounds, that are smaller in size and
pH sensitive, while polymeric colorants such as
melanoidins, caramels, and alkaline degradation
products of fructose and glucose, are polymeric
type compounds formed during processing and
with lower I.V. values (Smith, 1964).
Across all PAC concentrations, average I.V.
values decreased with PAC treatment, from
2.85±0.29 before PAC treatment to 2.52±0.34,
and 2.48±0.29, respectively at 20 min and at
45 min after PAC. This further indicates that
PAC selectively removes cane-derived phenolic
colorants. Average I.V. values at the 45 min
residence time ranged from 2.59, 2.45 and
2.40 respectively for 250, 500 and 750 ppm

Table 5: I.V. values (color at pH 9/color at pH 4) before PAC addition and after PAC addition as function
of processing conditions
I.V.
PAC (ppm)

amylase (ppm)

0.5
250
1
0.5
500
1
0.5
750
1
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Temp (°C)

Before
Treatment

20
min

45
min

75

2.46

2.04

2.52

80

2.98

2.55

2.51
2.60

75

2.68

2.55

80

2.90

2.70

2.74

75

2.87

2.62

2.52

80

2.91

2.56

2.65

75

2.58

2.45

2.34

80

2.73

2.30

2.28

75

3.38

2.74

2.36

80

3.15

2.89

2.72

75

2.42

1.81

1.73

80

3.16

3.04

2.80
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of PAC. This was further evidence that PAC
removes phenolic colorants because there was a
concomitant decrease in the I.V. value of 5.5, 11.7
and 21%, respectively for 250 ppm, 500 ppm and
750 ppm of PAC. The higher affinity of the PAC
towards phenolic and flavonoid colorants had been
previously reported in laboratory studies (Lima et
al., 2016).
In addition to amylase and color removal,
it was of interest to determine whether PAC
in conjunction with filter aid and 1 micron
filtration was able to also decrease turbidity.
Refinery liquors, having already gone through
clarification, have much lower levels of turbiditycausing particles than melt liquors. These can
be non-sucrose impurities such as proteins,
polysaccharides, waxes, bagacillo and inorganic
materials (Eggleston et al., 2012). Higher
turbidity liquors will have a negative impact
on the evaporator with increased deposition of
scale particles leading to decreased heat transfer.
Turbidity in nephelometric turbidity units (NTU)
was measured in the liquor samples before and
after PAC treatment (Figure 3).
On average, PAC was able to consistently
reduce turbidity by 41.2%. Turbidity removal by
PAC occurred irrespective of PAC application
rate, and in fact increasing PAC to 500 or 750 ppm
application rate did not lead to additional turbidity
reduction. Moreover, turbidity was reduced during
the first 20 min of residence time, with additional
decrease in turbidity occurring up to 45 min.
Although large particles are typically removed
during clarification, additional treatment with
activated carbons has been known to offer a better
optical appearance by removing surface active
agents and colloidal substances, enhancing surface
tension, and decreasing viscosity (Bansal and
Goya, 2005). The observed decrease in turbidity

by PAC is likely the combination of various
factors, including simultaneous adsorption of
impurities leading to an increase in liquor clarity
as well as non-adsorption related entrapment
of larger particles that can also contribute to
turbidity. When large amounts are present, these
particles can also deactivate the PAC by fouling.
It is important to mention that the observed
decrease in turbidity was also promoted by the
filtration unit (filter bags/filter aid). Vercellotti et
al. (2010) demonstrated that PAC performance
can be significantly improved in pre-filtered
liquors as the microparticulates can interfere with
the adsorption of organic type compounds (e.g.
colorants, enzymes).
From pilot plant results, an optimized PAC
protocol can be developed for the large-scale
by applying to melt liquor streams at a refinery
to achieve maximum adsorption of impurities
with the least amount of adsorbent while the
separation process (filtration) operates at the
maximum rate possible.

Conclusions

Scale-up studies using a filtration system pilot
plant confirmed that decolorization and protein
removal efficiency by PAC were mostly affected
by PAC dosage and contact time. The smallscale pilot plant permitted data gathering in
a larger setting than laboratory testing giving
valuable information to sugarcane refineries
trying to remove impurities from their high color
liquor streams.
PAC removed between 64% and 100% of total
protein from the refinery liquor and up to 55% of
color compounds at pH 9 for a 750 ppm dosage.
Confirming earlier lab studies, PAC preferentially
removed cane-derived phenolic colorants at pH 9
over process derived colorants at pH 4. A 42.1%

Figure 3: Turbidity removal by PAC over treatment time. Processing conditions:
ppm PAC – ppm amylase – temperature
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reduction in turbidity by PAC was observed
irrespective of PAC dose.
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Abstract

The corn-ethanol industry’s two-step enzymatic process converting corn starch
to fermentable sugars, can as well be applied to the starch entering with cane the
standard sugar-ethanol process. Starch is converted to low molecular weight dextrins in
the juice clarifiers with high–temperature -amylase, providing the well-known benefits
in sugar recovery, while the dextrins are hydrolyzed with glucoamylase to fermentable
sugars and converted to ethanol downstream in molasse fermentation. In a series of
laboratory tests, commercial enzymes were found effective on purified cane starch as well
as on the residual starch in industrial vinasse samples, two nearly sugar-free substrates
where HPLC analysis can detect the small increments in glucose and maltose from the
enzymatic action on starch. In several well-controlled fermentations of molasses from
various Tucuman sugar mills, with and without glucoamylase, the ethanol yield increased
by 0,7% with respect to the standard enzyme-free fermentation. This agrees well with
the potential gain estimated from the usual starch levels in cane juice. The 6 % ethanol
gain reported recently in fermentations of Egyptian cane molasses was not confirmed.
However, even with the smaller gain obtained in this work, the cost of the glucoamylase is
likely much less than the value of the additional ethanol produced.
Keywords: cane molasses, ethanol, fermentation, α-amylase, glucoamylase, starch
Conversión del almidón de caña de azúcar en azúcares fermentables en la fermentación de melaza
Resumen El proceso enzimático de dos pasos de la industria del etanol de maíz que convierte el almidón en
azúcares fermentables, también puede aplicarse al almidón que ingresa con la caña en el proceso estándar
de azúcar y etanol. El almidón se convierte en dextrinas de bajo peso molecular en los clarificadores de
jugo empleando α-amilasa a alta temperatura, lo que proporciona los beneficios bien conocidos en la
recuperación de azúcar, mientras que las dextrinas se hidrolizan con glucoamilasa en azúcares fermentables
y se convierten en etanol durante la fermentación de melaza. En una serie de pruebas de laboratorio, se
descubrió que las enzimas comerciales son eficaces en el almidón de caña purificado, así como en el
almidón residual en muestras de vinaza industrial, dos sustratos con concentración muy baja de sacarosa
donde el análisis por HPLC puede detectar los pequeños incrementos de glucosa y maltosa por la acción
enzimática en el almidón. En varios ensayos de fermentación bien controlados, empleando melazas de varios
ingenios azucareros de Tucumán, con y sin glucoamilasa, el rendimiento de etanol aumentó en un 0,7% con
respecto a la fermentación estándar libre de enzimas. Esto concuerda con el incremento potencial estimado
a partir de los niveles habituales de almidón en el jugo de caña. El 6% de aumento de etanol reportado
recientemente en fermentaciones de melaza de caña en Egipto no fue confirmado. Sin embargo, incluso con
el pequeño incremento en el rendimiento alcohólico obtenido en este trabajo, el costo de la glucoamilasa es
probablemente mucho menor que el valor del etanol adicional producido.
Palabras clave: melaza de caña, etanol, fermentación, α-amilasa, glucoamilasa, almidón
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Introduction

α-Amylase is frequently used to deal with the
negative effects of starch in sugarcane processing,
traditionally at intermediate temperature in the
evaporators and sugar pans, or more recently (1)
also earlier in the process, at higher temperatures
in the juice clarifiers and mud filters. There, the
lower Brix and relatively long residence time
provide suitable environment for the hightemperature α-amylases which are produced in
large volumes for the corn-ethanol industry.
In the corn-to-ethanol process, starch is
first liquified by heating and then dextrinized
at 95 to 105 °C with the high-temperature
α-amylase (Figure 1). After that, at about 50 –
60°C the short-chain dextrins are converted to
fermentable sugars with glucoamylase, another
of the amylolytic enzyme family. The objective
of this work was to determine whether the
same concept could be economically applied
to cane processing, converting cane starch to
dextrins in juice clarifiers while deriving all
the benefits from starch-free sugar process, and
then hydrolyzing the dextrins to fermentable
sugars downstream in molasses fermentation. In
cane, starch comes at levels mostly within the
200 – 600 mg/L juice range (1), or about 0,1 to
0,3 % of sucrose in cane, depending on the cane
variety, maturity and the amount of green trash
processed with the cane. If for instance one-third
of the sugar in incoming cane is fermented to
ethanol, and no starch is lost in the sugar process,
the starch equals 0,3 to 0,9% of fermentable
sugars entering the ethanol process. In the
standard raw sugar production, some 20 – 40 %
of starch is lost in filter cake, a smaller amount in
raw sugar, and the rest carries over to molasses
and, eventually to vinasse. The expectation
is that if starch is completely converted in
clarification to low molecular weight dextrins,
its “loss” in filter cake will be reduced to a level
comparable percentage-wise with sucrose, that
means nearly eliminated, thus making more of it
available for downstream conversion to ethanol.
The same is expected for starch that is lost in raw
sugar in the standard operation, as is well known
that the entrainment rate for any impurity in
sugar crystallization increases with its molecular
weight or size.
Fadel et al. (3) recently explored the same
concept, with the difference that all the enzymes,
α-amylase, glucoamylase, dextranase and
cellulase were added in molasses fermentation.
The ethanol yields reportedly increased by about
6% from the combined effects of α-amylase and
glucoamylase. However, this increase seems very
high considering the common starch levels in
cane juice (see later). The tests were apparently

Figure 1: Two-step conversion of starch, a mixture of amylose
and amylopectin to shorter glucose-chain dextrins and,
eventually to fermentable mix of mostly mono-, di- and trisaccharides. Each circle represents one glucose unit. Adapted
from ref. (2)

limited to only one molasses sample and no
statistical evaluation was attempted.
Figueira et al (4) studied susceptibility of
various starches, including sugar cane starch
to several amylolytic enzymes. The product
of enzyme hydrolysis (reducing sugars) was
characterized with a colorimetric method and
paper chromatography. Although the tests
did indicate that gelatinized sugarcane starch
showed susceptibility to glucoamylase, highest
among the tested starches, no information was
provided regarding the reaction kinetics or the
composition of the final product.
In its specifications, a commercial
fermentation additive, Effymol+ marketed
by Praj Industries Ltd (5), claims converting
“non-fermentable carbohydrates to fermentable
sugars”, implying also a possible polysaccharidehydrolyzing enzyme activity. The purported
ethanol gain of 5 to 15 liters per ton of molasses
corresponds roughly to a 2 – 6 % ethanol gain,
although in this case the claimed effects may
come from a combination of added nutrients and
antimicrobial and yeast-inhibiting activity which
are also listed among the product’s functions.
The action of α-amylase in the sugar process
and its benefits are well documented in the
sugar literature and was not an objective in the
present tests. On the other hand, the activity
at the conditions of molasses fermentation of
commercial glucoamylases (Figure 1) with a
temperature optimum 50 – 60 °C that had been
optimized for much higher corn-starch purities,
has not yet been well documented. Fadel (3)
reported only the final ethanol concentration, with
and without enzymes, without any more detailed
study of the cane starch conversion, as was
attempted in this program.
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Materials and methods

Samples of vinasse for the enzymatic and molasses
for the fermentation tests were from various
Tucuman mills. Cane starch was isolated from
cane freshly pressed at EEAOC, by repeated
centrifugation in 50 mL plastic centrifugation
tubes. Crude starch was resuspended in cool water,

Figure 2: The experimental design of the fermentation tests,
each test consisting of duplicate control (addition of water)
and treatment (addition of the diluted glucoamylase enzyme)
fermentations

Figure 3: Cane starch, solubilized (top), dextrinized (middle)
with the high-temperature -amylase (100 mg/L /95 °C / 1 hour)
and saccharified (bottom) to mostly fermentable sugars with
glucoamylase (100 mg/L / 35°C / 30 minutes)
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centrifuged again and dried at room temperature.
The purified starch was liquified by keeping its
water suspension at 95 – 100 °C with stirring for
one hour, then dextrinized at the same temperature
with the high-temperature α-amylase for another
hour, then saccharified with glucoamylase for 30
minutes at 35 °C. Same procedure was applied to
vinasse samples from several Tucuman distilleries.
Starch in juice, molasses and vinasse was
determined with the modified iodine method
used routinely at EEAOC (6). An HPLC (highperformance liquid chromatography) system
consisting of an Waters’ Alliance®e2695
separation module with a Sugar-Pak I Ca-form
cation-exchange- based column and a 410
refractive index detector was used for monitoring
the kinetics of starch hydrolysis, determination
of total fermentable sugars in molasses (1,05 x
sucrose + glucose + fructose) and the analysis of
the final wine.
All enzyme treatments were done with
two enzymes: a commercial high-temperature
α-amylase (Sugazym HiTaA L) for the sugarcane
industry produced from a selected strain of
Bacillus licheniformis, and a fungal glucoamylase
(Sugazym GA 14400 L) for the corn industry
from the same provider (7) produced by
submerged culture of Aspergillus niger. The
amylase treatment was done at 95 – 100 °C in the
enzymatic tests with cane starch and vinasse, and
at about 85 °C on 30 Brix molasses prior to the
fermentation tests. The glucoamylase treatment
was done at 35 °C in the enzyme kinetics tests,
and 30 or 33 °C during molasses fermentations.
Fermentations were carried out for about 20
hours, in 500 mL Erlenmeyer flasks (Figure 2)
double-capped with aluminum foil, in a constant
temperature orbital shaker set at 30 or 33 °C
and 100 rpm. Neither the fermentation medium
nor the glassware were sterilized, only the
fermentations flasks were dried prior to the tests
at 105 °C for several hours. The yeast cream was
prepared using a commercial fresh baker’s yeast
(8) and water acidified with H2SO4 to pH 2. No
fermentation supplements were used.
To approximate the industrial process where
starch would be hydrolyzed in juice clarification,
500 mL of 30 Bx molasses were dextrinized
with 10 mg/L of α-amylase at 80 – 90 °C for 1
hour, then cooled to room temperature, before
adding the yeast cream. Each fermentation test
consisted of duplicate control and GA treatments.
Maximum effort was exercised to assure equal
quantity of yeast to prevent yeast settling, and
precisely measured additions of water (control)
and of the 1 mg/mL dilute glucoamylase solution
(a 10 mg/L dose) in each of the four flasks. After
fermentation, the cells were removed with a
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laboratory centrifuge, and ethanol quantitatively
recovered by atmospheric pressure distillation
of 25,0 mL of the supernatant in a Buchi K-375
Kjeldahl apparatus (3 min distillation at 50%
steam setting). About 40 mL of the distillate was
recovered in 50 mL precision volumetric flasks,
water added to mark, and its density at 20 °C
determined with a Rudolph DDM2911 precision
density meter. The OIML tables (9) were used to
calculate the final ethanol content in the wine.

fermentable sugars at the conditions of time and
temperature mimicking molasses fermentation. As
the retention time of maltose is just slightly longer
than sucrose (10), the two peaks are not resolved
in the bottom chromatograph and are integrated as
one. 880 mg/L maltose and 530 mg/L glucose were
produced, for a total fermentable sugar gain of 1410
mg/L vinasse. The identical treatment on several
industrial vinasse samples produced glucose gains
ranging from 15 to 800 mg/L (not shown).

Results
Enzyme hydrolysis of cane starch

Simultanous starch saccharification
and fermentation of cane molasses

The course of cane starch hydrolysis is easiest to
follow in a simple system without any interfering
components. To that effect cane starch was isolated
and enzyme treated as described in Materials and
Methods. The three chromatograms in Figure 3
correspond to the three phases of starch hydrolysis:
starch liquified in water at boiling temperature,
dextrinized with α-amylase and saccharified with
glucoamylase, at very high dose (100 mg/L) of
the respective enzymes. In the final product, seven
peaks can be identified; from the right: glucose,
maltose, maltotriose, dextrins with DP (degree of
polymerization) 4, 5, and 6 (and > 6), and a trace
component (labeled A in table 1) at the shortest
retention time in the saccharified product. In
absence of the standards, dextrin identification is
only tentative. For quantifying all peaks (Table 1),
the response factor of glucose was used.
A complex multicomponent matrix such
as cane molasses presents a more complicated
situation, both from the analytical standpoint as
well as for possible inhibition of the enzymes
from the excess of ash, polyphenols and other
colorants, organic acids, etc. An excess of sucrose
and glucose in cane molasses prevents detection
of small increments of glucose and maltose
that almost coelutes with sucrose on the SugarPak I column. To test for any possible enzyme
inhibition, industrial cane vinasse was used, with
impurity levels even higher than in molasses but
with almost no residual sugars to interfere with the
HPLC analysis.
The example in Figure 4 and Table 2 shows
the enzymatic treatment of vinasse, documenting
that even in this complex matrix and at reasonable
enzyme doses, starch can be converted to

The starch conversion (determined with the
iodine method) by the high-temperature
α-amylase on 30 Brix molasses at 85 °C as
described in Materials and Methods was about
85%. This is less than had been found in our
other α-amylase tests in cane juice clarification
at 95 – 100 °C, at the same treatment time but

Figure 4: HPLC chromatograms of vinasse treated with 5
mg/L -amylase at about 95 °C (top chromatogram) and the
same vinasse after additional saccharification with 10 mg/L
glucoamylase at 35 °C

Table 2: The composition of a vinasse sample before and after
glucoamylase treatment (chromatograms in Figure 4)
Concentration, mg/L
Sucrose + maltose
Glucose

Before

After

Gain

910

1790

880

1480

2010

530

Table 1: Concentrations (mg/L) of the seven identifiable components in the HPLC chromatograms from
Figure 3
A

DP6+

DP5

DP4

maltotriose

maltose

glucose

total

liquified

0

955

0

0

0

2

5

962

dextrinized

0

328

326

74

156

160

51

1092

saccharified

3

149

53

33

18

276

674

1206
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consistent with those reported in Table 3.
Although optimizing the fermentation was
not the objective of the present work, the total
fermentable sugars (TFS) in the molasses at start
of fermentation were nevertheless measured and
the yields of ethanol and glycerin calculated on the
TFS basis. The average TFS of the molasses was
70 % Brix, and the average ethanol and glycerin
yields were 40 and 6 grams per 100 grams TFS,
respectively. Starch in the seven molasses samples
used in the fermentations ranged from 0,2 to 0,6
% Brix.

Discussion

Table 3: Control and glucoamylase-enhanced fermentation
tests with seven industrial final molasses. The ethanol and
glycerin yields are averages from duplicate fermentations tests
Test

Molasses

Glucoa-mylase
mg/L

TFS
Ethanol
g/100 mL mL/100mL

Glycerin Ethanol
g/100mL gain %

7

A

0
10
20

14,7

7,32
7,35
7,37

0,92
0,62

0,4
0,7

9-A

B

0
10

12,3

6,16
6,18

0,57
-

0,3

9-B

C

0
10

12,8

6,18
6,20

0,46
-

0,3

11-A

F

0
10

14,9

8,31
8,41

1,17
1,13

1,2

11-B

G

0
10

15,3

8,38
8,45

1,04
1,05

0,9

12-A

H

0
10

12,3

5,87
5,96

0,76
0,80

1,6

12-B

I

0
10

13,1

6,63
6,65

0,84
0,87

0,2

with lower enzyme doses (not shown). The lower
temperature (85 °C) in the molasses tests that was
chosen to reduce any potential degradation of
invert sugars and generation of yeast inhibitors,
may have negatively affected the enzyme activity.
It is also probable that the α-amylase activity
is reduced by the higher Brix (30 Brix versus
15 Brix), further documenting the advantage of
using α-amylase on juice in clarifiers, before the
factory evaporators.
In the eight fermentation tests with seven
different molasses in Table 3, the average ethanol
gain from the enzymatic treatment was 0,7%
versus the control, ie. fermentation without any
glucoamylase added. Not reported here are several
preliminary tests (tests 1 to 6, and 8) when the
molasses were fortified with corn starch. In those
tests designed to optimize the experiemental
procedures, the results were nevertheless
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With the very high enzyme dose (100 mg/L) used
to hydrolyze pure cane starch (Figure 3 and Table
1), 80 % of the final product were fermentable
sugars, mostly glucose and maltose, with only
traces of maltotriose, and the rest (about 20%) the
non-fermentable higher glucose oligomers and
dextrins. The unidentified trace component A at
the 5 min retention time which is only apparent
after the interfering dextrins had been eliminated,
may be from the traces of ash left in the starch.
Had iodine method been used, starch hydrolysis
would have been found complete, as it is only
dextrins with DP > 6 – 8 that are capable of the
color-forming reaction with iodine (11).
Inhibition of glucoamylase activity by
polyphenol-rich plant extracts is known from
studies looking for natural means towards
lowering glycemic index of starchy foods (12).
Cane molasses is a rich source of a variety of
these compounds (13), nevertheless, even at the
sub-optimum conditions in high-polyphenol,
high-ash vinasse at 35 °C (some 20 °C below
its optimum temperature), the used fungal
glucoamylase retained enough activity to convert
to maltose and glucose all or most of the starch
dextrins. It is clear, however, that the final
product composition cannot be determined with
the same degree of detail in a complex matrix
such as cane vinasse, as in the pure system
(Figure 3).
With starch 0,2 to 0,6 % Brix and TFS about
70 % Brix in the molasses, the starch represents
a potential glucose gain 0,3 to 0,9 % of TFS, or a
potential ethanol gain 0,1 to 0,4 %. The measured
average ethanol gain in the eight fermentation
tests was 0,7%, which is somewhat higher than
the range expected based on the starch content
in the molasses. It is possible, however that
other species, glucose-based polysaccharides
and starch dextrins, not detected as starch by the
iodine method but with the glucose 1-4 and 1-6
bonded chains, may augment the glucose and
maltose yield.
An Excel mass balance of the sugar-ethanol

Conversion of cane starch to fermentable sugars in cane molasses fermentation

• TFS in cane juice 85% Brix
• elimination of starch in clarification 5%
• starch in raw sugar 0 mg/kg
• fraction of sugar in cane to fermentation 30%
• concentration of fermentation feed 20 Brix
• efficiency of enzymatic conversion of starch to
TFS 90%
• TFS converted to ethanol and CO2 in
fermentation 90%
and the common starch levels, the potential
gain (Figure 5) is expected up to about 1,2 %
Nevertheless, as mentioned before, glucose may
also be produced by the amylolytic enzymes
not only from iodine-reactive starch, but also
from other 1-4 or 1-6 linked, glucose-containing
substrates whose concentrations in cane juice
and molasses are difficult to determine and are
largely unknown. Based on the slope of the line in
Figure 5, the 6% ethanol gain reported by Fadel
(3) however would require 3300 mg/L or over
2 % Brix of starch or of a total glucose-yielding
substrate, which lies far above the expected levels.
On the TFS basis, the average ethanol yield
in the fermentation tests (40 % or 40 g ethanol
/ 100 g TFS) was lower, and the glycerin yield
(6 %) higher, compared with the ranges 43-47
% for ethanol and 3-6% for glycerin, reported
for industrial cane distilleries in Brazil (13). In a
more optimized fermentation (with ethanol yield
for instance 45 % rather than 40 %), the ethanol
gain from the glucoamylase treatment would be
expected to be somewhat higher still, on the order
of (45/40) x 0,7 or some 0,8 %, with respect to
the control.
It is well documented that the α-amylase cost is
amply outweighed by the benefits of low starch in
the sugar recovery process. Once the glucoamylase
price is determined, it is then easy to establish
the economic feasibility as there are no other
costs involved than the cost of the enzyme. For
a 10000 tons cane / day plant, and with the other
parameters as in the simulation in Figure 5, at
USD 0,4 – 0,6/L the extra ethanol may be valued
at USD 800 – 1100 / day.
Other benefits from reduced starch or starchdextrin in the vinasse, particularly through the
effect on its viscosity, and from potentially less
scaling in the vinasse evaporators are expected
but need to be established experimentally. A
small reduction of the BOD/COD of the disposed
vinasse and the clarifier filter mud are also
expected, proportional to the amount of starch
converted to ethanol.

Figure 5: Estimated gain in ethanol
yield in the sugar-ethanol factory
for different levels of starch in the
incoming cane juice

Table 4: Sugar-ethanol process
mass balance simulation
(parameters as in Figure 5)
Cane processed, t/d
Starch in mixed juice, mg/L
Fermentation feed m3/d
Ethanol production, m3/d
Ethanol concentration, % v/v

10000
400
2800
274
10,6

Ethanol gain, m3/d

1,9

Glucoamylase, kg/d

28

Conclusions

An industrial glucoamylase was found to maintain
enough activity in vinasse at sub-optimum
conditions simulating molasses fermentation, to
convert (most of) residual cane starch in vinasse to
glucose. This was confirmed in later fermentation
tests, where the combined high-temperature
α-amylase – glucoamylase treatment produced a
0,7 % higher ethanol yield than the standard noenzyme fermentation. The previously reported 6 %
ethanol yield gain (3) was not confirmed, however
even with the gain established in this work, the
cost of glucoamylase is clearly outweighed by the
value of the extra ethanol produced.
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process was used to estimate the potential ethanol
gain and enzyme requirements in the overall
process. With the following parameters:
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Editorial Comment
Coronavirus – reflection + speculation
= misinformation
“The truth is rarely pure and never simple.” Oscar Wilde
With the exception of communities in remote parts, few would not
have heard of coronavirus Covid-19 by now and the impact it is
having in people’s lives – whether through the measures taken by
governments to check its escalation or sadly, being a victim of it.
Local sugar industries are not immune from spillover impacts and
have begun to be impacted by a variety of problems emanating from
logistics to stalling supply chains. Mercifully, the sugar industry
is unlike the relatively perishable service industries (air travel,
hospitality and tourism). Nonetheless, “the ecosystems in which
companies operate mean that a disruption to one industry or set of
activities ripples to others”1. Doubtless, under the circumstances,
it is imperative that best information is sourced so an informed
decision is possible. But where this is in short supply, invariably,
opportunism thrives from speculation – muddying waters.
The classic example of this is the recent Czarnikow piece2
suggesting that the pandemic will result in global sugar consumption
decreasing in the current 2019/20 season by 2 million tonnes. The
253 words piece is light on facts and heavy on speculative reasoning
bereft of any in-depth analysis. In all fairness, the trader points out
that their estimate is “a best-guess at this stage and are not wholly
scientific” and “further modifications may be required as we learn
more information”. But this does not stop it from concluding that
“overall consumption in the 2019/20 season will hardly increase.”
The central thesis is that the consumption decline “is due to the
collapse in out-of-home food and drink consumption, and the
difficulties faced in operating normal supply chains.” It is bit far
fetched to suggest that with closures of restaurants/bars in many
countries that sugar consumption will take a hit – as if the people
deprived of the custom will starve rather than replenish themselves
from alternative source/s. Yes, the supply chains have been hit
by the crisis. Recent press reports3 from China note difficulties in
transporting and distributing sugar from factories. But this does
not entirely mean sugar consumption has been adversely impacted.
Another recent press report4 from Myanmar suggests that recently
50,000 tonnes of sugar was smuggled into China in response to the
rise in local demand.
What is astonishing is that Reuters ran a newspiece5 based on the
sketchy note by Czarnikow, and subsequently re-reported by other
news media.
Only time and rigorous analysis will tell the relative impact of
the coronavirus on both sugar production and consumption. As
the press report3 from China points out, the difficulty in securing
agricultural inputs in advance of the commencement of the planting
season will result in sugar crops acreage decreasing. Indeed, analysis
of the impact on production has been sparse.
As far as the sugar industry is concerned, the bigger elephant in

the room is the price of crude oil tumbling to US$30/barrel on 8th
March 2020 following an oil price war between Russia and Saudi
Arabia. In a note, the investment bank Goldman Sachs said that in
Q2 2020, this may further fall to US$20/barrel exacerbated by the
Covid-19 pandemic. The consequence of this is that millers in Brazil
are going to divert more cane to sugar production with ethanol
becoming less competitive with gasoline. Press reports suggest that
sugar production may increase by up to 6 million tonnes if not more
when the 2020/21 campaign begins in April. This suggests that this
year’s (2019/20) rise in sugar prices will be short-lived. Add to this,
the fall in the value of the Brazilian real against the US dollar. The
Brazilian real depreciated from 4.03 at the turn of the year to 4.79 on
13th March. A weaker real against the dollar means that raw sugar,
priced in dollars, becomes more attractive to producers than hydrous
ethanol in the domestic market.

Arvind Chudasama
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Abstract

The dextran-related effects depending on its molecular mass distributions during
sucrose crystallisation were key to this study. Size exclusion chromatography
combined with evaporative crystallisation experiments were used to relate the effects
to certain molecular mass dextran fractions. In this study, it could be confirmed once
again that mainly high molecular mass dextran is responsible for a viscosity increase
in sugar syrups. In view of sucrose crystal modifications, three different shapes could
generally be related to the presence of dextran, namely cube-shaped crystals, elongated
needle-shaped crystals and agglomerates. The molecular mass of dextran and especially
its polydispersity of dextran seems to play an important role in the occurrence of these
dextran-induced shape modifications. Especially dextran fractions composed of
broadly distributed high and intermediate molecular masses affected the sucrose
crystal shape distribution, whereby mainly irregular agglomerates accompanied by
elongated crystals occurred. The enzymatic hydrolysis to average molecular masses of
15 kDa and 8 kDa caused an approach of the relative frequencies to the dextran-free
reference data. In this case, no dextran-related effects on the sucrose crystal shape were
found anymore. Thus, it was shown that targeted dextranase applications help
to reduce the viscosity of syrups and also to ensure uniform sucrose crystal size and
shape distributions.
Keywords: dextranase, dextran, crystal shape modification, image analysis
Aplicación dirigida de dextranasa para mitigar problemas durante la cristalización de sacarosa
Resumen Los efectos relacionados con la dextrana dependiente de su distribución de masa molecular
durante la cristalización de sacarosa fueron clave para este estudio. La cromatografía de exclusión por
tamaño combinada con experimentos de cristalización evaporativa se utilizó para relacionar los efectos
con ciertas fracciones de masa molecular de dextrana. En este estudio, se pudo confirmar una vez más
que principalmente la dextrana de alta masa molecular es responsable de un aumento de la viscosidad la
meladura. En vista de las modificaciones de los cristales de sacarosa, tres formas diferentes generalmente
podrían estar relacionadas con la presencia de dextrana, tales como, cristales en forma de cubo, cristales
alargados en forma de aguja y aglomerados. La masa molecular de la dextrana y especialmente su
polidispersidad parecen jugar un papel importante en la aparición de estas modificaciones de forma
inducidas por la dextrana. Especialmente las fracciones de dextrana compuestas de masas moleculares
altas e intermedias ampliamente distribuidas afectaron la distribución de la forma del cristal de sacarosa,
por lo que se produjeron principalmente aglomerados irregulares acompañados de cristales alargados.
La hidrólisis enzimática con masas moleculares promedio de 15 kDa y 8 kDa causó un acercamiento de
las frecuencias relativas a los datos de referencia libres de dextrana. En este caso, ya no se encontraron
efectos relacionados con la dextrana en la forma del cristal de sacarosa. Por lo tanto, se demostró que las
aplicaciones de dextranasa dirigidas ayudan a reducir la viscosidad de la meladura y también a asegurar
distribuciones uniformes de tamaño y la forma del cristal de sacarosa.
Palabras clave: dextranasa, dextrana, modificación de la forma del cristal, análisis de imágenes
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The presence of dextran in beet and cane juices
is known to diversely affect sugar processing as
well as the final sucrose crystal quality (Asadi,
2007). Lactic acid bacteria, more specifically
Leuconostoc mesenteroides species, produce
dextran of broad molecular mass distributions
(Abdel-Rahman, 2007). Dextran is composed
of glucose monomers, which are mainly linked
via -(1à6) glycosidic linkages. Besides, it
was reported that sugar industry relevant species
produce dextran containing up to 5 % branching
points via -(1à2), -(1à3) and -(1à4)
glycosidic bonds (Khalikova et al., 2005).
The major dextran-related effects occur
during the sucrose crystallisation process, which
is the central part of sugar manufacture. Thereby,
the molecular mass distribution of dextran seems
to play an important role in the extent and kind
of the process effects (Abdel-Rahman et al.,
2007). In the main, two effects can be expected
by the presence of dextran during sucrose
crystallisation, concerning modifications of the
solution and the sucrose crystal characteristics.
Thereby, mainly high molecular mass dextran
is known to increase the viscosity of syrups
negatively affecting diffusion processes and thus
the crystallisation rate (Kaur & Kaler, 2008).
The interaction of high and low molecular
mass dextran with the growing crystal surface
leads to modified sucrose crystal size and shape
distributions (Abdel-Rahman et al., 2007). For
the latter, previous work illustrated in detail that
different crystal shapes (cube-shaped, elongated
and agglomerated crystals) can be related to the
presence of dextran (Abraham et al., 2019a).
For targeted mitigation of these dextran-related
effects by dextranase application, the specific
effects of varying molecular mass distributions
need to be investigated. This is particularly of
relevance because low molecular mass dextran
is also known to affect the crystal characteristics
(Sgualdino et al., 1997).
In the work presented, this was achieved
by combining chromatographic analysis with
the process effect analysis of different dextran
fractions during sucrose crystallisation. Thereby,
the two potential dextran-related effects were
considered, changes in viscosity as well as sucrose
crystal modifications. To do so, sucrose crystals
were produced by evaporative crystallisation
experiments using synthetic syrups containing
dextran fractions with different molecular masses.
The different molecular mass dextran fractions
were obtained from partial hydrolyses of high
molecular mass dextran (T2000). Static image
analysis was then used to detect dextran-induced
sucrose crystal shape modifications by means

of two shape parameters, the width-to-length
ratio as well as the circularity. Therefore, relative
frequencies according to three different categories
for the two shape parameters were calculated and
used to identify the crystal shapes present.

Material and method
Materials

Refined sucrose (Nordzucker, extra-white
sugar, EC category 1) was used for sample
preparation. A technical dextran fraction with an
average molecular mass of 2,000 kDa (T2000:
Sigma-Aldrich, dextran with a molecular mass
distribution ranging from 1,500 to 2,800 kDa
originating from Leuconostoc mesenteroides
strain B512) was used. The T2000 dextran was
also used as a starting material for the enzymatic
hydrolysis to obtain different dextran fractions
with varying molecular mass distributions. To
do so, a non-genetically modified dextranase
originating from a Chaetomium gracile strain
(Sugazym DX L, SternEnzym) was used. Its
temperature and pH optimum ranges from 55°C
to 65°C and from 4 to 7, respectively. The enzyme
is known to specifically and randomly hydrolyse
-(1à6) glycosidic linkages in dextran molecules
(Khalikova et al., 2005).

Viscosity analysis

The viscosity of syrups containing dextran with
the different molecular mass distributions was
determined using a rheometer (MCR 302, Anton
Paar) equipped with a cone-plate-system. Previous
analysis confirmed a Newtonian behaviour of the
dilute aqueous dextran solutions. Based on this,
the shear rate was set to a constant value of 100
s-1. The temperature profile was chosen in a way
that different degrees of supersaturation (S) were

Johann Swanepoel I Getty images
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obtained. Sample preparation and subsequent
viscosity analysis was performed in duplicate.

Crystallisation experiments

Evaporative crystallisation experiments were
performed at 5 liter lab scale using a crystallisation
pilot-plant followed by centrifugation and
drying. The plant design as well as the
experimental procedure is described in detail
elsewhere (Schlumbach et al., 2017). During the
crystallisation, a constant supersaturation was
maintained until 50 % (m/m) crystalline material
was generated. After separating the crystals from
the mother liquor via centrifugation, the sugar was
dried in a fluidized bed at 60°C for 5 minutes.
The different feedstocks for the crystallisation
experiments were prepared as 66 % (m/m) sucrose
solutions containing the different dextran fractions
with varying molecular mass distribution. Since
this study focuses on the effects of different
molecular masses, effects due to a constant
dextran concentration of 5,000 mg/kg sucrose are
discussed. Due to the fact that enzyme reactions
are favoured by a high free-water activity, meaning
low sucrose contents, dextranase treatments were
performed in synthetic thin juices (15 % (m/m)
sucrose solutions), which were then evaporated
to syrups. The crystallisation of the dextran-free
reference was performed fourfold to ensure proper
repeatability. Subsequently, the other synthetic
syrups containing the different dextran fractions
were respectively crystallised in duplicate.

Analysis of sucrose crystals by static
image analysis
Light microscopy images of the sucrose crystals
obtained from evaporative crystallisation

were recorded using a Zeiss-Axio Scope A1
microscope. Microscope slides were loaded
with the dry sucrose crystals in a way that the
whole area is exploited. The resulting images
of three microscope slides of each sample
were subsequently analysed using ImageJ.
Calibration as well as image editing are necessary
prerequisites for proper crystal size and shape
analysis. Two shape parameters were chosen to
detect the dextran-related shape modifications,
the width-to-length ratio as well as the circularity,
which are defined by the following equations
(1) and (2) (Ferreira & Rasband, 2012). Crystal
measurements were previously restricted to the
highest possible circularity for sucrose crystals of
0.8 in order to reduce potential errors due to dust
or foreign matter. The two shape parameters are
depicted as relative frequencies according to three
different categories.
Width/Length = (Minimum diameter)
		
(Maximum diameter)
Circularity =
		

Area
Perimeter2

4π ×

(1)
(2)

Results and discussion
Analysis of different dextran fractions
by size exclusion chromatography

The molecular mass distribution of the different
dextran fractions obtained from differently
progressed enzymatic hydrolyses of T2000 dextran
were firstly analysed by means of size exclusion
chromatography (SEC). In general, SEC columns
elute large molecules first. Thus, the retention time
increases with decreasing molecular masses, as
illustrated in Figure 1 (A). Based on these SEC
chromatograms, the average molecular masses of

Figure 1: Size exclusion chromatography of different molecular mass dextran fractions. A) Size exclusion
chromatograms of T2000 dextran and its hydrolysis to different degrees. B) Average molecular masses of
dextran fragments resulting from the enzymatic decomposition of T2000 (black dots), T40 (red diamonds)
and an equal-mass mixture of T2000 and T40 dextran (blue triangles)
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the different dextran fractions were additionally
calculated, depicted in Figure 1 (B).
The initial T2000 dextran with an average
molecular mass of 2000 kDa is characterised by a
relatively high polydispersity indicated by multiple
and broad peaks (black line in Figure 1 (A)). A
mild decomposition of T2000 dextran was used to
obtain broadly distributed intermediate molecular
mass dextran with an average molecular mass of
120 kDa (red dashed line in Figure 1 (A)), which
seems to be most probable for realistic cane and
beet juices. Further enzymatic decomposition
induced by an increase in enzyme level led to
dextran fractions with an average molecular mass
of 15 kDa and 8 kDa (grey dashed and blue dashdot line, respectively).
Figure 1 (B) illustrates the average molecular
masses resulting from the enzymatic hydrolysis
when starting from different initial dextran
fractions (T2000, T40 and an equal-mass mixture
of T2000 and T40). For all dextran fractions, the
relation between the average molecular mass
and the enzyme level seems to follow a power
model fairly well. Under the same conditions
(incubation time, enzyme and substrate level),
the reaction products have higher molecular
masses when starting from T2000 dextran in
comparison with starting from T40 dextran.
Interestingly, the enzymatic decomposition
of the equal-mass mixture of T2000 and T40
dextran results in very similar molecular masses
as the decomposition of only T40 dextran.
Thus, broad molecular mass distributions seem
to help enzyme access. This clearly indicates
that not only the total dextran content but also
its molecular mass distribution is decisive for
the progress in decomposition and thus also for

enzyme dosage. As a next step, the dependency
of the dextran-related effects on its molecular
mass distribution needs to be considered.

Effect of different dextran fractions on
the viscosity of synthetic syrups
The viscosity of various synthetic syrups was
measured at different degrees of supersaturation.
The latter was adjusted via temperature variation.
As an example, Figure 2 shows the viscosity
data corresponding to a sucrose solution with
and without 15,000 mg dextran per kg sucrose
which is saturated at 50°C. The temperature
during measurement was varied in a way that
different relevant states of superstauration
were obtained. For all samples including the
dextran-free reference (green line in Figure
2), the absolute viscosity increases with the
increase in supersaturation, meaning a decrease
in temperature. Obviously, T2000 dextran
caused a distinctly stronger increase in viscosity
(e.g. from roughly 300 mPas to 950 mPas at
a supersaturation of 1.1) in comparison with
T40 dextran (450 mPas at a superstauration
of 1.1). Interestingly, the percentage increase
in viscosity due to the presence of dextran in
relation with the green reference line seems to be
relatively constant all over the different degrees
of supersaturation, see Figure 2 (B). Thereby,
the presence of T2000 and T40 dextran at a
concentration of 15,000 mg/kg sucrose caused an
increase of roughly 300 % and 150 % in relation
with the dextran-free reference, respectively.
Thus, this study could confirm that mainly high
molecular mass dextran is involved in dramatic
dextran-related viscosity changes, while T40
dextran caused rather minor effects.

Figure 2: Viscosity measurements of synthetic syrups being saturated at 50°C loaded with a dextran
content of 15,000 mg/kg sucrose (meaning 1 % (m/m) per solution). Variation of the temperature was used
to set different states of supersaturation S
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Figure 3: Sucrose crystal types identified from single crystal analysis using ImageJ. A) a typical reference
crystal and crystal types found in dextran-loaded samples including B) a distinctly elongated crystal,
C) a cube-shaped crystal and D) an agglomerate (D)

Table 1: Circularity and width-to-length ratio (=minimum feret/maximum feret) determined by Image J for
the single sucrose crystals shown in Figure 3
Shape Parameter

Reference

Cube-shape

Elongated Shape

Agglomerates

Circularity

0,75

0,78 é

0,58 ê

0,51 ê

Width/Length

0,6

0,75 é

0,39 ê

0,83 é

Reference

2000 kDa

100

Elongation
Agglomeration

Relative frequency [%]

80

60

40

20

0

<0.7

Effect of different dextran fractions
during sucrose crystallisation

120 kDa

15 kDa

samples (B) to (D) are depicted. Table 1 shows the
corresponding values for the circularity and the
width-to-length ratio.
In literature, it was mainly reported about a
specific elongation along the initially shorter
C-Axis of a sucrose crystal due to the presence
of dextran, leading to distinctly elongated
needle-shaped crystals (type (B)). In this case,
the circularity and the width-to-length ratio
simultaneous decrease. A slight elongation along
the initially shorter C-axis results in cube-like
crystals (type (C)), showing an increase in
circularity as well as in width-to-length ratio. The
intention of combining the two shape parameters

8 kDa

To also consider dextran-induced sucrose crystal
Cubes
Rectangular reference
shape modifications, evaporative crystallisation
experiments in lab scale were performed. The
resulting crystals were then analysed by static
image analysis. Thereby, two shape parameters,
the width-to-length ratio and the circularity, were
used in combination. For a basic understanding
of the crystal-shape related changes of the two
parameters, the sucrose crystal types were firstly
identified and individually analysed. In Figure 3,
a typical reference crystal of rectangular shape
(A) and crystal types found in the dextran-loaded
0.7 to 0.77

>0.77

Figure 4: Relative frequencies
of the width-to-length ratio (A) and the circularity (B) for samples loaded
Circularity categories
with different dextran fractions with varying molecular mass distributions according to three categories
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only becomes apparent when looking at crystal
type (D) found in dextran loaded samples. Thus,
in comparison with the reference, a significant
decrease of the circularity combined with higher
width-to-length ratios can be attributed to
agglomerates (type (D)).
First and foremost, the single crystal analysis
has confirmed that the latter three shapes (type
(B) to (D)) generally simultaneously occur when
dextran was present during sucrose crystallisation.
Subsequently, the quantitative and qualitative
occurrence of these different crystal shapes due
to the presence of different dextran fractions with
varying molecular mass distributions needs to be
discussed. Based on the data obtained from single
crystal analysis, three categories for the two shape
parameters were established, while each category
indicates the respective crystal shape. The relative
frequencies according to these three categories are
shown in Figure 4 (A) and (B).
For the width-to-length ratio, relative
frequencies for crystals with values of less than
0.5, ranging between 0.5 and 0.7 and greater than
0.7 were calculated. Also derived from the shape
data of the single crystals, the relative frequencies
of crystals with circularities of less than 0.7,
ranging between 0.7 and 0.77 and greater than
0.77 were distinguished.
Typical reference crystals belong to the
intermediate category for both shape parameters,
as marked in the central part of Figure 4 (A) and
(B). The low width-to-length category includes
elongated crystal shapes (<0.5) (left part in Figure
4 (A) and (B)), while the high width-to-length
ratio category (>0.7) is mainly populated by
agglomerates and cubes (right part in Figure 4 (A)
and (B)). Crystals in the low circularity category
(<0.7) are either agglomerated or elongated, while
the high circularity category (>0.77) is obviously
composed of cube-like crystals.
As expected, the main proportion of sucrose
crystals in the dextran-free reference sample is of
rectangular shape, belonging to the intermediate
category for both parameters, see green bars in
Figure 4. The remaining smaller part is represented
by cube-like and agglomerated crystals.
The presence of dextran with a high and an
intermediate average molecular mass (2000
kDa and 120 kDa, respectively) caused the most
dramatic effects on the sucrose crystal shape.
Thereby, T2000 dextran caused a higher amount
of crystals within the high width-to-length ratio
and the high circularity category (see red bars
in Figure 4 (A) and (B), respectively). The
simultaneous increase in both, circularity and
width-to-length ratio clearly suggests a higher
number of cube-like crystals.
The dextran fraction composed of broadly

distributed intermediate molecular masses also
caused an increase of the relative frequency of
crystals with high width-to-length ratios (by 20
% compared to the dextran-free reference). Apart
from that, also a higher amount of crystals with low
width-to-length ratios were found. So an increase
in both extremes with regard to the width-tolength ratio could be determined. An increase in
crystals with low circularities, roughly doubled in
comparison with the reference, is shown in Figure
4 (B). In this case, the increase of the width-tolength ratio combined with a decrease in circularity
suggest that these broadly distributed intermediate
molecular mass dextran fragments mainly promote
agglomeration. Besides, the additional occurrence
of crystals with low width-to-length ratios also
suggests that elongation additionally occasionally
occur. When the average molecular mass was
reduced to 15 kDa and 8 kDa (grey coloured bars in
Figure 4 (A) and (B)), the relative frequencies of the
circularity and the width-to-length ratio approached
the reference data. This means that the dextranrelated effects on the sucrose crystal shape can be
mitigated due to sufficient dextran hydrolysis.

Conclusions

The effect of different dextran fractions with
varying molecular mass distributions during sucrose
crystallisation was key to this study. Therefore,
sucrose crystals were produced by evaporative
crystallisation experiments using synthetic syrups
containing various dextran fractions. Thereby, the
effects of high (T2000) molecular mass dextran as
well as of differently enzymatically decomposed
T2000 dextran at a concentration of 5,000 mg/kg
sucrose were considered.
Size exclusion chromatography was used to
analyse the molecular mass distribution of the
different dextran fractions resulting from partial
enzymatic hydrolyses of T2000 dextran. From
single crystal analysis, three different dextranrelated shape modifications were found, namely
cube-shaped crystals, elongated needle-shaped
crystals and agglomerates. Evaluation of relative
frequencies according to the different crystal
shapes identified suggests that broadly distributed
high and intermediate molecular mass dextran
fragments, which are realistic to assume for sugar
cane and beet juices, affected the sucrose crystal
shape most dramatically. Thereby, T2000 dextran
predominantly increased the amount of cube-like
crystals. The presence of the intermediate dextran
fraction characterized by a high polydispersity
(average molecular mass of 120 kDa) mainly
led to a higher amount of irregular agglomerates
accompanied by elongated sucrose crystals. Thus,
the molecular mass of dextran and especially
its polydispersity of dextran seems to play an
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important role in the extent and kind of dextranrelated effects. The enzymatic decomposition to
average molecular masses of 15 kDa and 8 kDa
caused an approach of the relative frequencies to
the dextran-free reference data. In this case, no
dextran-related effects on the sucrose crystal shape
were found anymore. The latter hence represents
the target of dextranase applications in order
to avoid dextran-induced sucrose crystal shape
modifications. As a result, applying dextranase in a
controlled manner helps to reduce the viscosity of
syrups and also to ensure uniform sucrose crystal
size and shape distributions.
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Editorial Comment
Covid-19 – Emerging and developing
economies hit hardest by supply chain
disruptions and opportunistic pricing:
Case study – sugar
Coronavirus-related lockdowns have invariably dislocated normality
which is increasingly becoming a distant memory. Oil prices
have fallen by over half in the recent past and global demand
plummeting from lockdown restrictions on movement. Sugar sector
has not escaped its throes. Brazilian millers are ramping up sugar
production at the expense of biofuel ethanol whose sales in the top
fuel consuming central-south region dropped 20% in the second half
of March, according to the sugar industry group Unica. Hydrous
ethanol prices are down by 31% this year in Sao Paulo state.
According to the Cepea/Esalq research centre, price for a litre has
fallen from BRL2.04 to BRL1.39. With the Brazilian real sliding to
all-time low (over BRL5 to US$1) sugar production has received
additional push. Not surprisingly, therefore, the market has turned
bearish with sugar price falling on 15th April to US¢10.01/lb having
earlier hit its lowest since September 2018 at 9.96 cents. According
to the broker Marex Spectron, the 2020/21 Brazilian sugar output is
expected to increase by some 7 million tonnes to 33.8 million from
26.7 million in the previous season.
Meanwhile consumers are having to pay high price for sugar
in the supermarkets. This is informed largely by supply chain
disruptions and opportunistic pricing (or to put it bluntly, cashing
in on panic buying). In the former case ports are not operating as
effectively from lockdown measures as shipment from and to ports
have been hampered. Bloomberg reported on 14th April that “in
the Philippines, officials at a port that’s a key entry point for rice
said last week the terminal was at risk of shutting as thousands
of shipping containers pile up because lockdown measures are
making them harder to clear. Meanwhile, curfews in Guatemala and
Honduras, known for their specialty coffees, are limiting operating
hours at ports and slowing shipments. And in parts of Africa, which
is heavily dependent on food imports, there aren’t enough workers

Brazilian ethanol prices plunge

showing up to help unload cargoes.” While shipments from Brazil,
the top sugar exporter “are now running at a normal pace amid a
joint effort between the government and companies to keep shipping
flowing,” this is academic if there are hiccups with the reception at
the receiving end. Added to this is the closing of borders by many
countries. In Africa for example, Burkina Faso, Cameroon, Ivory
Coast, Ethiopia, Gambia, Mali, Niger, Uganda, Rwanda, Sudan (to
name few) have done so. Net imports in Africa in the sugar sector
are worth US$ 4.1 billion.
Press reports from emerging and developing economies highlight
price increases for a range of basic foodstuffs including sugar. What
follows is a snapshot of this development. It is not exhaustive but
hopefully is reflective of travails encountered by ordinary people.
Suffice to say that while the extent of opportunistic pricing is not
that obvious in developed economies it is worth stressing that a
subtle form of this operates. At one of the well-known supermarkets
I frequent, until mid-March, you used to get a voucher giving you
£5 off when your shopping was £35 or over. Needless to say, this
initiative was a competitive measure for repeat business. When the
Covid-19 lockdown got entrenched the supermarket stopped issuing
such vouchers at the check-out.

Indonesia

Following the COVID-19 outbreak, the price of sugar has jumped
sharply above the highest retail price (HET), which has been set at
IDR12,500 (US¢80) per kilogram. As of April 6, the average price
of granulated sugar in Jakarta was IDR 18,900 per kg.

Guinea

In the city of N'zérékoré, “citizens are dragging their heels by
the tail because of the increase in prices of everyday consumer
products”, reports the correspondent of Guineematin.com based
in the prefecture. At the central market of N'zérékoré, the price
per kilogram of sugar has gone up from GNF7,000 (US¢73) to
GNF8,500 (US¢89).

Tanzania

Source: University of Sao Paulo research centre Cepea/Esalq

58

On 13th April, the price of sugar shot up by TZS1,700 (US¢73)/
kg in the capital city's retail market to TZS3,400-3,500. Majaliwa
Luhende, a trader at Kikuyu in Dodoma told ‛Daily Newsʼ
that “customers coming to buy sugar have been turning away
immediately after learning the new price. We have no choice so do
they,” he said.
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Lebanon

Reuters reports that with a tiny industrial sector and scant natural
resources, Lebanon’s economy produces few goods. Fahed, who
owns a major supermarket chain, said prices for most goods have
risen 45-50%, with some already running out. “I work on wheat,
flour, rice and sugar, and nobody is selling anything,” said Paul
Mansour, owner of Crown Mills. “Whatever is already booked,
there’s a delay. For any new business, there’s nothing in the market.”

Russia

Prices for staple foods spiked across Russia in March, the latest
figures from national statistics office Rosstat showed as people
rushed to stockpile. Sugar prices rose by at least 16% in 23
Russian regions.

Mali

Local press reports say that many traders are taking advantage of
Coronavirus pandemic. “They raise prices and have as a pretext:
“the borders are closed”. The price of a kilo of sugar has gone up
recently from XOF500 (US¢83) to XOF550 (US¢92).

Cameroon

Price per kilo of sugar in large shops recently increased by XAF100
(US¢17) to XAF700 (US$1.16). “It is not our fault that product
prices have gone up. The borders have been closed for a few
weeks, our suppliers no longer deliver the goods to us at the usual
price. Given the current economic situation, we are also obliged to
increase 100 francs or 200 francs on certain products such as a litre
of red oil, the kilogram of sugar, flour and milk… ”, says a trader.

Chad

The government fixed price for 50 kg bag of sugar is XAF28,000
(US$46.47). In stores, the price has been marked up by 12.5% to
XAF32,000.

Mexico

Complicated by the forecasted drop in sugar output by 17.4%
compared to the same period last year and its price has risen 8.4% in
the last ten days in the wholesale markets. The retail price of sugar
has risen to 18.7% compared to the same dates in 2019.
In the Zapata Market, Puebla, sugar price for a kilo has increased

by 3 pesos (US¢12) to 22 pesos. “They use Covid-19 to increase
prices in Puebla,” said the deputy mayor.

Honduras

The government, through ministerial agreement, has agreed to freeze
prices of 50 basic products (which includes sugar) in the current
pandemic. But despite this, for example, in San Pedro Sula “prices
have gone to heaven”. One vendor Saydi Castro said “I already have
little sugar. I think that by tomorrow [15th April] I would have sold
what I have. People are buying lots and everything is going fast.”

Discussion

In the emerging and developing economies, median household
income is significantly lower than their counterparts in the
developed economies. Add to this stress of livelihoods of many
impacted through loss of jobs overnight by the Covid-19 restrictions,
squeezing household income. Followed by a combination of
opportunistic pricing and reduced supply has certainly added to the
woes of ordinary folks in these countries. The conventional wisdom
amongst analysts is that global consumption of sugar is expected to
decline but this is simply speculative – no hard data yet. In its latest
quarterly report Rabobank suggests that the coronavirus crisis will
have “no major impact on 2019/20 global sugar consumption but
a small erosion in countries severely hit by the virus, resulting in
flat demand globally, instead of 1% growth”. Certainly, the impact
of increased prices and reduced household income will have a
rationalising effect on purchasing. But the new normal has invited
panic buying which has supported inflated prices.
Paradoxically, therefore, while the global sugar price is falling
and has fallen recently, this is not translating into reduced prices
for customers as supply chain disruptions add to relative access
to the sweetener compounded by opportunistic pricing. While
some countries have sought to safeguard price increases through
government intervention (e.g. Honduras) there does not appear to be
evidence of enforcement to curtail market forces at play.
So, the anecdotal evidence suggests that any drop in consumption
is more likely be due to direct access to the commodity than
customers choosing to reduce consumption.

Arvind Chudasama
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Abstract

Consumers in the USA and around the world are becoming increasingly more
familiar with health benefitting antioxidants, and are looking for beverages/foods that
are good sources of antioxidants. Sugarcane is a rich source of phenolic compounds
and antioxidants. Plant phenolic compounds including flavonoids have been recognized
as important nutrients in foods and beverages that contribute to the consumption of
antioxidants, and allow for health and wellness claims for a particular foodstuff. Phenolic
compounds are frequently found in fruits, vegetables, and cereals and are available in
concentrated form in botanical extracts, e.g., cranberry, rosemary, and tea extracts.
Consumers prefer antioxidants from extracts over “chemically-sounding antioxidant
names” and the extracts are often first standardized, deodorized, and decolorized by
suppliers. Phenolic compounds in cane products are mostly natural colorants extracted in
the cane juice that concentrate across raw sugar manufacturing. Thus blackstrap molasses
can contain up to ~3000 mg/L total phenols which is similar to pomegranate juice (~2850
mg/L) whereas cane syrups contain ~1500 mg/L. This paper highlights the competitive
advantages of cane sugars, including brown centrifuged and non-centrifuged sugars,
compared to alternative “natural” sugars in the US market. Extraction methodologies
throughout the raw sugar process are also discussed as well as the future commercial
potential of cane antioxidant extracts.
Keywords: sugarcane products; antioxidants; phenolic compounds; commercial foods; extracts;
nutraceuticals
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Exploración de productos de caña de azúcar como fuente principal de extractos fenólicos antioxidantes
en alimentos y bebidas comerciales
Resumen Consumidores en los EE. UU. y en todo el mundo están cada vez más familiarizados con los
antioxidantes que son beneficiosos para la salud y buscan nuevas fuentes de antioxidantes. Los compuestos
fenólicos de plantas, incluidos los flavonoides, han sido reconocidos como nutrientes importantes en
alimentos y bebidas, y también contribuyen a las afirmaciones de salud y bienestar asociadas con el
consumo de antioxidantes. Los compuestos fenólicos se encuentran con frecuencia en frutas, verduras
y cereales y también están disponibles en forma concentrada en extractos botánicos, por ejemplo,
extractos de arándanos, romero y té. Consumidores prefieren los antioxidantes de los extractos a aquellos
“antioxidantes” que no son naturales. La caña de azúcar es una rica fuente de compuestos fenólicos y
antioxidantes. Los compuestos fenólicos son en su mayoría colorantes naturales en el jugo de caña que no
se descomponen durante el procesamiento y se concentran en el proceso de fabricación de azúcar. Por lo
tanto, la melaza puede contener hasta ~ 3000 mg/L de fenoles totales, que es similar a las concentraciones
encontradas en el jugo de granada (~ 2850 mg/L), mientras que los jarabes de caña contienen ~ 1500 mg/L.
Este artículo analiza la caña de azúcar como una fuente importante de compuestos fenólicos antioxidantes,
posibles metodologías de extracción y el potencial comercial futuro de los extractos antioxidantes de caña.
Palabras clave: productos de caña de azúcar, antioxidantes, compuestos fenólicos, alimentos comerciales,
nutracéuticos

ISJ's World Sugar Yearbook 2021 | ©2021 IHS Markit®. All rights reserved.

Exploration of sugarcane products as a major source of antioxidant phenolic extracts in
commercial foods and beverages*

Introduction

Consumer trends are changing in the USA
and around the world. Consumers, especially
millennials who were born in the early
1980s to early 2000s, are demanding more
natural and healthy foods. Plant phenolic
compounds including flavonoids, have been
recognized as important phytonutrients due
to their physiological (Cody et al., 1988),
pharmacological (Cermak and Wolframm,
2006), and other health benefits (Balasandram
et al., 2005). Such dietary (bioactive) benefits
are linked to their strong antioxidant and radical
scavenging activity (Gattuoso et al., 2007;
Aaby et al., 2007). Free radicals in the body are
associated with aging, cancer, neurodegenerative,
and cardiovascular diseases (Pelofske, 2017).
Furthermore, it was recently reported that
consumers are familiar with antioxidants and
are looking for beverages/foodstuffs and even
cosmetics that are good sources of antioxidants
(Del Buono, 2018; Hidalgo and Almajano, 2017).
Phenolic compounds in foods and beverages
contribute to the intake of antioxidants and allow
for health and wellness claims for a particular
foodstuff or dietary supplement (Balasandram et
al., 2005; Pelofske, 2017). Phenolic antioxidant
compounds are frequently found in fruits,
vegetables, legumes, tea, dark chocolate, and
cereals and are also available in concentrated form
in botanical extracts, e.g., cranberry, rosemary, and
tea extracts (Balasandram et al. 2005; O’Donnell,
2018). Extracts are also being used to enrich and/or
fortify foodstuffs void of antioxidants. Consumers
prefer antioxidants from extracts over “chemicallysounding antioxidant names” and the extracts are
often standardized, deodorized, and decolorized
by suppliers (O’Donnell, 2018). Here, we discuss
sugarcane and associate food products as a major
source of antioxidant phenolic compounds and how
they may be extracted in the future.

standard curve was generated using seven levels
of gallic acid (0, 25, 50, 100, 150, 200, and 250
µg/mL). All determinations were undertaken
in triplicate and results are expressed in mg/L,
which are equivalent to milligrams of gallic acid
equivalents/L.

Antioxidant activity determinations

The free radical scavenging activity (RSA) of
the various syrups was determined according
to the 2,2-diphenyl-1-picryl hydrazyl (DPPH)
method of BrandWilliams et al. (1995) with
some modifications by Boue et al. (2013). DPHH
radicals have an absorption maximum at 517 nm,
which disappears with reduction by an antioxidant
compound. Antioxidant active compounds were
first extracted from each syrup (1 g) by dissolving
it in 9 mL of 70:30 methanol-deionized water
mixture. The supernatant extract was used in the
DPPH assay. The DPPH radical solution at a final
concentration of 0.1 mM in methanol was prepared
daily, and 190 µL was added to each well of a
96-well plate followed by a 10 µL of extracted
sample, or methanol for the blank. The mixture was
incubated at 30 ˚C for 30 min, and the absorbance
at 517 nm was measured with a Tecan Sunrise
Microplate Reader (Morrisville, NC, USA). Lower
absorbance indicates higher free radical scavenging
activities. The inhibition percentage of the radical
scavenging activity (RSA) was calculated using the
following equation:
As )
Inhibtion (RSA)% = 100 – 100 (Ao
			
Where Ao is the absorbance of the blank and
As is the absorbance of the extracted sample at
517 nm. All determinations were performed in
triplicate.
ORAC (Oxygen Radical Absorbance Capacity)
of each syrup was also measured using the

The TPC of the syrups was determined using a
Folin-Ciocalteu method with minor modifications,
using gallic acid as the standard (Singleton et
al. 1999). The syrup (0.1 g) was first diluted
10-fold with deionized water (9 mL). Into a glass
test-tube, diluted sample (125 μL) and 625 μL of
Folin–Ciocalteu reagent (0.2N) were first pipetted,
vortexed, and then allowed to stand at room
temperature (~25 ˚C) for 4 min. Then 500 μL of
7.5% Na2CO3 was added to the mix, vortexed,
the tube covered, and then incubated in a water
bath set at 40 ˚C for 30 min. The solution was then
added to a disposable cuvette and the absorption
read at 760 nm on a UV-vis spectrophotometer. A

Alfribeiro I Getty images
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Table 1: Classes of phenolic compounds found in sugarcane and their structure
Class
Hydroxybenzoic acids
Hydroxycinnamic acids, phenylpropanoids
Flavonoids
Lignins
Condensed tannins

Structure

Examples in Sugarcane

C 6 -C1
C 6 -C3

coumaric acid, 4-hydroxybenzoic acid vanillic acid
caffeic acid, ferulic acid

C 6 -C3 -C 6

tricin, naringen, luteolin, apigenin, quercetin, rutin,
kaemferol, and anthocyanins

(C 6 -C3) n
(C 6 -C3 -C 6) n

Zen-Bio (Research Triangle Park, NC, USA)
ORAC kit following the method of Huang et al.
(2002). The assay measures the loss of fluorescein
fluorescence over time due to peroxyl-radical
formation by the breakdown of AAPH (2,2-axobis2-methyl-propanimidamide dihydrochloride).
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman2-carboxylic acid), a water soluble vitamin E
analog, served as a positive control inhibiting
fluorescein decay in a dose dependent manner. All
determinations were performed in triplicate using
a BioTek Synergy H1 microplate reader set to 485
nm excitation and 528 nm emission.

Results and discussion
Sugarcane as a source of phenolic
compounds

Extracted cane juice (typically the first extraction
through a roller mill) contains a complex mixture
of phenolic compounds including flavonoids
that are often colored although some are noncolored (Smith and Paton, 1985). Structurally,
phenolic compounds are composed of an aromatic
ring bearing one or more hydroxyl substituents,
and range from simple phenolic molecules to
highly polymerized compounds (Bravo, 1998;
Balasandrum et al., 2006). Despite such diversity
they are often referred to as polyphenols – a

Fig. 1: Generic structure of a flavonoid molecule. The structure
consists of two aromatic rings A and B joined by a 3-carbon
bridge usually in the form of a heterocylic ring C. Variations
in substitution pattern to ring C result in the major flavonoid
classes (Balasandrum et al., 2006)

misnomer. The classes of phenolic compounds
found in sugarcane are listed in Table 1 along with
their structure.
Almost one hundred phenolic and flavonoid
compounds have been identified in cane products
(Duarte-Almeida et al., 2011). The generic
structure of a flavonoid molecule is illustrated
in Fig. 1. The major phenolic compounds
in sugarcane juice are caffeic, chlorogenic,
protocatechuic, ferulic, and coumaric acids, and
tricin, naringenin, luteolin, and apigenin (Smith
and Paton, 1985; Paton et al., 1992; DuarteAlmeida et al., 2011). Duarte-Almeida et al.,
(2011) observed that the amount of phenolic
(flavonoid) compounds in the sugarcane stalk is
dependent on the sugarcane variety. These natural
cane phenolics concentrate across the factory and
eventually reside in raw sugar and molasses.
Another lesser known source of phenolic
compounds in sugarcane products are heat-induced
phenolics. Heat-induced phenolic colorants have
also been reported in burnt sugarcane due to
the thermal degradation of lignin (Nguyen and
Doherty, 2012). Heat-induced phenolics have also
been reported to form across the juice clarification
process at the sugarcane factory as well as
the clarification process at the cane refinery,
particularly phosphatation-clarification (Eggleston
et al., 2018; Clarke et al., 1985). Heat-induced
phenolics have been attributed to the breakdown of
high molecular weight (MW) polymeric phenols
into lower MW monomeric phenols.

Phenolic compounds in sugarcane
foods and beverages

The total phenolic contents of some commercial
cane products sold in the USA as foods or
beverages are listed in Table 2. These include
cane juice mixers, food syrups, and molasses
plus vinegars. Considerable amounts of phenolic
compounds (TPC) occur in commercial cane
juices (Table 2). Freshly squeezed cane juice has
been sold for many years in less industrialized
countries, but more recently has begun to be sold
as a bottled (pasteurized) beverages or mixers in
the USA. For example, cane juice mixers are now
being manufactured by Alma Grown Company in
the Louisiana, USA either unflavored or flavored
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Table 2: Total phenolic contents (TPC) and antioxidant properties of cane food products sold in the USA
Commercial Cane Product

Cane Juice Mixer Original
Cane Juice Lime and Mint
Cane Juice Strawberry
Cane Juice
Cane Syrup (brown)c
White Cane Syrupd
Cane Syrup (brown)e
Organic Molasses (unsulphured)
Blackstrap Molasses (unsulphured)
Blackstrap Molasses (unsulphured)
Full Flavor Molasses (unsulphured)
Cane Vinegar

Brand

Total Phenolic Content TPC
(mg/L)

Antioxidant
% RSA

Antioxidant
ORAC
µmol TE/g

A
A
A
B
C
D
E
F
G
H
H
C

567 ± 11 a
728 ± 138 a
633 ± 16 a
418 ± 10 a
1454 ± 7 f
105 ±5 f
946 ± 36 f
3024 ± 72 a
2988 ± 60 a
2977 ± 49 a
2941 ± 109 a
280 ± 32

10.2
8.8
21.2
12.2
10.5
0
10.0
18.3
11.4
17.7
13.2
8.4 ± 0.5

ndb
nd
nd
nd
12.7
0.3
8.7
nd
nd
nd
nd
11.2 ± 1.7

From Eggleston (2018) b nd = not determined c Manufactured from pure sugarcane juice that was slow-simmered in open kettles d Manufactured by dissolving refined cane sugar in
water e Cane sugar syrup f From Eggleston et al. (2019)

a

(Table 2). These commercial cane juices contained
418 to 567 mg/L TPC with higher TPC when
the juices are flavored with fruits, especially
strawberries. This TPC range is within the range
reported for commercial apple, grapefruit, orange,
and pineapple juices (Eggleston, 2018), although
it is not as high as for cranberry, red grape, and
pomegranate juices (up to 2882 mg/L). The latter
are sold for their rich antioxidant properties.
The antioxidant % RSA values for the cane juice
beverages ranged from 8.8 to 21.2%. It must be
noted that sucrose itself has been reported to have
antioxidant properties (Tsang and Clarke, 1988).
The TPC of food-grade cane syrups in Table
2 were highly dependent on how they were
manufactured, i.e., directly from cane juice or
from dissolved refined (white) sugar. The syrup
prepared from white sugar had very little TPC
which is not surprising since most refined (white)
cane sugars contain no phenolic compounds since
they are removed during the refining process
(Eggleston, 2018). Similarly, the antioxidant
capacity of the white cane syrup was negligible
when measured by two antioxidant methods
(Table 2). In comparison, the brown cane syrups
contained relatively high TPC of 946 to 1454 mg/L
with antioxidant levels >10% RSA. Furthermore,
Eggleston et al. (2019) reported that, compared to
other syrup food products, e.g., high fructose corn
syrup, honey, agave syrup, and corn syrup, brown
cane syrup contained more nutritional phenolic
compounds and antioxidant capacity.
Food-grade (blackstrap) molasses contained
very high TPC (2941 to 3024 mg/L; Table 2)
which were comparable if not slightly greater to
TPC reported for antioxidant rich pomegranate
juice (2882 mg/L; Eggleston, 2018). The higher
TPC contents generally caused higher % RSA
antioxidant values for the various molasses in

Table 2. Antioxidant RSA values, however,
varied with molasses brand, which may be due
to antioxidant inhibitors occurring in various
molasses. Saska and Chou (2006) and Koge
et al. (2006) previously reported that phenolic
compounds in commercial cane molasses are
related to their antioxidant and color properties.
Presently, the main uses of cane molasses are
for cattle feed and the manufacture of some
fermentation products including yeast, citric acid,
potable and fuel ethanol, but molasses value as a
dietary nutrient may open up more new markets in
the future (Eggleston, 2018).
It is shown in Table 2 that cane vinegar even
contains phenolic compounds (280 mg/L) and
antioxidant values of 8.4% RSA and 11.2 µmol
TE/g (ORAC). This suggests that even in the
presence of high amounts of acetic acid, there
is still antioxidant activity, although more cane
vinegars now need to be studied to verify this.

Phenolic compounds in “natural”
solid sugars compared to solid
cane sugars

The increased demand from consumers for more
“natural” sugars has had two great impacts:
(1) Huge growth for “unrefined” and “natural”
products of sugarcane, and (2) Increased marketing
and consumption of alternative “natural”
sweeteners including honey, maple, agave, and
sweet sorghum syrups, monk fruit and stevia leaf
extracts, and sugars from coconut, palm, sweet
sorghum, and dates. Some of these “natural”
sweeteners contain their own antioxidants and
are being marketed as “antioxidant rich”, and
certain artificial sweeteners are being enriched
with antioxidants as they are void of such nutrients
(Fig. 2). All this while, cane products (centrifuged
and non-centrifuged) are a natural, rich source of
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antioxidants and urgently needed to be marketed
as such.
Solid “natural” sugars from coconut, honey,
palm, maple, and dates are now being found in
many US supermarkets, co-located with cane
sugars. Examples of these solid sugars, along
with centrifuged (refined, organic, light brown,
and dark brown cane sugars) and non-centrifuged
(piloncillo and panela) cane sugars are illustrated

Fig. 2: Currently booming antioxidant market in the USA includes
the enrichment of artificial sweeteners and presence in natural

in Fig. 3. None of the non-cane solid sugars were
crystalline because they are typically produced
from milling larger, amorphous masses, causing
them to be less attractive to consumers than cane
crystals (Fig. 3 and Table 3).
As with the cane factory and refinery products
listed in Table 2, the TPC of all the solid sugars in
Table 3 tended to increase with increased color,
although palm sugar (light brown) had a very
low TPC of 47 mg/L. Date sugar had the highest
TPC of 4058 mg/L but panela was very close at
3906 mg/L (Table 3). Palm sugar had low TPC
and low antioxidant values, whilst maple and
honey sugars had TPC and antioxidant values
similar to light brown cane sugar. The honey
product, however, was mixed with cane sugar
so it was impossible to gauge the contribution
of honey alone. Coconut sugar exhibited TPC
and antioxidant values similar to light brown
sugar, but dark brown sugar was more nutritious.
Organic brown coconut sugar had considerably
higher values than coconut sugar. Overall, these
results suggest that brown cane sugars had similar
if not better TPC and antioxidant values than the
other solid natural sugars and, additionally, they
were markedly less expensive to purchase.

Fig. 3: Various solid products of sugarcane, as well as other natural sweeteners, currently filling USA grocery
shelves. The natural sweeteners include honey powders, coconut sugars, date sugars, and maple sugars
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Table 3: A comparison of the physico-chemical properties of “natural” solid sugars sold in the USA
Cane sugars are italicized
Product

Refined White Cane Sugar
Organic Cane Sugar
Organic Maple Sugar
Honey Sugar (with Cane Sugar)
Light Brown Cane Sugar
Palm Sugar
Dark Brown Cane Sugar
Organic Brown Coconut Sugar
Coconut Sugar
Date Sugar
Piloncillo
Panela Dark

Cane extracts

Form

Visual Color

Total Phenolic
Content
(mg/L)

Antioxidant
DPPH
(% RSA)

Antioxidant
ORAC
( µmol TE/g)

Crystalline
Crystalline
Granulated
Powder
Crystalline
Solid
Crystalline

White
Ivory
Ivory
Ivory
Light Brown
Light Brown
Brown
Brown
Brown
Dark Brown
Dark Brown
Dark Brown

0
80
592
560
722
47
1371
1520
718
4058
3080
3906

0
2.3
17.9
8.2
9.7
0
14.0
20.2
8.8
16.3
19.6
24.7

107
173
292
421
277
212
634
1440
287
1462
1462
1344

Granulated
Granulated
Solid
Solid

Like for other plants, in the past two decades
there have been numerous investigations on
sugarcane extracts, including their physiological
functions and use in health foods. This has led
to the commercialization and sale of Sugar Cane
Extracts (SCE), especially in Asia where markets
for nutraceuticals are expanding (Nagai et al.,
2001). For example, Mitsui Sugar Company in
Japan, currently produce and sell a variety of SCE
products for various target markets. There are
four main types of SCEs named, 1, 2, 3, and 4, in
order of the discovery of the SCE’s physiological
effect (Nagai et al. 2001). SCEs 1 and 4 are
prepared from cane juice. For SCE 1, the adsorbed
substances of interest are concentrated using
synthetic adsorbent chromatography whereas SCE
4 is obtained by chromatographic separation with
ion exchange resin (Koge et al., 2006). SCE 3 is
prepared from sugarcane bagasse by extracting
with hot water. SCE 2 consists of volatile
compounds from sugarcane processing that have
been adsorbed on and stripped from a synthetic
adsorbent resin (Koge et al., 2006). SCEs have
been reported to have a myriad of functions
that are very useful and make them effective as
ingredients in functional foods, health foods,
and functional animal feed. Moreover, they are
safe natural products and relatively inexpensive
compared with other extracts because sugarcane
is already a mass-cultivated global crop (Koge et
al., 2006). For a full review of these functions the
reader is referred to Koge et al. (2006).
Another extracted cane product named
MEGANOX™ antioxidant is currently being
sold in the Philippines by Forever Living Corp.
MEGANOX™ is a refined cane molasses extract
produced from clarified sugarcane juice being
sold as either a liquid (MEGANOX™L) or a dried

Fig. 4: Scheme of possible extractions technologies of
antioxidants from sugarcane products or by-products and
factors that will influence extractions

powder (MEGANOX™).
As previously stated in this paper, molasses
a by-product of sugarcane processing, is a rich
source of phenolic antioxidants and other byproducts such as clarification mud, may also be
sources. The antioxidant extraction technology
for both sugarcane products and by-products
will depend on numerous pre-extraction and
extraction factors, which are illustrated in Fig.
4. Conventional solvent extraction is the most
widespread industrial technique for the extraction
of antioxidant compounds from red fruits and
other plants (Hidalgo and Almajano, 2017), but
is energy intensive. Anion exchange resins have
been used to extract cane phenolic compounds
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from sugarcane syrup at 4 g/L resins per cycle
(Saska and Chou, 2006) but are not as selective
as activated carbons in removing phenolic
compounds (Paton and Smith, 1982).
Studies are now warranted to investigate
adsorbing and desorbing phenolic/flavonoid
components from sugarcane by-products using
either granular (GAC) or powdered (PAC)
activated carbon or even just simply extracting
with alcohol or supercritical CO2 extraction with
ethanol as co-solvent

Conclusions

• Sugarcane is a rich source of phenolic
compounds and antioxidants
• Other competitive sweeteners are being fortified
with antioxidants and yet the sugar industry is
not marketing competing natural brown sugars
etc., as rich in natural antioxidants
• Consumers, especially young (purchasing)
consumers, in the USA and other countries,
want more natural foods and are familiar with
antioxidants and prefer extracts
•  There are various technologies available to extract
phenolic compounds from sugarcane products and
by-products and studies are now ongoing
• Extracts of cane add value to by-products (e.g.,
molasses, syrups) and other product streams
(refinery). They represent underutilized and
inexpensive sources of key dietary nutrients that
could open up new markets for the sugarcane
industry and give it an edge in an already
competitive and fast growing market.
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Abstract

Chemical cleaning still provides the most cost-effective method of cleaning the
evaporators and heat exchangers in a sugar mill. However, operating procedures
can have a profound impact on scaling propensity as well as cleaning effectiveness
and efficiency. There has been little research into the characteristics of scale formation
over the last 10 years, but recent developments in remediation, scale analysis and
advancements in other chemical industries may allow new cleaning strategies for sugar
mill evaporators to be developed and thereby improve cleaning performance. Some best
practices used by sugar factories in the use of preventative and post-operation cleaning
chemicals are reviewed. Recent experiences from several sugar factories in modifying
evaporator cleaning procedures to improve the efficacy of scale removal are detailed.
Recent research that has provided pointers for a step-change in the development of
improved chemical-cleaning formulations is provided.
Keywords: scale, fouling, chemical cleaning, evaporators, heat exchanger
Revisión de las prácticas actuales en la limpieza de evaporadores
Resumen La limpieza química todavía proporciona el método más rentable para limpiar los
evaporadores e intercambiadores en un ingenio azucarero. Sin embargo, los procedimientos operativos
pueden tener un impacto profundo en la propensión a la incrustación, así como en la efectividad
y eficiencia de la limpieza. Ha habido poca investigación sobre las características de la formación
de incrustaciones en los últimos 10 años, pero los desarrollos recientes en remediación, análisis de
incrustaciones y avances en otras industrias químicas pueden permitir que se desarrollen nuevas
estrategias de limpieza para los evaporadores en ingenios y, por lo tanto, mejorar el desempeño de la
limpieza. Se revisan algunas de las mejores prácticas utilizadas por las fábricas de azúcar en el uso de
productos químicos de limpieza preventivos y posteriores a la operación. Se detallan las experiencias
recientes de varios ingenios en la modificación de los procedimientos de limpieza del evaporador para
mejorar la eficacia de la eliminación de incrustaciones. Se proporcionan investigaciones recientes que
han proporcionado indicadores para un cambio radical en el desarrollo de formulaciones mejoradas de
limpieza química.
Palabras clave: incrustación, ensuciamiento, limpieza química, evaporadores, intercambiador de calor.

Introduction

During factory operations, scale is continually
deposited onto the heating surface areas of
evaporators. The thermal conductivity of the
scale is much less than the thermal conductivity
of the heating tubes, thus increasing resistance to
heat transfer. Continued build-up of scale during
operation produces a continual decline in the heattransfer coefficient (HTC) of the vessel. A decline
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in HTC will decrease the rate at which juice can
be processed, and so mills stop to enable the
evaporator vessels to be cleaned.
Chemical cleaning of evaporators can take
6-8 hours on average and is generally carried out
after every 2 weeks of factory operation. At an
estimated cost of AU$72,000 per day of operation
(largely dependent upon the mill) and an average
total factory downtime of 3.5 days for cleaning,

any reduction in cleaning times is economically
advantageous. In addition, the cost of the
chemicals required to clean the heating surface
areas is approximately AU$140,000 per year per
mill for a mill crushing 1.5 Mt of cane per season.
The cost of downtime if other maintenance
requirements are not programmed and the cost of
chemicals can exceed AU$400,000 per year.
Recently, there has been increased interest
in the cogeneration of power and, therefore,
in minimising the amount of steam consumed
within a factory. This has increased the bleeding
of vapour from evaporators to heaters and pans.
To achieve consistent vapour bleeding from
an evaporator set, it is necessary to maintain a
consistent HTC across the evaporators to ensure
that the temperature of the bleed vapour available
for heating is sufficient.
The main cleaning agents used by Australian
sugar factories are caustic soda, sulfamic acid,
EDTA, and mixtures thereof (Doherty et al. 2008;
Doherty 2010). However, caustic soda is the only
agent used in each cleaning cycle, and, while it
is not effective to remove certain scale types, its
performance declines in each subsequent cleaning
cycle because of accumulation of suspended
solids and soluble impurities (e.g. silica, calcium,
phosphate and oxalate ions, proteins, degraded
bagacillo). During cleaning, the mode of action
of caustic involves physical and physicochemical
transformations such as wetting and swelling, and
chemical reactions such as hydrolysis, peptisation
and solubilisation, leading to the production
of soluble and dispersed products. The current
methods used in the sugar industry for clean-up
of the caustic are draining sediments from the
base of the conical tanks or by partial disposal and
top-up. These methods do not remove soluble and
suspended solid impurities, and, with repeated use
of caustic, the accumulation of impurities reduces
the effectiveness of the caustic solution.
Here, we detail methods used to remove
and prevent scale build-up, and engineering
system designs that highlight some best practices
employed by the industry to reduce the impact of
scale on the operation and productivity of sugar
mills. We also examine recent research aimed
at improving the understanding of scale species
and their interactions with cleaning agents to
assist in the development of improved cleaning
formulations and efficacy.

Effect of scale on the
evaporator station

Given that the nature of scale composition is
affected by both temperature and concentration of
the juice, it is a common occurrence to have one
vessel in an evaporator set scale faster than other

vessels. Those evaporators that generally scale
much faster in a set are the vessels in the first effet
position and the last effet position. This is mainly
because the temperatures and concentrations at
these positions favour scale deposition.
If a set becomes heavily scaled, different
techniques may be used to reduce the impact on
factory productivity, including:
• Raising the steam pressure;
• Reducing maceration water rate to the
milling train;
• Lowering the syrup brix;
• Reducing filter wash water application rate; and
•  Venting vapour to atmosphere (say at #1 effet
position), with increased steam flow to the first
effet vessel.
It is important to be aware that a reduction in
maceration water and filter wash water may cause
a reduction in the efficiency of sugar recovery.
Venting of vapour, with an associated increased
steam flow, will increase the juice brix in the effet
positions upstream of the point of venting. These
effet positions may likely experience an increase
in the rate of decline of HTC, due to the increased
brix of juice.
These techniques can only sustain the
evaporator set for a certain time and, once unable
to maintain the target juice processing rate for the
factory, the only option is to stop the factory to
clean the evaporator set.
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Current chemical-cleaning practices
General

Approaches adopted by mills to determine when
cleaning is required include cleaning at regular
intervals, cleaning when unexpected delays occur
such as wet-weather stops, shortages in cane
supply, or equipment breakdown, or cleaning
when the evaporator set becomes rate-limiting.
The latter is the preferred approach, especially
when extensive vapour bleeding is adopted, as
it ensures that the minimum number of cleans is
carried out in the season. This preferred approach
requires monitoring the evaporator set and is
determined by accounting for the chemical costs
of cleaning, downtime and the loss in production
rate, and can generally be determined a few days
in advance.
There are many ways to identify when
evaporators become heavily scaled or rate
limiting, such as increasingly high operating levels
of the evaporator supply juice tank. Steam flow
rates, calandria pressures and calculated HTC of
an evaporator set also provide a quick assessment
of the performance of the stations. It is, however,
just as important to know the performance of
individual vessels, as any one vessel can influence
the production rate of the station.
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• For the caustic (and EDTA) boiling step a finalvessel boiling temperature of 60-80°C is used
across the industry depending on the vacuum
set-point used during cleaning.
• During cleaning, levels in the evaporators are
maintained by the addition of hot water into
the first vessel or, if available, hot water sprays
in each vessel. Typically, a level just above the
calandria is used to ensure contact between the
cleaning solution and scaled heating surfaces.
At the completion of the cleaning process, the
effet levels are lowered and the caustic/EDTA
solution is concentrated before being pumped
back to the working tank.
•  Acid-cleaning steps are not generally undertaken
as part of the normal cleaning process at many
Australian factories. However, prior to the
start of the season the evaporators at some
factories are sometimes soaked in sulfamic acid
overnight.
•  Almost half of Australian sugar mills use either
or both of polyacrylic acid or polymaleic acid
scale-inhibitors dosed to the feed lines to a
single evaporator or to multiple evaporators.

To effectively remove all scale types from an
evaporator set, sugar mills use a combination of
the following chemicals (Rein 2007): caustic soda,
sulfamic acid, EDTA and EDTA cocktails. In many
cases, the strategy adopted by sugar mills involves
a two- or three-step process. This cleaning protocol
is not only laborious and time consuming, it is also
expensive. An effective one-step cleaning procedure
with reduced disposal problems was developed
(Doherty and Rackemann 2007). However, this
one-step cleaning procedure has not been widely
adopted by the Australian sugar industry, as the
formulation was deemed too expensive, but it has
found recent interest in overseas sugar industries
(LePage and Ramirez 2018).

Current practices

Collated data of a survey of Australian sugar mills
on current cleaning practices and scale-control
measures (Doherty and Rackemann 2007) as well
as information on factory procedures that we
obtained recently indicate that:
• Most mills stop for a planned maintenance stop
approximately every 2 weeks with one-quarter
of mills operating for roughly 3-4 weeks
between cleans.
• Each factory empties the evaporator set by
transferring the juice to either a juice tank or the
pan stage depending on brix, with this material
returned to the evaporator station prior to the
restart of crushing.
•  The cleaning procedure used by most mills
involves draining the evaporator vessels,
flushing with water and then boiling in a onestep (caustic only), two-step (caustic/EDTA)
or three-step (acid, caustic, EDTA) process
followed by either a final water boil or flush.
Some mills use only caustic soda for cleaning
throughout the entire crushing season, but the
most common is a mix of caustic and EDTA.
EDTA boils are usually targeted at the final
vessels and are completed at every or selected
chemical cleans.

Composition of scale and spent
caustic-cleaning formulations

We have conducted a detailed assessment of
scale composition and the quality of spent
cleaning solutions collected from several mills.
Understanding the composition of the prevailing
scales enables the determination of the most
suitable cleaning chemicals and practices to
remove the deposits. Table 1 provides the
composition of scales obtained from four factories
based on historical data and elemental composition
of analysed scale samples. A rough estimate of the
proportions of the phases has been described as
trace, minor, medium, major and major dominant,
based on the elemental composition, and an
arbitrary scale that we selected.
The effectiveness of a chemical cleaning
process is dependent on the amount of active

Table 1: Qualitative scale composition before chemical cleaning*
Scale component

Mill A No. Mill A No. 5
4 effet
effet

Mill B No. 5
effet

Mill C No. 4
effet

Mill C No. 5
effet

Calcium oxalate (mono/dihydrate)

Major

Major

Major dominant

Major dominant Major

Major

Amorphous silica
(monomeric /polymeric)

Major

Major dominant

Major dominant

Major

Major dominant

Hydroxyapatite (OH)/apatite
(F, OH, Cl)/ calcium phosphate

Minor

Minor

Minor

Major dominant Medium

Major, dominant

Mill D No. 5
effet

Minor

Calcium magnesium aconitate

Minor

Medium

-

Major

Medium

-

Calcium sulphate

-

-

-

-

-

Medium

Goethite/rust

Minor

Trace

Trace

Trace

Minor

Trace

*Calcium oxalate, 14-23% CaO (major), >30% CaO (major dominant); amorphous silica, 19-31% SiO2 (major), 40-47% SiO2 (major dominant); hydroxyapatite, 1-2% CaO (minor), 2-4%
CaO (medium), 4-20% CaO (major); calcium magnesium aconitate, 2% MgO (minor), 6% MgO (medium); 9% MgO (major); calcium sulphate, 1-6% SO3 (medium); goethite/rust, 1%
Fe2O3 (trace), 2% Fe2O3 (minor).
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Table 2: Analysis of working caustic cleaning solutions
Density, g/cm3

Brix (Bx)

Caustic conc.
(%)

Caustic purity
(%)

EDTA conc.
(%)

Insoluble
solids (%)

Mill A working

1.77

43.74

9.8

45

6.75

19.6

Mill A stock

1.53

56.40

53.0

86

Mill B working

1.61

32.65

5.3

32

4.75

0.1

Mill C working

1.66

24.74

7.8

62

3.71

1.0

Mill C stock

1.54

56.20

46.6

97

Mill D working

1.56

17.93

4.1

43

1.90

1.1

Sample

ingredients in the solution, with caustic the
predominant cleaning chemical used. Cleaning
efficacy also depends on the amount of insoluble
and soluble material in the solution, and, hence,
the purity of the solution. So, it is important to
check the effectiveness of the working cleaning
solution on a regular basis.
We completed analyses on the working caustic
solutions obtained from either the working tank
or fresh caustic from the stock tanks at the four
factories (Table 2). These analyses included
density, brix, and caustic strength (by HCl titration
after BaCl2 treatment was used as a precipitant
for interfering ions). Caustic purity was estimated
based on comparison to an analytical-grade caustic
soda solution.
The results show significant variation in
composition across the mills. The purity of the
fresh caustic stock solution at Mill A (86%) was
lower than expected, but we found no reason
for this anomaly. The working caustic solution
apparent purities for all mills were reasonably
low. This indicates that many suspended
and dissolved solids are in solution, which
invariably reduces caustic efficacy. The caustic
concentration for Mills B, C, and D were very
low. A large amount of insoluble solids (~20%)
was found in the working cleaning solution at
Mill A with >75% of these solids being water
soluble. Fine suspended solids that did not settle
in the working tank during storage were present
in samples from Mills B and C.
The elemental composition of the working
caustic solutions showed that approximately
40-50% of the sodium content in solution is
accounted for as caustic soda, with the remainder
being the sodium linked to EDTA, as EDTA
tetrasodium salt is used for cleaning. Iron and
phosphorous was high in some of the spent caustic
solutions, both of which are known to reduce the
efficacy of EDTA. Typically, internal paint finishes
are applied to caustic/chemical storage tanks to
avoid rust contaminating the cleaning chemicals.
A high sulphur content of the working solution
can imply the presence of calcium sulphate scale
in the evaporators, as the use of EDTA results in

the dissolution of this compound during cleaning.
Similarly, cleaning solutions containing high
amounts of Si (amorphous silica) indicate that
the operating conditions (particularly the caustic
strength) are adequate for silica removal.
In another study, Tableland Mill staff found
that the bottom plate pack in the falling-film plate
evaporator (not typical within the Australian
sugar industry) was partially blocked with scale
deposited on one side of the pack at the end of
the 2016 season. Our comprehensive analysis of
the scale deposit from the falling-film evaporator
at that mill indicated that organic matter and
proteins are the main components of the deposit.
The analysis of spent cleaning material indicated
that the caustic strength was only 7% (33 Bx)
with a purity of 34%, and it contained high
concentrations of calcium, silicon and sulphur,
iron and organic material. These results imply
that considerable suspended and dissolved solids
are in solution and that the caustic strength is
further compromised with interfering impurities.
The accumulation of impurities also increases
the surface tension of the solution, which is
known to reduce cleaning performance. The use
of surfactants is a strategy used in beet-sugar
processing and other industries to improve the
efficacy of caustic solutions (Grossman 2014;
Gesan-Guiziou et al. 2007). Surfactants reduce

Figure 1: Falling-film plate pack scale: (a) after initial cleaning
with spent caustic and (b) after cleaning with fresh caustic
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surface tension to improve penetration of the
cleaning solution into the scale matrix.
After disposing of most of the spent caustic
and using fresh caustic at a strength of 15 wt%,
better cleaning performance of the falling-film
plate evaporator was achieved (Figure 1), although
residual scale remained. A higher concentration of
20 wt% caustic was also tested in the laboratory,
but was less effective than 15 wt% concentration,
likely due to increased surface tension of the
higher concentration caustic.

Recommendations
Cleaning facilities

The types of facilities (storage tanks, pumps,
sprays and transfer lines) used to deliver the
chemicals to the evaporators can assist to ensure
minimal time is required for chemical cleaning.
Many mills have the flexibility to boil different
chemicals in different vessels of the set. This
provides flexibility to allow targeted cleaning.
For mills using sulfamic acid, a small working
tank is generally used to prepare the cleaning
solution from powdered form for transfer to the
evaporator vessels.
Caustic soda is the only cleaning agent used in
each cleaning cycle, and, while it is not effective
to remove certain scale types, maximising its
performance is likely to ensure that the most
effective overall evaporator cleaning occurs.
In general, caustic is stored in two tanks; one
tank contains a strong caustic solution with a
concentration of approximately 50 wt%, which
is supplied generally by delivery tankers; the
other tank, which is much larger, is the working
caustic tank.
The small concentrated caustic tank provides
the makeup of caustic to the working caustic tank
to ensure that the correct concentration of caustic
is available before a clean is initiated. As any
scale dislodged during the caustic clean will end
up in the working caustic tank, it is recommended

Figure 2: The ideal caustic tank with conical base and drain pipe
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that the tank is designed for the removal of scale
sludge from its base. This can be achieved with a
conical base, which is raised from the ground and
fitted with a large drainage pipe located at the
apex of the cone-shaped base (Figure 2).
The size of the weak caustic tank should be
designed to ensure that it can hold at least the
sum of the total volume of caustic to completely
submerge the top tube plates of the calandrias,
or the top of plate packs for falling-film plate
evaporators.
To facilitate the cleaning process, transferring
the juice to the pan stage by pushing the juice
through the set with water allows the transfer of
a more concentrated juice, and returns a more
diluted juice prior to the restart of crushing.
This method minimises sucrose degradation that
will occur during the non-processing period as
a more concentrated juice is stored at a lower
temperature.
For minimal disruption a separate highpressure water pumping circuit that allows
spraying times to be minimised and thus allows
maximum cleaning time available for the boiling
of cleaning chemicals should be used. Sprays
for each vessel should be turned on individually
for a period to maximise the water pressure and
water volume in the spray. Installing a common
caustic drain line under the effets allows all of
the vessel drain valves on all of the effet vessels
to be opened, speeding the removal of the
cleaning solution.

Spent caustic formulation

We recommend maintaining the brix loading
of the recycled working caustic to a value
typically no greater than 15-20 Bx, as higher
values are not effective and would probably
result in redisposition of materials in the
evaporators during chemical cleaning, thus
reducing cleaning efficiency.
As the scale deposit from the falling-film
evaporator at Tableland Mill was mainly
composed of organic matter and proteins,
a 15 wt% fresh caustic solution should be
effective in wetting the scale and dissolving
it. For a highly fouled plate evaporator having
composition similar to that at the Tableland Mill,
we recommend that a large proportion (or all)
of the working tank solution should be dumped
(as impurities increase surface tension of the
solution) and using fresh caustic or if possible
add fresh caustic direct to the plate evaporator,
at a caustic strength of 15 wt% to achieve a
more effective clean. Additionally, the use of
surfactants will also reduce surface tension and
improve contact between the cleaning solution
and the scale deposit.
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Other recommendations

Other recommendations for achieving best practice
to improve the efficiency of the evaporator
cleaning performance and timeliness include:
• Calculate and monitor the HTC values of
individual evaporator vessels. The trend in
HTC decline with time is a valuable tool in
predicting when a vessel will become rate
limiting under current operations and will
require cleaning. This can (i) ensure that
chemical cleaning costs can be minimised, (ii)
ensure that chemical cleaning is undertaken
before the scale becomes too recalcitrant and
difficult to remove, and (iii) allow monitoring
the cleaning effectiveness by comparing the
HTC values before and after cleaning.
•  All mills should strive to have the hottest
solution temperature as possible when
undertaking a chemical clean using caustic or
EDTA. The effectiveness of caustic and EDTA
to dissolve and dislodge scale is dependent on
how hot the cleaning solution is and the target
should be close to 100°C.
•  An EDTA active ingredient strength of ~10 wt% is
recommended. EDTA solutions >15 wt% should
be avoided to prevent it salting out. Residual EDTA
concentrations in the cleaning solution can
indicate an ineffective cleaning process and can
be due to a low heating temperature.
•  The boiling times are important to provide
adequate time for the chemicals to react,
dislodge or dissolve the scale deposits. Whilst
boiling times are sometimes restricted by
factory production pressures, we recommend
that the target for caustic boils is 3-4 h, EDTA
of at least 2 h and sulfamic of 1-2 h.
•  The source of water used during cleaning
is not expected to impact on cleaning
effectiveness. However, the temperature of
the water is important. The periodic addition
of cold water is preferred, particularly in the
final vessels, because it initially lowers the
temperature of the cleaning solution and as
heating progresses to bring the solution back
to boiling, the formation of bubbles in the
process assist in the physical dislodgment
of scale from the tubes. This physical
dislodgement reduces the amount of scale
dissolved in solution, and, hence, reduces the
rate that EDTA becomes spent.
•  The boiling levels during cleaning are
nominally just above tube plate in the
evaporators at some of the factories. We
recommend, especially in the final effets, to
have the solution level ~50% of the tube height
to commence boiling for at least 1 h, thereafter,
increase the level to just above the tube plate
for the rest of the boiling time.

Recent research on scale removal

There has been limited research conducted on
evaporator cleaning in the Australian sugar
industry over the last 10 years, but recent
research (Phakam et al. 2017, 2018) has
highlighted new information on the type of
intractable scale species, such as silica, present
and their interactions with cleaning agents. This
provides indications on strategies that could be
employed in the design of new chemical cleaning
formulations. Advanced 29Si nuclear magnetic
resonance (29Si NMR) and scanning electron
microscopy techniques were used to examine
the composition and the structural features of
residual scale after caustic treatment and using
a second treatment of EDTA or acid to unravel
the transformations of silica. Apatite, calcium
oxalate, calcite, quartz, tricalcium aconitate and
non-diffracting materials including amorphous
silica were present in the scale deposits tested.
In Phakam et al. (2017) the analysis revealed
that monomeric silica species were preferential
removed by caustic over oligomeric and
polymeric species, while 29Si NMR analysis
identified the types of silica units (Q0, [Si(OH)4];
Q1, [(OH)3*Si(OSi)]; Q2, [(OH)2*Si(OSi)2]; Q3,
[(OH)*Si(OSi)3] and Q4, [*Si(OSi)4)] species)
present, rearranged, and removed. After chemical
cleaning, the scale components became truncated
and the morphology of tetragonal calcium oxalate
was found to be distorted and the proportion of
crystalline phases decreased through fragmentation
of the scale.
Phakam et al. (2018) found that the use of
dilute acid resulted in the formation of complex
and intractable silica species (Q3 and Q4) as a
consequence of re-organization/repolymerisation

Figure 3: 29Si NMR spectra of fifth-effect scale samples: (a)
residue; (b) residue after acid treatment; and (c) residue after
EDTA treatment
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processes (Figure 3). On the contrary, the use of
an alkaline solution resulted in the formation of
simpler silica species (Q0 and Q1) that are easier
to remove. They also found that the conventional
cleaning chemicals (caustic and acids) can react
with scale components, and in some cases, result
in compounds that become intractable to remove.
The study also revealed that changing the
morphology of the scale during cleaning enhances
scale removal from the heated surfaces.

Conclusions

All sugar factories are impacted by the disruption to
operations due to scaling, and more so for factories
where evaporators are rate limiting. Here, we have
highlighted some best practices for maximising the
effectiveness and efficiency of chemical cleaning.
Issues that mills need to be consider in adopting
new or best practice cleaning strategies include the
chemical costs, requirement for additional storage
tanks and other ancillary equipment, and employee
health and safety concerns.
Analyses of scale and working caustic
solutions can provide valuable trouble-shooting
information to enable matching suitable cleaning
chemicals to target specific scale types that may
be prevalent and identifying issues in existing
cleaning procedures.
Recent research outputs have highlighted new
information on types of intractable scale species
and their interactions with cleaning agents that
can be exploited to develop improved cleaning
strategies or cleaning formulations.

Hywit Dimyadi I Shutterstock

*This paper was presented at the 2019 Australian
Society of Sugar Cane Technologists annual
conference and is published here with the
agreement of the Society.
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Editorial Comment
Scourge of sugar smuggling can’t go
on – apathy continues to damage

Mr. Kosal I Shutterstock

“Illicit trade ..is crowding out legitimate economic activity, depriving governments of revenues for
investment in vital public services, dislocating millions of legitimate jobs and causing irreversible
damage to … human lives.” Jeffrey Hardy, Director-General of the NGO TRACIT

Prostitution may be the oldest profession in the world, not far
behind, at least in the modern world must be smuggling. For
many sugar industries in the developing and emerging economies,
smuggling continues to be a damaging distraction to their
businesses. Ramifications are serious when the impact is adverse as
sugar companies support rural development, plus, the government
treasuries are poorer from the reduced collection of taxes and tariffs.
Then there is also the spillover impact on businesses supplying
goods and services to local sugar factories. I well remember talking
to the CEO of a European company supplying an instrument for
analysis and control for a sugar production process at the ATALAC
event in Cali, Colombia in 2018. He said that the business in the
region had subsided in the recent past. It became apparent that
due to smuggling, local sugar companies could not compete in
the domestic market for their sugar, as a result, did not have the
financial means to upgrade their operations. What is risible is that no
institution in the sugar industry has addressed smuggling head on –
to choke off the source – after all, there are not that many countries
that produce surplus sugar.
As for the World Trade Organization, it “appears pitifully
equipped to deal with this problem. The WTO, which is the
multilateral body responsible for regulating global trade, not only
has rather limited tools to deal with illicit trade but also has the
potential to impede or constrain states’ efforts in curbing illicit
trade.”1 With smuggling perpetrated by corrupt individuals/
organised bodies, it is, therefore, understandable why WTO is

ineffective in prosecuting it.
I have been editing the journal for some 20 years now and have
attended most of the sugar industry’s key and regional events on a
regular basis. Not once has smuggling been on the agenda at these
events. This is not too surprising as, more often than not, it is the
small, fledgling industries that are affected and do not register a
tremor on the radar. One exception was in 2014 when at the 4th
Sugar Outlook Africa conference in Kenya (which I learnt from
press reports) Rosemary Mkok, chief executive of the Kenya Sugar
Board, pointed out that smuggling is a big problem, with large
amounts of illegal imports leading to stockpiles and pushing down
sugar prices – in the period between January and April 2014 sugar
prices declined to a low of US$36 for a 50-kilogram bag, against an
average industry break-even of US$43.
It’s a damning shame that the likes of the influential
intergovernmental International Sugar Organisation have not
addressed the smuggling scourge. Only time will tell if the newly
formed African Sugar Development Task Force will be a force for
good, or toothless, in attacking the problem.
While apathy reigns, small sugar industries continue to be
victims. Simply put, smuggling amounts to unfair competition,
damaging local industry. Recent press reports noted that the sugar
producer Compagnie Sucrière du Tchad (CST) is on the brink of
collapse as it has not been able to sell its sugar for more than eight
months due to smuggled sugar flooding the local market (see2). Late
last October, Germany’s Südzucker mothballed its factory in Fǎlesti,
one of its two factories in Moldova until April 2021, as a result of
the drop in sales from smuggling of tens of thousands of tonnes of
sugar (see3).
While lax border control and corrupt officials at a local level are
equally guilty of profiting from smuggling, it is the original sin of
dumping that is of greater concern and should be prosecuted.4

Arvind Chudasama
Endnotes
1
https://globalinitiative.net/the-world-trade-system-must-arm-itselfto-fight-illicit-trade/
2
https://internationalsugarjournal.com/chad-local-sugar-companyverge-on-collapse-due-to-smuggling/
3
https://internationalsugarjournal.com/moldova-sugar-smugglingsudzucker-to-mothball-it-falesti-plant/
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Only time will tell the extent of the impact of
Covid-19 on the industry including investment
activity. Recent press reports are replete with
forecasts of consumption falling in the wake of
the pandemic and the relative impact of the falling
demand in the global market place. But hard data
has not yet been forthcoming – speculation is
filling the vacuum left by information that can
be corroborated. What is apparent though is, that
the perceived temporary blip has as much to do
with opportunistic pricing as well as to access
to sugar due to disruptions in supply chains.
Acknowledging the possible impact, the analyst
FO Licht notes that in 2019/20 consumption is
set to drop by 0.66% but in 2020/21, it will rise
by 1.74%. Effectively, therefore, rise in demand
for sugar will continue in the foreseeable future
necessitating expansion in sugar production.
The global sugar industry is quite fragmented
and there are regions/pockets with structural
deficiencies. Countries that fall in this category,
mostly in the developing and emerging economies

sdecoret I Shutterstock
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seek to expand production when they can secure
investment. Over the past few years, countries
in Africa have attracted a lot of investment.
The continent has a deficit of some 10 million
tonnes and boasts the lowest average per capita
consumption of 17.42 kg – over 6 kg lower than
the global average. So, there is the potential for
growth in consumption there as middle income
group in the population increases. But in the
immediate future, the fallout from the pandemic is
likely to put a brake on any steady increase in this
group as economic recession looms and with it,
expansion in demand.
Sugar market generally operates in a bear
market. In the recent past, even the best run sugar
companies have been hard hit by chronically
low sugar prices. Diversification is on the rise to
provide some cushion and stability to business.
In the recent past, government supported
initiatives have seen expansion in biofuels
production, particularly in India and Brazil.
Process conversion technologies in the emerging
bioeconomy are maturing, offering sugar
companies opportunities to produce high value
products. This sector holds great promise for those
with deep pockets and able to source knowledgeintensive expertise required.
It is worth stressing that this snapshot of
investment activity over the past year is neither
exhaustive nor complete. It is compiled from
reported news in the global media. More often
than not, details are not forthcoming, and it is
not easy to corroborate. Further, for competitive
reasons probably, some companies shy away
from publicising their investment. It is also worth
noting that not all big item projects always make
it to the finishing line due to variety of reasons
– from holes in due diligence to finance drying
up early.

Investment activity in the global sugar sector over the period July 2019 to June 2020

AFRICA
Where

Investment US$/€

Cameroon

US$8.55 milllion

Comments

The Cameroonian government, through the Investment Promotion Agency, signed on June 21, agreements with
Comil SA and Sadisuc Sarl to expand factory capacity at their plants.

Côte d'Ivoire

€29 millon

Comments

The European Union (EU) is funding expanding cane production backed up by supplying agricultural equipment
and strengthening social infrastructure.

Tanzania

US$148 million

Comments

Press reports indicate that The Tanzanian businessman Mohammed Dewji is investing in the cane sugar sector.
Details were sparse though about where, factory capacity and cane production.
The UK government is investing in road construction to support cane growers supplying to the Illovo Sugar’s
Kilombero factory, to do so with ease. Poor roads in the catchment area has been a major issue for cane growers.
Illovo is expanding factory capacity. The total investment in the project of US$300 million includes small scale
farmers expanding their cane growing area and related infrastructure.

Zambia

US$9 million

Comments

The Chinese Zhongkai International is to build a new ethanol processing plant in central Zambia. The central
feedstocks for the plant will be cassava and maize.

Zimbabwe

US$40 million

Comments

President Mnangagwa commissioned the Kilimanjaro Sugar Cane project in joint venture between Tongaat Huletts
to expand both cane and sugar production. The project is expected to be completed by November 2020 and will
produce an additional 50 000 tonnes of sugar per annum.

Ghana

US$28 million

Comments

Park Agrotech Ghana Limited is expected to inject the funds into the dormant Komenda Sugar Factory between
2020 and 2023. US$11 million of the amount into sugarcane cultivation, US$6 million to upgrade plant and
machinery and US$11 million as working capital to bring the ailing factory back on its feet.

Mozambique

US$29 million

Comments

Tongaat Hulett, the majority shareholder in the Xinavane and Mafambisse sugar mills is reactivating production
through the investment.

Uganda
Comments

Factory/refinery capacity

Agricultural Production

4000 ha

35,000 -50,000 tonnes
Kakira Sugar Works has started manufacturing pharmaceutical-grade sugar. It appears to be through a backend
refinery.
ASIA

Thailand

US$1.298 billion

Comments

Global Green Chemicals Plc (GGC) is partnering with Kaset Thai International Sugar Corporation Plc (KTIS) in a new
build project involving building a new cane sugar factory and a biorefinery complex. The first phase is designed for a
sugarcane crushing unit with a daily capacity of 24,000 tonnes; an ethanol production plant with a daily capacity of
600,000 litres per day; a 85 MW cogen plant; and a boiler unit with steam consumption at 475 tonnes per hour. The
second phase will focus on upstream biobased feedstock for biodegradable plastics, cosmetics, additives, animal
feeds, personal care, home care and fragrances.
€400 million

24,000+ tcd

100,000 tonnes

Comments

The Austria-based Lenzing Group is constructing of a state-of-the-art lyocell fibre production plant in Prachinburi.
Lenzing’s pioneering REFIBRA™ technology employed involves upcycling a substantial proportion of cotton scraps,
for example from garment production, in addition to wood pulp sourced from certified sustainable forestry.

Comments

The biotech start-up Advanced Biochemical (Thailand, (ABT)) is boosting the amount of biobased epichlorohydrin
(ECH) it produces at its facility in Map Ta Phut, Thailand, to 120,000 tonnes/year – an increase of 20,000 tonnes.
ABT has produced its biobased ECH since 2012 using a patented technology, based on natural and renewable
glycerine instead of propylene, a fossil fuel derivative.

Sri Lanka

US$2 million

Comments

The Kantale Sugar Factory which was closed for 30 years is set to open in August with an injection of funding
from a consortium of Israel, London, Singapore and Sri Lankan investors. The machinery to commence factory
operations is in the process of being imported from Israel.
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ASIA
Where

Investment US$/€

India

US$218 million

Comments

Bharat Petroleum Corporation Limited (BPCL) will set up Maharashtra’s first-ever cellulosic ethanol plant in
Vidarbha’s Bhandara district. Feedstock will be rice straw.
US$42.3 million

Comments

Factory/refinery capacity

Agricultural Production

700 tonnes

200,000 litres/day

DCM Shriram commissioned 200k litres per day (KLD) distillery at Ajbapur in Uttar Pradesh
SOUTH AND CENTRAL AMERICA
200 million litres

Brazil

US$91 million

Comments

Sao Martinho SA to build a corn-ethanol plant in the state of Goiás. The plant will also generate 140,000 tonnes of
DDGS (Distiller’s Dried Grains with Solubles) per year.

Brazil
Comments

Chinese commodities trader COFCO International is to expand ethanol production at its four mills. COFCO is
building new distillation columns and tanks at three of its four plants. Details of investment were not forthcoming.
US$109 million

Comments

The Adecoagro group will be expanding and upgrading sugarcane production operations at its plantations serving
the company’s two plants in lvinhema. and Angelica, both in Mato Grosso do Sul. The company will expand cane
acreage by 14,370 ha and replant 12,590 ha of cane.

Comments

On the back of RenovaBio policy, the biofuel sector is expanding as sugar-energy groups invest in increasing
capacity. The sugar-energy groups investing in biofuel production include Raízen Energia, São Martinho, Biosev,
Balbo, Abengoa, Cocal, Coruripe and GranBio.
US$100 million

Comments

114 million to 228 million litres

The North American Lucas E3 is building a corn-ethanol plant for Maracajá Bioenergia in Mato Grosso. The
construction schedule is based on Environmental Licensing. Work on the construction of the plant should
commence at the beginning of 2021 and take between 13 and 15 months to complete.
US$75 million

Comments

The biotech start-up Amyris plans to build a factory in Barra Bonita, Sao Paulo state that will produce zero calorie
sweeteners from sugar cane. Amyris is partnering with Raizen, a joint venture between Cosan and Shell. The
plant is scheduled to be operational in 2021.
US$32 million

Comments

The Brazilian development bank BNDES approved the financing of BRL98.7 million (US$ 24.48 million) to
Canápolis Açúcar e Etanol SA and BRL30 million (US$7.46 million) to Vale do Paracatu Distillery to expand and
upgrade their cane production operations. Total investment for the Canápolis and Vale projects is BRL131.8
million and BRL40.25 million, respectively. Both the companies will contribute the difference. The bank’s financing
comes under the Finem Prorenova programme to encourage renewal or replanting and expansion of cane
production. The Canápolis project includes planting up to 3350 hectares of improved cane cultivars as well as
upgrading a factory.

Nicaragua

US$37.5 million

Comments

IDB Invest, a member of the Inter-American Development Bank (IDB) Group loaned up to US$ 37.5 million to
Nicaragua Sugar Estates Limited, a leading company in the Nicaraguan sugar sector to upgrade sugarcane
production operations. The financing will support investment in irrigation technologies as well as optimizing the
use of capital inputs (e.g. fertilizer) and use of innovative technologies (for energy efficiency).
GULF STATES
30,000 tonnes

Oman

US$200 million

Comments

Petiva Group to set up a factory at Salalah Free Zone producing ultra-low calorie, low GI rare sugars from cane
sugar using their proprietary process.
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EUROPE
Where

Investment US$/€

Factory/refinery capacity

Agricultural Production

EU

€7 million

Comments

An 11-strong European consortium secured funding for a project to demonstrate the commercial feasibility of
generating waste sugars derived from household waste and producing a range of high-performance biobased
materials and products. The consortium comprises 5 UK-based companies, 3 from Germany and 1 each from
Ireland, Italy and Denmark. The project is The VAMOS (Value Added Materials from Organic Waste Sugars).

Lithuania, Poland,
Germany, Sweden

<€100 million

Comments

Over the past year Nordzucker invested a good portion of €100 million in modernizing various components of
its beet sugar factories (e.g. boiler and beet processing system in Kėdainiai (Lithuania), completion of the white
sugar silo in Chelmza (Poland) and construction of a high-rack warehouse and a sedimentation pond for water
treatment in Uelzen (Germany), along with its multiple-year programme to increase production efficiency at its
Örtofta (Sweden) plant.

France

€50 million

Comments

Südzucker investing at its factories in Etrepagny and Roye – combination of energy efficiency and upgrade.

100,000 tonnes

Comments

The French tyre manufacturer Michelin and its partners, IFP Energies Nouvelles and Axens, are scaling up
their BioButterfly project with the construction of an “industrial prototype” plant for the production of biobased
butadiene. Construction of this industrial prototype commenced in late 2019 and is expected to be completed in
late 2020 on Michelin’s site in Bassens, near Bordeaux. Launched in late 2012, the €70-million BioButterfly project
is a 10-year scheme.
€17 million

Comments

Tereos is installing a new beet-washing station at its largest plant Connantre. Scheduled to be operational by
2021, the unit will support processing of 28,000 tonnes of beet a day, compared to 24,000 currently. The current
washing station was built in 1975.

UK

US$8.5 million

Comments

British Sugar upgrading the unit producing Limex, a soil-conditioner, at its Cantley factory.
US$57 million

Comments

The UK’s Department for Transport is funding for four new biofuel plants in its drive towards net-zero emissions.
Two projects are being funded via the Future Fuels for Flight and Freight Competition (F4C) and two via the
Advanced Biofuels Demonstration Competition (ABDC).

Belgium

€9 million

Comments

Stora Enso is investing €9 million in a pilot facility to produce FDCA (furandicarboxylic acid) from plant-based
sugars. The pilot plant will be located at Stora Enso’s Langerbrugge Mill in Belgium.

Serbia

€1 million

Comments

The sugar producer Sunoko which has three plants - in Kovacica, Vrbas and Pecinci, is establishing a research
centre for sugar beet production. The investment will duly support increase in beet productivity.

Bulgaria

US$910,000

Comments

The sugar factory Zaharni Zavodi in Gorna Oryahovitsa is investing in a new production line for packaging sugar
in paper bags. The equipment is the latest technology, sourced from Germany.
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EUROPE (CONTINUED)
Where

Investment US$/€

Factory/refinery capacity

Agricultural Production

Kazakhstan

US$775 million

Comments

The Ministry of Agriculture seeks to reduce the nation’s dependence on imported sugar by building two sugar plants
by the end of 2021. The plants will be in the Zhambyl and Pavlodar regions and each will have a capacity of 100,
000 tonnes. The plant in the Zhambyl region is expected to cost US$208 million while the Pavlodar region plant will
cost US$567 million.

100,000 tonnes

NORTH AMERICA
Canada

US$22.4 million

Comments

The biofuel start-up FORGE Hydrocarbons Corp has secured funding from Shell Ventures and a follow-on
contribution from Valent Low-Carbon Technologies to build commercial-scale, biofuel production plant in Sombra,
Ontario. The plant will deploy FORGE’s patented Lipid-to-Hydrocarbon (LTH) technology which produces
renewable jet fuel, diesel and naphtha from waste fats and oils.

USA

US$53 million

Comments

Recently launched LanzaJet secured funding from Suncor Energy Inc, Mitsui & Co. Ltd, All Nippon Airways and
U.S. Department of Energy for the construction of an integrated biorefinery that will produce sustainable aviation
fuel. The conversion technology at the heart of LanzaJet’s process comes from the U.S. Energy Department’s
Pacific Northwest National Laboratory (PNNL).

34 million litres

45 million litres

KEY
Projects with cogen component

Projects focusing on biobased products

Projects with new build ethanol plants

Sugarcane production

Spend on routine maintenance to upgrades in both field and factory

Sugar beet production

New build projects – sugar factories and refineries
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Isgec – recent new build
projects globally
Isgec, one of the leading Engineering Companies in India, is also one of the top brands in the global
sugar industry having been involved in new build projects in cane sugar particularly. In the recent past,
it has been involved in several sugar-ethanol projects in India & abroad. Some are highlighted here.
1. Ingenio Tala SA, Mexico
Backend Refinery in separate building

Plant Capacity

500 TPD (tonnes/day, expandable to 1000 TPD)
backend sugar refinery (figure 1) at 15,000 tonnes
cane/day (TCD) sugar plant (figure 2).
Working currently at 120% capacity i.e. up to 600 TPD.

Product

Refined Sugar of EU grade / EEC-1 grade (15
ICUMSA). Sugar selling to US Pharma industries.

Process Steam Use

V-2 / V-3 vapours only from existing Plat Evaporator.

Technology

Technologies used like Falling Film Melt Evaporator,
phospho-flotation clarification, deep bed filters,
ion exchange for melt decolourization and brine
recovery system.
Entire process is fully automated. Process Plant is
supported by only 3 operators and 1 engineer as
DCS operator.

Working since

2017-18

Plant Capacity

5500 TCD Process House for Cane Sugar Plant.

Product

VHP sugar / <1500 ICUMSA)

Process Steam
Requirement
Technology

<34%

Ingenio Tala SA, Mexico 15,000 TCD factory

2. Agro Olmas, Peru
Falling Film Evaporators

RBHR

The Plant boasts Falling Film Type Evaporators
(figure 3, all stages with standby). Short retention
clarifier, decanters for muddy juice filtration, horizontal
continuous pan for A, B & C boiling.
High level of automation with state-of-the-art central
control room (figure 4).
> 90%

Working Since

2017-18

State-of-the-art central control room
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3. Ingenio Trinidad, San Diego, Guatemala, SA
3D view of Milling Tandem

Milling Plant
Capacity
Product

13500 TCD
Working at 120% capacity i.e. up to 15000 TCD.
Milling tandem

Reduced Mill
Extraction (RME)

+97.5 % highest in the country & region and bagasse
moisture less than 48%.

Technology

Five-mill milling tandem (figure 5) of size 46’ x 84” 3
roll mill with UFR having assist drives (figure 6).
Main drive foot mounted planetary AC VFD motor
& assist drives shaft mounted planetary (bevel
planetary- motor vertical) on feed and discharge rolls.
High speed milling - 6 RPM.

Working Since

2014

Actual view of Assist Drive

4. Durrah Advanced Development Company, Yanbu Port, Saudi Arabia
Sugar refinery – Completed

Plant Capacity
Product

Dome-type Silo for Refined Sugar Storage

Design
Process Steam
Consumption
Design Yield
Technology

Working Since
Associate partner
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2500 TPD standalone port-based refinery (figure 7)
with 100 TPH gas / crude oil boiler & 12 MW
power plant.
Refined sugar of EEC-2 grade.
685 kg/Tonne of RSO.
97%
Standalone refinery with boasting state-of-the-art
technologies:
• Dome-type Silo (figure 8) for refined sugar storage
and conditioning.
• Unloading of raw sugar to storage through harbour
crane / belt conveyors.
• Carbonation Process of Clarification
• Filtration with Candle Filters.
• De-colourization by IER
• Brine Recovery System – Nano filtration with
Electro Dialysis System – one third chemical
consumption as compared to other technology.
Under trial stage, will start production by end of
year 2020.
TSK-Spain for on shore work / construction.

Investment activity in the global sugar sector over the period July 2019 to June 2020

5. U. P. State Sugar Corporation Limited Pipraich, Uttar Pradesh, India
Bird’s eye view of the sugar complex

Plant Capacity

5000 TCD (expandable to 7500 TCD) Backend sugar
refinery with 27 MW cogeneration power plant and
complete civil work including factory, administrative &
residential buildings on EPC basis.

Product

Refined Sugar of EU grade.

Process Steam
consumption
Reduced Mill
Extraction (RME)
Reduced boiling
house Recovery
(RBHR)
Technology

<36% on cane

Working Since

96.5%
91%
Technologies supported include falling film evaporator,
continuous pan, mills with GRPF, deep bed filters for
melt, plate type melt evaporator.
High pressure cycle Co-generation having 145 TPH, 110
ata. 540ºC bagasse fired boiler & 27 MW extraction cum
condensing turbo generator set.
2018

6. DCM Shriram Ltd. (DSCL), Hariawan, Uttar Pradesh, India
DSCL Distillery

Plant Capacity
Product
Process Steam
consumption
(Actual)
Yield
Fermentation
efficiency
Distillation
efficiency
Dehydration
efficiency
Technology

Working Since

160,000 litres/day molasses-based distillery (figure 10);
55 TPH slop fired boiler
Fuel ethanol and extra neutral alcohol (ENA)
3.66 kg/L for fuel ethanol mode
4.5 kg/L for ENA mode
225.36 L/tonne on final molasses
@38% fermentable sugar (FS)
90%
98.5%
99.5%
Modern fed batch fermentation with multi-pressure
distillation and Molecular sieve Dehydration plant with
integrated and standalone evaporation system to get
60% spent wash Solids. Incineration based Zero Liquid
Discharge system.
Incineration boiler consuming all spent wash generated
with Bagasse as supporting fuel.
2018

For further information, please contact Mr. Yogesh Marwaha, Head – International Marketing (Project Business) yogeshm@isgec.co.in
Mr. Sanjay Awasthi, Business Head - Sugar Plants & Distilleries, sanjayawasthi@isgec.co.in
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Excel Engineers and
Consultants
Some of Key, New Build Distillery Projects Commissioned during 2016-2020

Sr. Name of Plant
No. / client
1
DSCL Sugars Ltd (DCM
Shriram Group)

Project location / State

2
3

www.regreenexcel.com

Feed stock

Hariwan, Uttar Pradesh
Ajbapur, Uttar Pradesh

Distillery
capacity
160 KLPD
225 KLPD

Molasses
Molasses

Commissioning
date
RS/ ENA / Ethanol 2017-18
RS/ Ethanol
2019

SVP Industries Ltd

Mansoorpur, Uttar Pradesh

140 KLPD

Molasses

RS/ENA/Ethanol

2020

Nirani Sugars Ltd (Saipriya
Sugars Ltd)

Karnataka

126 KLPD

B Heavy,C
Heavy Molasses/
Sugarcane Syrup

RS/ENA/Ethanol

2018-19

Karnataka

150 KLPD

RS/ Ethanol

2020

Nighoi, Uttar Pradesh
Jawarpur, Uttar Pradesh
Baramati, Maharashtra
Baramati, Maharashtra

60 KLPD
Evaporation
60 to 100 KLPD
100 to 150 KLPD

B Heavy,C
Heavy Molasses/
Sugarcane Syrup
Molasses

RS/ENA/Ethanol

4

Dalmia Sugars Ltd

5

Baramati Agro Ltd

6

Uttam Sugars Ltd

Barkhatpur, Uttar Pradesh
Liberhedi Uttar Khand
Uttara Khand

7

Dhampur Sugars Ltd.

8
9

Final products

Molasses

RS/ENA/Ethanol
RS/ENA/Ethanol

2017-18
2019
2018
2019

75 KLPD
50 KLPD
40 KLPD

Molasses
Molasses
Grain

RS/ENA/Ethanol
RS/ENA/Ethanol
RS/ENA/Ethanol

2018
Under Execution
Under Execution

Dhampur, Uttar Pradesh
Dhampur, Uttar Pradesh
Asmoli, Uttar Pradesh

126 KLPD
200 KLPD
100 KLPD

Molasses
Molasses
Molasses

ENA/ Ethanol
ENA/ Ethanol
Ethanol

2018
Under Execution
2020

NSL Group

Telengana
Maharashtra

60 KLPD
120 KLPD

Molasses

RS/ENA/Ethanol

2016
Under Execution

EID Parry (INDIA) ltd

Nellikuppam,Tamilnadu
Sankali., Andhra Pradesh

75 KLPD
50 KLPD
Molasses
MODERNISATION
& EVAPORATION

ENA ETHANOL

100 KLPD
45 KLPD
35 KLPD
100 KLPD
150 KLPD

Molasses / Grain
Molasses
Molasses
Molasses
B Heavy,C Heavy
Molasses/
Sugarcane Syrup

RS/Ethanol
RS/Ethanol
RS/Ethanol
RS/ENA/Ethanol
ENA/Ethanol

2016
2017
Under Execution
Under Execution
2019

2016
2020

10
11

Rana Sugars Ltd
Tikula Sugars

12
13

Twenty One Sugars pvt ltd
Godavari Biorefineries ltd

Punjab
Uttar Pradesh
Uttar Pradesh
Karnataka
Karnataka

14

Balaji Sugars ltd

Karnataka

70 KLPD

Molasses

ENA/Ethanol

Under Execution

15
16
17
18
19

Parle Biscuit pvt ltd
Dwarikesh Sugars ltd
Shri Basweshwara Sugars
Mylar Sugar pvt ltd
Hermes Distillery Ltd

Uttar Pradesh
Uttar Pradesh
Karnataka
Karnataka
Karnataka
Karnataka

70 KLPD
110 KLPD
95 KLPD
126 KLPD
100 KLPD
50 KLPD

Molasses
Molasses
Molasses
Molasses
Molasses
Grain

ENA/Ethanol
ENA/Ethanol
ENA/Ethanol
ENA/Ethanol

2020
2020
Under Execution
Under Execution
2019
2020

20

L H Sugar Factories Ltd.

Uttar Pradesh
Nazibabad, Uttar Pradesh

80 KLPD
40 KLPD

Molasses
Molasses

RS/ENA/Ethanol
ENA/ Ethanol

Under Execution
2018

21

UP. Co. Operative

Azamgarh, Uttar Pradesh
Ghosi, Uttar Pradesh
Kaimganj, Uttar Pradesh

30 KLPD
30 KLPD
30 KLPD

Molasses
Molasses
Molasses

ENA/ Ethanol
ENA/ Ethanol
ENA/ Ethanol

2018
2020
Under Commissioning

22

Globus Spirits Ltd
New Delhi Based Company

West Bengal
Bihar

100 KLPD
80 KPD

Grain
Grain

2018
2018

23
24

Yedeshwari Agro Products Ltd
Chandigarh Distillery Ltd

Maharashtra
Chandigarh

45 KLPD
275 KLPD

Molasses
Grain

RS/ENA
RS/ENA/
ETHANOL
ENA/Ethanol
RS/ENA

Key: KLPD = 1000 litres/day ENA = extra neutral alcohol RS = rectified spirit/alcohol
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RS/ENA/Ethanol

2019
2016

Editorial Comment
Vendors reprise amidst the pandemic
– When will we see you again?
There have been numerous discussions and webinars over the last few
months which have addressed the Covid-19 related challenges the
sugar industry now faces but for the most part, these have focused on
the ramifications to the millers and the cane growers. The bottom line
seems to be that, for these two groups, the impact is minimal in terms
of the production costs and sugar price, both world and domestic.
In reality, there is another group that has not been considered:
the equipment providers, consultants and service technicians who
support the industry. Up until March of this year, we all went about
our business visiting customers and providing our expertise. The
personal touch has been standard practice for most service providers,
at least since I started working in the sugar industry over 40 years ago.
Personal relationships and friendships have developed over the years
between our customers and ourselves which, during these difficult
times, may prove to be the most valuable assets for our companies.
The services that we provide can be broken down as follows:
• Visits by sales engineers to sugar mills
• Visits by vendor engineers to survey sites for new equipment
orders, construction supervision, commissioning, and training
• Visits by consultants who provide ongoing technical support
Currently, because of the difficulties with global travel, we cannot
provide these services and at this point, this situation seems indefinite.
How does this impact on the vendors and consultants?
The sales engineers are normally very experienced sugar engineers
or technologists whose companies provide information and proposals
which allow the miller to decide on investments. Normally, such visits
involve factory visits and inspection of proposed project sites.
Once an order is placed for an item of equipment, it is usual that
a site survey will be undertaken to collect process data and details of
existing equipment into which the new plant will incorporated. This is
generally the key to a successful project.
During construction of the new equipment, site visits are made to
ensure local works are in accordance with the vendor design. Once
installation is complete, a further visit will be made to check the
installation and supervise commissioning, performance trials and
training of the factory staff.
Normally, supply contracts for equipment include financial
guarantees based on agreed plant performance parameters. Failure to
complete this activity may result in financial retentions not being paid
which impact cash flow and profitability.
One of the biggest issues any supplier faces now is the delivery of
goods and services. Shipping of goods, especially by air freight is now
prohibitively expensive. However, for some equipment, there is really
no alternative because, for example, the shipping of control systems
and instrumentation by sea freight is not ideal.
Our own company, Sugar Technology International, is not exempt
from any of these challenges. Currently, STI has ongoing equipment
supply contracts where a site presence is required for plant start up or

for trouble shooting. Trying to remotely fine tune a sugar dryer control
system via Skype or Zoom conference call with a customer from
countries where a translator is required for normal communication is
no easy task and is frustrating for both ourselves and for the customer.
We also have team members in Thailand working on long term
project assignments who are unable to take their leave or have
family members join them due to the local quarantine protocols. This
particular project in conjunction with a Chinese contractor is severely
delayed due in part to travel restrictions and to the subsequent delay
in the issuance of work permits.
This year, I only have one sales trip made to date, which was in
January to Thailand and to Indonesia. It seems likely at this point in
time that the prospects for business travel before the end of the year
are zero. Normally, my colleagues and I spend upwards of 200 days
per year on the road drumming up business. We will definitely feel the
effect of this inability to be on the road in terms of sales in 2021.
Going forward, sugar mills will continue to buy equipment and
services. The question is:How do we as suppliers operate without
the ability to travel internationally? We can train local staff but that
takes time and money. That then brings up the issue of staff retention
because historically, once they are trained, they become potential
assetsfor the local sugar mills.
Will the mill owners be understanding and support the vendors?
Currently, we do not have answers to the above questions. The
reality is that many companies still have employees furloughed. Some
companies will not survive the current business climate. We are ALL
searching for ways to adapt to this new world.
In the short term, it seems likely that the millers will lose the
services that are provided during sales visits and that the “White
Board Warrior” approach that we have all come to know and love
will disappear. Zoom, Skype or other online meeting platformscan
take you so far but at the end of the day, nothing beats 30 minutes in a
sugar factory discussing a problem and finding possible solutions with
the factory engineers.
In conclusion, I believe that the vendor and consultant groups will
be the hardest hit by the Covid-19 pandemic in relation to the sugar
industry. When we eventually arrive at some semblance of normality,
the landscape for this sector of the industry will have changed
dramatically for each stakeholder group.

Tim Milne
Sugar Technology International, 555 Republic Dr, Suite #115,
Plano, Texas 75074, USA
Mobile + 63 918 8268378,
Email: Tmilne@groupsti.com,
Tel USA: +1 214 764-2917
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IIoT for batch centrifugals
*
– initial results
Andreas Lehnberger
BMA Braunschweigische
Maschinenbauanstalt
AG, Braunschweig,
Germany
Email:
andreas.lehnberger@
bma-de.com

Abstract

Nowadays, the use of digital products has become an integral part of the private and
business environment, be it in the form of ubiquitous smartphones or the convenience
and safety functions found in the office, the home or vehicles. In manufacturing, these
developments have been slower, but also taking different forms. While automation
has become widely established at local production sites or at group level, digitalisation
projects involving the use of cloud services are not very common in process industries. As
part of the implementation of a development project for the sugar industry, the operating
data of batch-type centrifugals were locally recorded and analysed in cloud-based
applications. The information obtained can be classified into machine-related status data,
separation-process-related key figures and advanced evaluation results for the massecuite
processed and the sugar produced. The benefit of this IIoT (‘Industrial Internet of
Things’) technology, applied for the first time in the world in Australia in separation
technology, is the continued availability of the latest analyses. These analyses, which
could previously be prepared only in limited quantities and by specialists with expert
knowledge, will be available from any location and in any time zone. It is anticipated that
plant operators will be able to further improve control of their processes as a result.
Keywords: IIoT, cloud, dashboard, batch centrifugal, information levels
IIoT para centrífugas discontinuas: primeros resultados
Resumen La utilización de productos digitales es ahora un elemento fijo tanto del entorno privado
como del comercial, ya sea mediante el omnipresente teléfono inteligente, ya sea mediante las
funciones de confort y seguridad en la oficina, el ámbito doméstico o los vehículos. En el entorno de
producción industrial, estos desarrollos se manifiestan con retraso y otra intensidad. Mientras que,
en su mayor parte, la automatización se ha aplicado de forma local en la empresa o a nivel de grupo,
los proyectos de digitalización en relación con el uso de servicios de nube no se han generalizado.
En el marco de la implementación de un proyecto de desarrollo para la industria azucarera, los datos
operacionales de las centrífugas discontinuas se registran localmente y se analizan en aplicaciones
basadas en la nube. La información obtenida puede clasificarse en datos de estado relativos a las
máquinas, en índices relativos al proceso de separación, así como en otros resultados de evaluación
del magma procesado y del azúcar producido. La ventaja de esta tecnología IIoT (internet industrial
de las cosas), que se está aplicando por primera vez a nivel internacional en Australia en el contexto
de la tecnología de separación, es la disponibilidad continua de los análisis más recientes. Dichos
análisis, que hasta ahora solo podían elaborarse en un volumen limitado por parte de especialistas con
conocimientos expertos, están ahora disponibles en todo momento y en cualquier lugar. Se espera que,
de esta forma, los operadores de las instalaciones puedan seguir mejorando el control de sus procesos.
Palabras clave: IIoT, nube, panel de control, centrífuga discontinua, niveles de información

Introduction

A topic that is currently widely discussed in
its many aspects is the digitalisation of our
society. It affects all areas of our lives, from the
personal to culture, to politics, and to business
and manufacturing. There is no getting away
from buzzwords such as ‘digital transformation’,
‘digitalisation’, ‘artificial intelligence’ or ‘fourth
industrial revolution’, judging by the number
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of hits for these search terms in online search
engines. Based on an ongoing development
project, this paper discusses how the personal use
of digital devices influences digital development
and automation in the sugar industry.
Digitalisation is part of our everyday lives,
both at home and at work. It involves interactions
between us humans and devices or machines. In
our personal lives, we usually rely on them for

IIoT for batch centrifugals – initial results*

communication (using, for instance, smartphones),
entertainment and information (such as TVs
or computers), mobility assistance (navigation
systems), and increasingly also for household
tasks (smart home appliances), sports and leisure
activities (activity trackers, for instance). In
particular, the widespread use of mobile devices
has led to a change in communication behaviour
around the globe, with variations between
different parts of the world. In some emerging
economies, a more intensive use of mobile devices
can be found than in industrialised countries.
But if you look at the work environment in
sugar production, it seems rather outdated by
comparison. In the sugar process, production
is controlled from a central control station. The
process data are displayed on several screens,
and operation control is via a keyboard and
mouse (Figure 1). Equipment items with their
own control system often have an additional local
operator panel (Figure 2). Where a wide range
of operations is required, these controls today
typically come with touchscreens.
Regarding their use of digital devices,
production staff move in two different worlds:
at the production site where they work, they use
standalone solutions for process control, whereas
at home, they can access up-to-date information at
any time via the internet on their mobile and other
devices. This experience with digital applications
for personal use raises expectations among users
regarding digitalisation at work.

Data centres with internet access:
backbone of IoT and IIoT

Given the large differences between the current
state of digitalisation at home and at work, the
respective benefits of digitalisation will differ just
as much. The benefit of ‘digitalisation’ lies not
only in the enabling technology, but in the potential
advantages these new capabilities will have.
The discussion below uses the abbreviations
IoT (Internet of Things) and IIoT (Industrial
Internet of Things) to describe the possible routes
that development might take.
When we talk about the IoT, we mean the apps
on our mobile devices, entertainment, mobility
and smart home appliances. These technologies
are aimed at the end user, simplifying, automating
and making available products and services, and
for communication purposes. Each one of us
appreciates the speed, convenience, mobility and
the knowledge advantage these IoT apps offer.
The abbreviation IIoT refers to the Internet
of Things in industrial applications. Unlike the
IoT, it focuses not on consumers and end users
but on industrial processes and procedures. The
IIoT aims at increasing efficiency in operation,

Figure 1: Central control station in a sugar refinery

Figure 2: Batch centrifugal with local operator
panel, operation via a touchscreen

cutting production costs, speeding up and
improving processes, and implementing new
business models. Used correctly, the IIoT can
have a positive effect on a company’s growth,
competitiveness and sustainability (Luber 2017).
What gives an IIoT application a particular
edge over standalone distributed control systems
is that it can use the storage capacity and
computing power of cloud data centres:
• Individual data centres provide enormous
storage capacities; several centres together,
‘almost unlimited’ capacities.
• Data centres provide both storage and
computing power. Computer clusters can
significantly improve performance. In general
language use, this is often referred to as ‘almost
unlimited’ capacities.
Data centres with their data storage capacities
and power to perform computer operations
provide the necessary hardware backbone for
cloud computing, the service platform that
makes available apps, providing the convenience
and performance of IoT and IIoT. The speed
and security of data centre networks are also
crucial factors.
In this context, the term ‘scalability’ has
become established: at an early stage of
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development, cloud apps require only little
storage capacity and computer power. Through
configuration of the administration programs,
they can be allocated more storage capacity and
computer power later.

A first attempt at IIoT: Cloud
technology for batch centrifugals

While automation has been widely implemented
in beet and cane sugar factories, digitalisation
projects comprising the use of cloud services
are still not very common (Langhans 2019). A
development project at BMA illustrates how such
cloud applications could work and what additional
benefit the connectivity of process equipment with
the cloud could have for sugar production.
The first process equipment in sugar
manufacturing with cloud connectivity was
installed in the Australian sugar industry. The
E-series of BMA batch centrifugals were enabled
to send data from the centrifugal control to the
cloud-based smart4sugar platform.

Figure 3: How the smart4sugar platform works

Figure 4: Dashboard and drill-downs on mobile devices
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Figure 3 shows how the smart4sugar platform
works; currently set up for batch centrifugals.
Every centrifugal has a router that collects
operating data from the centrifugal control
system via a fieldbus interface and assigns them
a timestamp. The data are then encrypted and
sent to the stable, redundant Microsoft Azure IT
architecture via either Wi-Fi or Ethernet. In the
secure environment of the smart4sugar platform,
the centrifugal data are stored, analysed and
prepared for so-called ‘dashboards’. Following
authentication, authorised employees can access
centrifugal evaluations on standard devices
such as mobile phones, tablets or computers
(Figure 4).

First-user experiences with the
monitoring of process data

Since the first BMA centrifugals with cloud
connectivity were installed in Australia, this
technology has been introduced at several sugar
producers around the globe.
The development stage of the smart4sugar
platform currently implemented at BMA is called
smart.monitoring and reflects the requirement
to display operating data. There is no advanced
analysis and no recommendations for action are
given at this stage.
The range of user reactions worldwide shows
how differently our customers perceive the
smart4sugar platform with the smart.monitoring
feature: for a senior manager, the overview
and indicators on the dashboard (Figure 4 left)
are particularly relevant, while an operator or
shift manager appreciates the detailed drilldown views, which offer more advanced
display options than a local operator panel
(Figure 4 right).
The reactions also show that the display of
information alone is not sufficient to generate a
sustainable interest, depending on the level of
automation/MIS in a factory. Every sugar
factory with a central control system should
be able to retrieve this information from the
centrifugal control system, store it in a local
control system, and display it in the form of a
data history. In many cases, some employees
can already retrieve the data displays by remote
access. However, there is no added benefit from
this use of digitalisation.
Future developments and new applications
will take into account additional and more
diverse customer needs – the terms ‘predictive
maintenance’, ‘machine learning’ and ‘support
by specialists’ immediately come to mind. These
and other buzzwords that are thrown into the IIoT
debate as possible application scenarios must be
filled with content for sugar production.

IIoT for batch centrifugals – initial results*

Information levels as a key to
new insights

Figure 5: Information levels ‘machine’, ‘process’ and ‘product’
and keywords for the use of IIoT

For meaningful and beneficial use, the data
from process machinery – in our example, batch
centrifugals for the separation of sugar crystals
from a crystal suspension – can be grouped into
three data classes (Figure 5).

Information about the mechanical
and electrical systems

This level collects data from the machine and
includes information from operation and service
manuals. In an advanced analysis of these data,
it will be possible to implement predictive
maintenance. Online help and chat features can
be used as additional input for machine servicing
and repairs.
This information level is aimed largely at
operators and staff responsible for servicing.
Machine manufacturers already offer this type
of information in a range of applications today. In
fact, this is where what is referred to as Industry
4.0 is booming. The continuous monitoring of
machinery with custom mechanical and electronic
sensors provides a far greater depth of information
than previous regular checks by maintenance staff
could offer.
One area where this type of information is
widely used in industry is the monitoring of drives
in industrial plants. A considerable number of
the generators and drives of wind turbines are
monitored using condition monitoring systems.
As a survey of European wind turbine operators of
more than 2,500 wind turbines has shown, these
systems are in use, for instance, with more than half
of the wind turbines producing between 1.5 and 2.5
MW (Coronado and Fischer 2015). For the wind
power industry, the benefit of condition monitoring
lies particularly in minimising the risk of severe
damage, which is associated with high repair costs,
and in performing cost-effective maintenance.

Information about the process

Here, the focus is on indicators for the separation
process and consumption figures. They permit
the display of key performance indicators (KPIs)
and thus controlling operation of the machine.
A comparison with other machines of the same
type, in a benchmarking presentation, for instance,
could be a starting point for optimising process
management. Access to an extensive data history
will yield more findings at the process level.
This is where process engineers will find the
data they need.
In the development of these features, the
question always arises as to from where this
knowledge of the correct information might
come. In an assessment of process engineering

sequences, such as the separation of sugar
crystals from the mother liquor, explicitly or
implicitly available expert knowledge is required
to quickly and efficiently identify ways of
optimising the sequences. Additional sensors
chosen specifically for the task at hand can also
considerably help optimisation.

Information about the
processed product

In the case of a batch centrifugal, examples
are massecuite quality, sugar quality and sugar
yield. Cloud-based methods such as machine
learning will be used to make forecasts for the
expected results based on current and history data.
Continuous analysis of the differences between
a model forecast and actual measured values
holds the key for an assessment of the overall
state. In the specific case of centrifugals for sugar
crystal suspensions, changes in the massecuite are
relatively easy to distinguish from other changes to
the centrifugal.
The target group for this type of information is
found in production management.
Control systems for rolling mills that process
steel products have been relying on neural
networks for decades. Before the emergence of
IIoT, these were implemented in local process
automation systems (Martinetz et al. 1996). With
neural process control schemes, the steel strips
are produced with an improved accuracy of the
geometry, including their thickness, width and
profile. By moving computing processes from
local automation systems to the cloud, these
control technologies can use big data processing
platforms and become available for smaller
systems (Stetco et al. 2018).
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The mind of artificial intelligence

At all three information levels, the use of
artificial intelligence will in future make it
possible to assist users in their work by providing
automated or semi-automated recommendations
for action or warnings.
As it is becoming increasingly difficult to find
qualified staff for all levels of sugar production
in many parts of the world, quite a few of our
discussion partners are strongly in favour of such
a development. Ideally, they would like to receive
recommendations based on an automated analysis
of the above data, for optimising operation and
maintenance of a centrifugal by setting specific
operating parameters or performing certain
actions. They could be sent via the app or other
channels such as e-mail or a messaging service.
This kind of automated assistance in process
management, in particular, is still in the early
stages of development. As well as considering
technical feasibility and economic benefits,
development also needs to consider acceptance
by the customer. Today, the processes are run
using tried and tested settings. An independent
adjustment of machine settings to fit the process
and process conditions is only conceivable within
a well-defined framework. A vision for the future
would be the automatic adjustment of process
parameters for sugar centrifugals to achieve a set
optimisation target.
Wind turbine control systems already rely on
this kind of support from artificial intelligence
(Wang et al. 2014). Depending on the system
installed, this can, for instance, maximise the
power output from an individual turbine, taking
into account its mechanical condition.

Summary

The personal user experience shows that
developments regarding the use of mobile
communication devices and internet access are
well-established in our society. Across the globe,
these IoT technologies are intensively used,
particularly for personal applications.
Relying on them in sugar production appears
to be the next logical step in optimising processes
and bringing them up to date. What makes the
introduction of the IIoT in sugar production so
attractive now is the potential availability of large
storage capacities and computing power in data
centres via the cloud. Processing and analysing
vast volumes of data, as well as aggregating
them to produce recommendations has become
a real possibility.
Given the wide range of data that will become
available, a classification by areas of work would
be helpful. For each of the three information
levels (machine and electrical system; process;

90

ISJ's World Sugar Yearbook 2021 | ©2021 IHS Markit®. All rights reserved.

product), separate services can be derived, aimed
at different target groups in sugar producing
companies. The use of artificial intelligence,
which, in process manufacturing, is still in its
infancy, can be expected to considerably expand
the range of features offered by supporting IIoTbased systems, resulting in considerable benefits
for processing methods.

Acknowledgements

Concerning the first installation of the IIoT
hardware on site, I thank the staff at the Wilmar
cane sugar factories for their kind support
and interest. On the BMA side, the software
development team set up the software with great
enthusiasm. Thanks to open feedback from
colleagues and users of the smart.monitoring
dashboard; the purpose was validated.
*Paper from the Covid-19 impacted postponed
2020 Australian Society of Sugar Cane
Technologists annual conference and is published
here with the agreement of the Society.

References

Coronado D, Fischer K (2015) Condition
monitoring of wind turbines: state of the art,
user experience and recommendations. Project
report VGB-Nr. 383. Fraunhofer Institute of Wind
Energy and Energy System Technology IWES
Northwest, Bremerhaven.
Langhans B (2019) Digitalization in sugar
production – mind the foundation! International
Sugar Journal 121: 434–438.
Luber S (2017) Was ist das Industrial Internet
of Things (IIoT)? [What is the Industrial Internet
of Things?].
https://www.bigdata-insider.de/was-ist-dasindustrial-internet-of-things-iiot-a-654986
(published 20 October 2017, accessed
14 May 2019).
Martinetz T, Gramckow O, Protzel P, Sörgel
G (1996) Neuronale Netze zur Steuerung von
Walzstraßen [Neural networks for control of
rolling mills]. atp – Automatisierungstechnische
Praxis 38: 10: 28–42.
Stetco A, Dinmohammadi F, Zhao X, Robu V,
Flynn D, Barnes M, Keane J, Nenadic G (2019)
Machine learning methods for wind turbine
condition monitoring: A review. Renewable
Energy 133: 620–635.
Wang KS, Sharma VS, Zhang ZY (2014) SCADA
data based condition monitoring of wind turbines.
Advances in Manufacturing 2: 61–69.

Editorial Comment
EU sugar industry advocates for an
economic, social and environmental
level playing field on sugar production
and trade globally
The intensity of the COVID 19 epidemic and its global scale is
a reminder of how important it is to be independent in terms of
healthcare, technology and food production. Historically, sugar
has been seen as strategically important and is even more so today.
Depending on third countries for the supply of basic commodities is
a no-go. It’s even nonsense. The European Union is self-sufficient in
sugar and would like to be able to continue to do so. Our consumers,
full of common sense, are more and more aware of the environmental
and social dimension of their purchases. Why bring sugar from the
end of the world when the European countryside produces beets from
which sugar is extracted, but also so many other products.
At the level of the European Union, in addition to the recovery
post-COVID, the priority is the implementation of the Green Deal,
a very ambitious project consisting in the EU achieving carbon
neutrality by 2050. This level of ambition is unique in the world.
The European sugar industry supports this ambition as long as
the implementation is realistic. The challenge is substantial for all
economic sectors, some of which will have to fundamentally change
their industrial model. This will also be the case for the sugar industry,
which will not be able to limit itself to extending the developments of
the last 50 years in terms of reducing energy consumption, recycling
waste and using by-products, as remarkable as they are.
Very substantial investments will be required to decrease
and ultimately eliminate dependence on highly CO2 emitting
oil and by-products, for the benefit of the use of biomass in
particular from EU agricultural raw materials, a precious source
whose regulatory framework must be promoted. Obviously, such
investments will inevitably increase production costs in Europe
and therefore require rebalancing with border protection in terms
of carbon taxation and wider sustainability conditions including, in
particular, the social conditions.
Yet at this stage regulatory vagueness reigns. Even if the
European sugar sector succeeds in meeting the challenges that lie
ahead – which it clearly intends to – it is clear that the conditions
for fair international competition are not met. Without a rebalancing
between, on the one hand, the investment efforts leading to an
increase in European production costs and on the other hand, the
unequal competition from third countries, a structural destabilization
of markets is what lies ahead. It is therefore time to sound the alarm.
Succeeding means anticipating!
The European sugar sector has evolved a lot: quotas have been
abolished, prices reduced, border protection abolished for all
countries in Africa, the Caribbean and Pacific as well as all the Least
Developed Countries and preferences granted to numerous other

countries. All these developments increase competition in an already
self-sufficient European market. The international character of sugar
and the competitiveness of the sector is also undermined by the
conclusion of trade agreements which, on the pretext of promoting
free trade, hamper the free movement of goods. The best and most
recent example is MERCOSUR, an agreement according to which
sugar from third countries could artificially access the EU market in
exchange for concessions yet to be defined. The same goes for the
EU-Canada Agreement (CETA still in the process of ratification.
Canada has been renewing for the last 25 years prohibitive customs
duties on European sugar which are now obsolete and anachronistic.
And what about the future relations between the EU. 27 and the
United Kingdom?
Significant competitive distortions already exist: unlike our
major competitors, GMOs are prohibited and new breeding
techniques viewed with suspicion in the EU. Many phytopharmaceuticals and plant breeding practices authorized elsewhere
are no longer authorized in the EU. And so we see sugars produced
under conditions prohibited in the EU, arriving on the European
market. This situation is not sustainable!
Let’s be clear: the EU sugar sector is not seeking to cling to
solutions from the past but to fully engage in a successful agricultural,
environmental and energy transition. This success must be organized,
thought-through, not uncertain or improvised along the way.
In this period of profound upheavals and great uncertainty,
dialogue, while respecting the rules of European and international
treaties, is once again essential at all levels. It is in the general interest
to relearn how to talk to each other and to try to find innovative
solutions to deal with brutal, destabilizing or even destructive crises.
In the same vein, attacks against sugar deemed too caloric affect the
entire sugar sector, whether they take place in Europe, the United
States or the Far East.
In other words, the post-COVID times should not be times of
lamentation or withdrawal, but periods of innovation and resolutely
oriented towards a constructive dialogue, and that goes without
saying, respectful of the rules of the Treaty on the Functioning of the
EU (TFEU).

Marie-Christine Ribera

Director General of CEFS,
The Asssociation of European Sugar Manufacturers,
268 avenue de Tervuren, 1150 Brussels
mariechristine.ribera@cefs.org
www.cefs.org
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Abstract

Visual inspection of tanks, pressure vessels, towers, stacks, piping and other
infrastructure can be a lengthy and costly exercise. Along with this are the dangers
and risks associated with putting humans into confined spaces and operating at elevated
heights. High-resolution cameras attached to drones have become a safe and reliable
alternative to inspecting objects at height, while mounting cameras with suitable lighting
onto magnetic crawlers [remotely operated vehicles (ROV)] has avoided the need for
people to enter confined spaces. During a typical remote inspection, a competent inspector
can view live HD video images to assess the condition of the equipment whilst guiding the
pilot or ROV operator to points of interest. With advancements in modelling software,
multiple photographs taken during the inspection can be stitched together to create a
3D model or digital twin. With resolution down to approximately 1 mm, the opportunity
exists to carry out a remote desktop inspection and use object-recognition software to
scan thousands of photographs for corrosion or any other defects in a matter of minutes if
not seconds.
Keywords: Inspection, digital twin, remote digital visual inspection (RDVI), vessels, drones,
remotely operated vehicles (ROV)
Inspección visual digital remota y la creación de un gemelo digital para apoyar estrategias de
inspección
Resumen La inspección visual de tanques, equipos a presión, torres, pilas, tuberías y otras infraestructuras
puede ser un ejercicio largo y costoso. Adicionalmente, están los peligros y riesgos asociados con poner
seres humanos en espacios confinados y la operación en alturas. La conexión de cámaras de alta resolución
a drones se ha convertido en una alternativa segura y confiable para inspeccionar objetos en alturas,
mientras que el montaje de cámaras con iluminación adecuada en orugas magnéticas [vehículos operados a
distancia (ROV)] ha evitado la necesidad de que las personas ingresen a espacios confinados. Durante una
inspección remota típica, un inspector competente puede ver imágenes de video HD en vivo para evaluar
la condición del equipo mientras guía a un piloto o al operador del ROV a los puntos de interés. Con los
avances en el software de modelado, se pueden unir varias fotografías tomadas durante la inspección para
crear un modelo 3D o un gemelo digital. Con una resolución de 1 mm, existe la oportunidad de llevar a
cabo una inspección de escritorio remota y usar un software de reconocimiento de objetos para escanear
miles de fotografías en busca de corrosión o cualquier otro defecto en muy corto tiempo.
Palabras clave: Inspección, gemelo digital, inspección visual digital remota (RDVI), tanques, drones,
vehículos operados a distancia (ROV)
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Introduction

Plant owners have the responsibility to their
employees and the greater community to ensure
that equipment within their processes is safe
whilst maintaining profitability of the asset. Safety
is governed under health and safety acts along
with regulations, and compliance is demonstrated
by meeting the requirements of applicable
standards. By being able to gather accurate
and qualitive inspection data, plant owners can
meet the safety and probability requirements
by ensuring that equipment is operating within
the required safety tolerances whilst minimising
costly unscheduled downtime.
Pressure vessels are a high-risk component
within a plant as any structural failure could
cause the sudden release of the stored energy
having catastrophic effect on nearby objects and
the release of toxic and/or flammable contents
into the environment. The standard AS/NZS
3788 (Standards Australia 2006) is the minimum
statutory requirement for inspecting vessels
and stipulates when and how the inspection
should take place. Periodic internal and external
inspections for in-service vessels must be carried
out by a competent person as defined within
the standard. On completion of a traditional
in-service inspection, comments from the visual
interrogation, some photographs (or video)
and any results from applied non-destructive
techniques (NDT) will be included within an
inspector’s report and a recommendation on
whether the vessel is fit for purpose.
Both internal and external inspections
introduce risks that need to be mitigated to
prevent loss of life. This includes injury or
death by:
1. B
 eing exposed to a toxic or reduced-oxygen
environment within a confined space
2. Entrapment by process products
3. Working at heights
Remote digital visual inspection (RDVI) is
currently gaining acceptance as an alternative to
inspectors entering a vessel or being suspended
from ropes to carry out an external visual
inspection. This process involves fixing cameras
to drones or remotely operated vehicles (ROV)
and allows the inspector to view high-resolution
video of the internals and externals of a vessel
from a remote safe location. During the RDVI,
there is an opportunity to gather supplementary
data that can then be processed offline to
generate a 3D model or digital twin of the object.
This provides a snapshot of the equipment
condition and can be used as historical data at the
next inspection interval.
Here, I outline two of these supplementary
data techniques and how they can be deployed.

Photogrammetry

Photogrammetry is a process that extracts
geometric information from overlapping sets of
photographs. In the past, photogrammetry was
mostly associated with vertical aerial photography
taken from manned aircraft, for the purposes of
making topographic maps using a device known
as a stereoplotter (Anon. 2010–2017). Over the
decades, photogrammetry has evolved from
analogue devices and workflows to a complete
digital workflow, from camera to processing.
Modern photogrammetry uses state-of-theart computer vision techniques, with some
popular software being Agisoft, Pix4DMapper
and Bentley ContextCapture. Modern
photogrammetry allows for accurate 3D
reconstruction of scenes from a variety of capture
platforms, such as manned and unmanned
aircraft or vehicles, and hand- and pole-mounted
cameras. The reconstructed scenes can be
represented as orthophotos, surface models,
point clouds or 3D reality meshes (digital twins)
and visualized in geographic information
systems (GIS), computer aided design (CAD)
or virtual reality applications. An example of
this is a railway bridge (Figure 1), where the
model was used to measure the alignment of the
railway tracks.
Photogrammetry can be used to capture
internal space such as vessel cargo holds (Kolyvas
et al. 2015) and pressure vessels. Lighting of
internal spaces is critical to ensure that features
can be inspected later, as well as to allow the
software to stitch the photographs. A common
problem when using artificial lightening is

Figure 1: 3D model of a railway bridge captured with a camera
mounted on a drone
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Figure 2: Digital twin of pressure vessels with an overexposure
of the vertical pipe by artificial lighting

overexposure where distant objects are correctly
lit, but nearer objects take on a white appearance
as shown in Figure 2.
The accuracy of photogrammetric
measurements is affected by many variables,
including the overlap of the same area by multiple
photos. It is recommended that an 80% overlap is
adopted as a minimum, which may provide a pixel
size of 1.2 mm (Kolyvas et al. 2015).

Light detection and radar (LIDAR)

LIDAR is based on the same principles as sonar
and radar but, instead of sound or radio waves,
it uses light waves emitted from a laser that are
typically closer to the infrared spectrum. Up to
1,000,000 pulses per second can be emitted, and
by measuring the time taken for the signal to
reflect, the profiles and distances of the surfaces
can be then calculated by using the speed of light.
Figure 3: 3D LIDAR point cloud of a pipe spool and its 3D model
This is then processed by software to generate a
measurable 3D representation known as a ‘point
cloud’. The applications of LIDAR ranges from
surveying large areas to driverless cars. The
accuracy of commercially available LIDAR units
is in the region of ±2 mm making LIDAR useful
in the following engineering and inspection
applications:
• Reverse engineering
• Fitness-for-service (out-of-roundness and
verticality inspection)
Figure 4: Manufacturing drawings
• Wear analysis over time (thickness assessment
of liners)
• Volumetric analysis.
Reverse engineering and fitness-for-service are
discussed further below.

Reverse engineering

Figure 5: Fitness-for-service, and out of roundness

For this application, multiple scans of the desired
object for reverse engineering are taken using the
LIDAR unit. Each scan is positioned at a different
locations and elevation around the object to focus
and capture “point cloud” data of the object for
accurate reverse engineering. The software then
identifies similar features and objects between the
scans to create a highly dense 3D point cloud of
the object. When scanning large areas or when the
LIDAR unit is attached to a drone, GPS assists
in providing reference location data so that the
software can stitch the individual points together
to create the 3D point cloud.
From the point cloud a 3D digital twin (Figure
3) is created and, with the aid of CAD drawing
packages, manufacturing drawings can be
produced (Figure 4).

Fitness-for-service

Fitness-for-service (Figure 5), wear analysis and
volumetric analysis (Figure 6) analysis are based
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on the same principles used in reverse engineering
and can provide accurate detailed measurements
for inspectors.
LIDAR units used within the construction
industry have the functionality to take digital
images at the same time, to give each laser point
true colour. These units are large in comparison
(240 mm x 200 mm x 100 mm) and not ideal for
use with drones. They will typically be groundbased and mounted on a tripod or attached to a
ROV (Figure 7).
The photographs can be stitched together
but they suffer from poor resolution due to fixed
optical zoom and, therefore, are not always
suitable to carry out a remote or desktop visual
inspection (Figure 8). Errors within the stitching
occur when the distance between the LIDAR unit
and the scanned surface is less than 1 m, when an
object is moving (significantly) during a scan, and
when scanning very highly reflective materials, for
example a street sign. These errors can be removed
by manual intervention so that a suitable and
accurate 3D point cloud can be generated.

Figure 6: Volumetric analysis

Figure 7: Commercial LIDAR unit
mounted on a tripod

Deployment methods

ROVs and drones can both be used to carry out
internal and external inspections. The decision on
which deployment method to use will be dependent
on accessibility, size of object to be scanned and
material of construction. Some of these factors are
considered below for each method.

ROVs

The ROV system consists of a base platform
attached to magnetic wheels or tracks and
controlled via an umbilical cord. High-definition
cameras with dual capability (videos and photos),
artificial lighting and NDT probes are then
attached to the base platform to successfully
carry out an inspection. The crawler is deployed
and navigated by a skilled operator and the live
video feed viewed by the inspector. Not all areas
can be accessed, due to complex bends or small
interconnecting areas and in these instances,
pole-mounted cameras could be used. Dirty
surfaces can lead to difficulties in navigating as
the magnets may not be sufficiently powerful to
penetrate through the surface contaminants or
may become coated by lose ferritic debris. To
avoid this, the magnetic wheels can be fitted with
scraping devices to remove the debris (Figure 9).
If not successful, then the ROV will need to be
recovered manually to clean.

Figure 8: Stitching of digital photos taken by a commercial
LIDAR unit

Drones

The use of drones to inspect equipment at height
replaces the need for inspectors to be suspended
from ropes. A two-person team consisting of a
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Figure 9: Magnetic
wheels fitted with a
scraping device to
remove debris

licensed pilot to operate the drone and a competent
inspector to view the live video feed are deployed
to site. The use of drones is regulated by the Civil
Aviation Safety Authority (Civil Aviation Safety
Regulations 1998) and time needs to be given to
planning of flight paths that consider operation
in restricted areas (i.e. near airports) and weather
conditions. Drones fixed within a cage can be
deployed in internal areas; this requires a skilled
operator to avoid critical footage being obscured
by the cage itself (Figure 10).

Conclusions

Plant owners are responsible for ensuring that
their processes are safe for both humans and
the environment. Technology to gather better
inspection data is advancing rapidly and can
support owners to make better choices, for safety
and inspection intervals. RDVI removes some
of the major risks that humans are exposed to

Dmitry Kalinovsky I Shutterstock

Figure 10: Internal footage taken by a camera mounted on a
caged drone
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when inspecting internally and inspecting at
height. By capturing supplementary data, it is
possible to create a digital twin allowing further
interrogation of the equipment condition as
well as a providing historical record for future
comparisons. Object recognition through the
deep-learning process can assist in the detection
of defects quicker and is currently under
development for the identification of corrosion.
*This paper was presented at the 2019 Australian
Society of Sugar Cane Technologists annual
conference and is published here with the
agreement of the Society.
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Editorial Comment
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Sugar and health: Why evidence-based
science is as important now as ever

Not a day goes by without a media story somewhere around
the world linking a food, or a nutrient, with health. Sometimes
cheerfully (“eating chocolate may help prevent heart disease”) and
sometimes less cheerfully (“Here’s why chocolate might give some
people headaches”).
One thing is for certain, whatever a person’s food environment
– whether one of food security or insecurity – health is important to
everyone globally.
What is much less certain is the science behind the media
headlines. The Covid-19 pandemic has thrust diet and health,
including sugar and health, into the media spotlight again.
Interestingly though, the pandemic has also thrust science into
media headlines, and into household conversations, in a way
previously unseen.
Mealtime conversations around the world now centre on
previously unheard scientific terms such as “the R number,” and
the progress of vaccine trials. We have been living in an age of
increasing global distrust in science, but the world is at a pivotal
point regarding Covid-19 and trust in science.
Amidst what may now be a new age of growing trust in science,
access by the sugar industry to “good science” (science that is
evidence-based, objective and readily understandable by the
industry) will be more important than ever.
Sensational and poor media reporting of science, especially
when headlines conflict with scientific consensus, has led to
rising consumer misunderstanding about the health effects of
carbohydrates. At the start of the year (prior to Covid-19 & growing
global food insecurity), Google revealed the top 10 most searched
health questions of 2019. In America, “keto diet” (a very low

carbohydrate / low sugar diet popularized by health bloggers) was
number two. Research on the long-term health effects of such
weight loss diets is lacking but poorer intakes of fibre (especially
from wholegrains) and higher intakes of red meat (high intakes of
which have been associated with bowel cancer) have been reported
among people following very low carbohydrate diets. Whether such
diets result in sustained weight loss in the long term (i.e. not putting
weight back on again) also remains unclear.
In Europe and the Americas, health concerns and public policy
are affecting demand for sugar, particularly in beverages. The “sugar
alternatives” and high intensity sweetener markets are forecast to
grow. Yet consumer understanding of “sugar alternatives”, such as
plant-based syrups and nectars, and low-calorie sweeteners, remains
low. Many consumers are unsure which of these contain sugars or
not and are unsure of the relative calorie (dietary energy) content
compared with table sugar. Many plant-based syrups and nectars
that are purported by the media as “healthier alternatives to sugar”
contain the same number of calories per gram as table sugar.
It is important that the sugar industry possesses the expertise and
skills set to understand and evaluate the global scientific evidence
on sugar and health and, where appropriate, to communicate
scientific consensus to consumers in an understandable format.
Joining together to support objective research into sugar and
health, to address the many remaining knowledge gaps in this
research field, is fundamental to ensuring sustainable businesses and
healthy consumers and employees for the future.

Anna Denny
Director General
World Sugar Research Organisation

Endnotes:
The World Sugar Research Organisation (www.wsro.org) is a
globally recognised and trusted resource on the science of sugar's
role in health and nutrition, providing relevant evidence-based
scientific information, analysis and perspective to members and
stakeholders. WSRO monitors and communicates global scientific
evidence on sugar and health in an understandable format,
identifying where scientific consensus is and supporting research
to address knowledge gaps. For membership information contact
info@wsro.org or visit https://wsro.org/contact-us/
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Abstract

Yields of sugar beet have risen steadily for almost the last four decades, whereas yields
of sugarcane have not. This study uses the literature to examine some of the reasons for
this difference. Beet has benefitted from climate change (warmer springs and autumns and
increased CO2 concentration in the atmosphere) to a much greater extent than cane. Because
beet is raised from seed that is always produced under the direct control of the plant breeder,
improvements in cultivars are taken up very rapidly, whereas the ratoon production of cane
means that improvements are inevitably transferred to commercial practice more slowly. Over
the last 20 years beet production has been transformed by the introduction of agrochemicals to
control foliar diseases during summer and autumn: this has increased yields greatly. In North
America yields have also been improved by the better weed control given by the introduction of
genetic modification of beet and the use of glyphosate. Improved beet juice quality as a result of
the efforts of plant breeders and better agronomy has enabled processors in northern Europe
to relax some of the standards for accepting beet; this has changed harvesting procedures and
increased yield by about 5%. Most beet production is constrained by systems of quotas so
that increased yields per hectare have to be accompanied by reductions in the hectares grown.
This has often been achieved by reducing the beet price to make the crop less attractive to the
grower. The result has been that the growers with the lowest yields ceased production and the
overall yield per hectare increased.
Keywords: Sugar beet, sugarcane, climate change, plant breeding, foliar diseases,
glyphosate, topping
Factores que afectan las tendencias recientes en los rendimientos de la remolacha azucarera e
implicaciones para la productividad de la caña de azúcar panish title
Resumen Los rendimientos de la remolacha azucarera han aumentado de manera constante durante casi las
últimas cuatro décadas, mientras que los rendimientos de la caña de azúcar no lo han hecho. Este estudio
utiliza la literatura para examinar algunas de las razones de esta diferencia. La remolacha se ha beneficiado
del cambio climático (primaveras y otoños más cálidos y una mayor concentración de CO2 en la atmósfera) en
mayor medida que la caña. Debido a que la remolacha se produce a partir de semillas que siempre se producen
bajo el control directo del fitomejorador, las mejoras en los cultivares se adoptan muy rápidamente, mientras
que la producción de las socas de caña significa que las mejoras inevitablemente se transfieren a la práctica
comercial más lentamente. En los últimos 20 años, la producción de remolacha se ha transformado con la
introducción de agroquímicos para controlar las enfermedades foliares durante el verano y el otoño: esto ha
aumentado los rendimientos importantemente. En Norte América, los rendimientos también se han mejorado
por el mejor control de las malas hierbas dado por la introducción de la modificación genética de la remolacha
y el uso de glifosato. La mejora en la calidad del jugo de remolacha como resultado de los esfuerzos de los
fitomejoradores y una mejor agronomía ha permitido a los procesadores del norte de Europa relajar algunas
de las normas para aceptar remolacha; esto ha cambiado los procedimientos de recolección y ha aumentado
el rendimiento en aproximadamente un 5%. La mayor parte de la producción de remolacha está limitada por
los sistemas de cuotas, de modo que el aumento de los rendimientos por hectárea debe ir acompañado de
reducciones en el número de hectáreas cultivadas. Esto se ha logrado con frecuencia reduciendo el precio de la
remolacha para que el cultivo sea menos atractivo para el productor. El resultado ha sido que los productores
con los rendimientos más bajos cesaron la producción y aumentó el rendimiento global por hectárea.
Palabras clave: Remolacha azucarera, caña de azúcar, cambio climático, fitomejoramiento, enfermedades
foliares, glifosato, descoronado
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Introduction

In recent decades the yields of sugar from
sugarcane in the major production areas have not
increased, or have increased only slowly. Figure
1 shows data from Australia, Brazil and Thailand
as examples. Of these three, only Thailand shows
an increase and that is only an average of 0.11 t/
ha per year. Contrast this with values for sugar
beet, where increases in Germany, France, UK
and USA have increased by 0.2 t/ha per year since
1990 (Figure 2). Most temperate crops are not
experiencing the yield gains shown by beet. For
example, wheat yields in north-western Europe
have not increased in recent years: data from 1990
to 2018 is shown in Figure 3.
What makes the beet situation so extraordinary
and can it be expected to continue? Beet yield
increases are of two types; on a field scale,
beet yields have been increasing because of
improvements in the weather, the germplasm
and the agronomy. It is important to recognize
that these yield increases, once obtained, cannot
be repeated. For example, the introduction of an
improved agronomic practice, once adopted, will
not give rise to the same increases in subsequent
years. The second type of increase occurs on
a regional or national scale; it is the result of
the cessation of beet growing on some less
productive sites or by some low-yielding growers,
particularly in the EU.

Figure 1: Recent sugar yields in three major cane producing
countries. Sources ASMC, OCSB, Unica

Figure 2: Beet sugar yields in four major production countries
since 1990. Source FO Licht, USDA

Climate change

The carbon dioxide concentration [CO2] in the
atmosphere has been increasing rapidly over
recent decades: at the NOAA observatory in
Mauna Loa it was 355 ppm in 1990 and 405
ppm in 2018. Even the low-emissions scenario
indicates that the [CO2] will reach 500 ppm by the
middle of this century. These changes in [CO2],
along with increases in other ‘warming’ gases,
are driving an increase in global temperature.
The annual average air temperature over land
increased by 0.8°C between 1990 and 2018 in the
Northern Hemisphere and by about 0.4°C in the
Southern. Because beet crops start with only 3–4
kg/ha of seed ‘capital’, their initial growth is slow
and is very sensitive to temperature. Therefore,
warm springs and early sowing greatly increase
the rate of foliage growth and increase the capture
of solar radiation, so increasing yield (Scott and
Jaggard 2000).
The effect of a warmer climate on beet sugar
yields in England was reported by Jaggard et al.
(2007). They used a crop growth model to simulate
the yields of beet in variety trials between 1976
and 2004, using daily weather observations. The
model took no account of changes in varieties or
the increase in [CO2]. The observed sugar yields

Figure 3: Recent yields of wheat in N.W. Europe.
Sources AgriMer France, Defra UK, Destatis Germany

internationalsugarjournal.com
99
internationalsugarjournal.com

99

Factors affecting recent trends in sugar beet yields and implications for
sugarcane productivity*

increased by 0.2 t/ha per year and simulations
accounted for 56% of the yield increase, while
the trend for earlier sowing (made possible by
warmer, drier springs) accounted for another 12%.
Therefore, the climate, which has been getting
warmer, accounted for about two thirds of the
increases in beet sugar yield in these variety trials
since 1976. An analysis by Hoffmann (2016)
showed that in German variety trials sugar yield
had been increasing by 2.1% per year since 1976,
and that half of this was due to plant breeding
while the other half was due to changes in climate
and agronomy. Maupas (2012) produced similar
findings for beet in France: in the 20 years since
1990 yield had increased by 193 kg/ha per year and
about half of this was attributed to climate change.
The impact of [CO2] was studied in a freeair carbon-dioxide experiment (FACE), where
beet crops were grown to harvest in ambient air
(370 ppm) or enriched air (550 ppm). Yield was
increased by 12.1% and water-use efficiency
was increased as well (Weigel and Manderscheid
2012). If we assume that the response was linear,
then it represents a rise in beet yield of about 5%
from 1990 until today.
Most sugar beet is grown in northern, temperate
latitudes, where climate change over the last three
or four decades has been more marked than in
tropical, cane-growing regions and most cane
industries have not experienced an increase in
sugar yield. In addition, the lack of response to
climate in cane probably reflects the fact that for
many sugarcane industries temperature is not a
major limitation. For example, average monthly
temperatures stay above 22°C year-round in
Thailand and Guatemala. Similarly, impacts of
the 14% increase in [CO2] between 1990 and
2018 are likely to be minor for sugarcane. Unlike
sugar beet, a C3 plant, for the C4 sugarcane
plant there are only small effects of rising [CO2]
on photosynthesis (Stokes et al. 2016). Rather,
positive effects of elevated [CO2] on sugarcane
growth are attributed to indirect mechanisms
related to improved water relations as a result
of decreased stomatal conductance and reduced
transpiration and therefore the alleviation of
water stress (Everingham et al. 2015; Jones and
Singels 2018). These effects are predicted to be
quite modest. For example, modelling studies by
Jones and Singels (2018) found that cane yields
increased by only 6–7% for a doubling of [CO2]
from 360 ppm to 750 ppm.

Plant breeding

The sugar beet plant, in its natural state, bears
clusters of fruits fused together on the stalk of
the mother plant. Each fruit contains one or two
seeds. This characteristic means that where one
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of these clusters was sown in the soil, three or
four seedlings often came up together and these
had to be singled, by hand, to produce a stand
of individual plants. By the middle of the last
century it was becoming difficult to get enough
labour to do this work so plant breeders began
searching for plants that bore individual fruits
instead of clusters; so-called monogerm plants.
The monogerm character was found, but it was
recessive and associated strongly with poor yields.
These characteristics, together with the fact that
beet is open flowering, wind pollinated and
almost self-sterile meant that complex hybrid
breeding programs and male sterility had to be
used to produce the seed (Bosemark 2006). A
hybrid breeding program means that the plant
breeder controls the seed supply and can always
get paid for his intellectual property. For this
reason, breeding and producing sugar beet seed
has been very competitive and the commercial
life of a new variety is short because it is soon
outclassed by the next generation of hybrids.
Consequently, any benefits introduced by the
breeder are soon in use by all the growers in
that market. This is not a common feature of
sugarcane breeding, partly because a crop is in
the ground for 4 or 5 years, and partly because
cane is clonal and reproduced vegetatively.
Glyphosate-resistant beet illustrates the speed
of market response to a genetic improvement.
Resistant varieties were first approved for use in
the Red River Valley region of the USA in 2008
and more than 93% of the beet in that area was
sown with these varieties in 2009. The farmers
immediately recognized the value of superior weed
control and the varieties were adopted very rapidly.
Plant breeders of all crops have to work hard
to maintain yields, never mind to improve them.
Over the last three decades beet breeders have
introduced successful varieties that are very
tolerant to the rhizomania virus (Pavli et al. 2011),
cercospora leaf spot fungus (Vogel et al. 2018)
and beet cyst nematode (Blok et al. 2018). Each
of these infections is widespread and has reduced
sugar yields on a field scale to less than half: in
combination their effects are much more serious.
Without successful plant breeding there would
be no effective control of rhizomania, control of
cyst nematode would be heavily reliant on the
infrequent growth of host species, and control of
cercospora would rely solely on repeated sprays
of triazole and strobilurin fungicides, to which
the fungus has developed some resistance. Now,
these conditions are easier to control and their
impacts on yield are much smaller, thanks to the
breeders’ efforts. Today varieties that are tolerant
to rhizomania yield as well as susceptible varieties,
even in the absence of the disease: soon this will
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be true of cercospora-tolerant varieties too. Now
plant breeders are successfully stacking tolerance
of combinations of two of these three infections.
As well as the work to introduce resistance
and tolerance genes, the breeders have improved
the yield and quality characteristics of the beet
varieties. In a study by Loel et al. (2014) old and
new varieties were grown side by side. They found
that variety changes had improved sugar yield
per hectare by about 0.9% per year since the mid
1960s, soon after the monogerm seed trait was
introduced. The modern varieties had a larger
proportion of their dry matter in the storage root
and more of the root dry matter was sugar.

New agrochemicals

During the 1980s the typical sugar beet crop
canopy in autumn was partly yellow, partly
green and spotted with lesions of various fungal
diseases. In field trials the fungal diseases (with
the exceptions of cercospora and powdery
mildew) seemed to have little impact on yield.
However, interpretation of these results was
always difficult because disease control was far
from complete. In the 1990s three new categories
of agrochemical became available to beet
growers, and they revolutionized the appearance
of the canopy in late summer and autumn.
The first was imidocloprid, a neonicotinoid
insecticide. Applied as a seed dressing at about
100 g a.i./ha, it controlled arthropods that
damaged seedling establishment and controlled
aphids for the first 12 weeks after sowing
throughout central and northern Europe (Foster
and Dewar 2013; Hauer et al. 2016). Seed
treatment with neonicotinoids almost completely
eliminated the need for sprayed insecticides
in the beet crop. Since their introduction it
is estimated these treatments prevented 10
epidemics of virus yellows, a disease that can
halve the yield. Neonicotinoid pesticides have
now been withdrawn from the European market
on the grounds that they can harm bees.
Late in the 1990s triazole and strobilurin
fungicides became available for use in beet.
Imidacloprid had reduced the incidence of the
yellowing viruses to negligible levels, so much so
that when these fungicides were applied, they had
a huge impact on the health of the foliage during
late summer. Even in England, where cercospora
is not widespread, the leaves appeared so much
healthier, and yield increases from a sequence of
two sprays were between 10 and 15% (Stevens
2017). Where cercospora is prevalent, the use
of new varieties with much greater resistance to
cercospora leaf spot, in combination with modern
fungicides, has enabled yields to continue to
improve. For example, sugar yields in USA

increased at about 3% per year from 2013 to 2017
despite a severe infection of cercospora in 2016
(Miller et al. 2018).

Harvest

Until recently the top of the beet plant was cut
off the root with a knife fitted to the harvester.
The intention was that the knife should cut the
top of the beet through the crown (Figure 4). The
crown contains a smaller sugar concentration and
more impurities than the root, so originally it was
not wanted in the factory and was not paid for.
The beet varied in size and the desired cutting
position varied in height above ground level so
topping was an imprecise process: some of the
root was left in the field and some crown went
to the factory. Much of the 6% of the sugar yield
that was in the crown of the beet (Jaggard et al.
1999) was left in the field, along with some of the
sugar in the root.
Over recent decades the processing quality
of the beet has improved as a result of better
agronomy by the grower and the breeding
of varieties whose roots contain smaller
concentrations of impurities (Hoffmann 2016).
As a result, some processors had difficulty
maintaining juice alkalinity. The result has been
that several western European processors have
been able to relax their crown tare conditions.
Consequently, the topping process has changed,
and the tops are now removed with a flail so that
the crown material is delivered to the factory and
the grower is paid for it. In the western parts of the
EU this change alone probably increased delivered
yield by 5%.
In contrast to the improvements outlined
where more of the beet plant now gets processed,
losses associated with mechanical harvesting
continue to be problematic for sugarcane (Davis
et al. 2009; Norris et al. 2015; Norris and Norris
2016). The transition to green cane (unburnt)
mechanical harvesting created the challenge of
finding a balance between effective cane cleaning
to minimise extraneous matter without excessive
cane loss. Suboptimal harvester settings result in
significant losses of millable cane (Whiteing et
al. 2016). Juice can also be lost from damaged
billets. Despite much work on optimising
harvester settings to minimise losses, often these
settings are at odds with economic pressures on
harvest operators. Work to reduce harvesting
losses in sugarcane is ongoing (Norris et al.
2015; Norris and Norris 2016), as it is in beet.

Figure 4: A sugar beet
showing the white root
separated at the topping
level from the crown. The
topping level shown is
as previously specified
in contracts between
processors and growers

Limits on production

In most places where sugar beet is grown, and
certainly in the USA and the EU, sugar production
has been limited by systems of quotas that have

internationalsugarjournal.com

101

Factors affecting recent trends in sugar beet yields and implications for
sugarcane productivity*

Figure 5: The area used for sugar beet production in the
European Union since 1994

prevented the industry from expanding. Any trend
for an increase in sugar yield per unit area had to
be counteracted by reduction in the area sown and
usually by a reduction in the beet price. Within
a farm this often meant that the rotation was
extended so that beet was grown less frequently:
this can give rise to a yield increase. On other
farms the land that was least suited to beet was
devoted to other crops. The beet price reductions
often meant that low yielding areas were taken
out of production. In some cases, it meant that
the lowest yielding growers stopped producing
beet altogether. For example, in England there are
now 1500 fewer farmers producing beet than in
1980: many of those were producing less than the
average yield.
The EU restructuring of the industry in 2006
meant that beet production in Ireland ceased
altogether and in southern Italy many factories
closed. In the decade before these changes, sugar
yields in Ireland and Italy were about 1.5 t/ha less
than in the rest of the EU. Most other EU member
states also reduced their sugar output by reducing
the area sown (Figure 5). The area used for beet
production in USA has also decreased, but not to
the same extent as in the EU. These changes would
all result in an increase in the average yield of
sugar per hectare.
By contrast, cane growing has expanded in
recent decades, and has sometimes moved into
areas that are less than ideal and where the potential
yield is not so high. This expansion into less
favourable environments is recognised as one factor
contributing to a decline in cane yields in recent
years for the centre-south region of Brazil, the
country’s main production area. Inevitably, where
rapid expansion occurs, the growers will be less
experienced and will, therefore, tend to have lesser
yields, at least initially.
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Future prospects: will yields
continue to improve?

Even with the low emissions scenarios, the climate
is predicted to continue to get warmer at least until
2050. Recent studies to model the likely impacts
of climate change between now and the middle
of this century on the cane crop in a selection
of places have all predicted modest increases in
cane yield and improved water use efficiency
(Everingham et al. 2015). However, in some
instances the predictions are for a decline in sugar
yield (Singels et al. 2014).
The expansion of the beet crop canopy will
respond positively to the warmer conditions and so
yield potential will increase. Whether this potential
is converted into more sugar at harvest will depend
on the extent of water stress. For example, in
England (not renown as a dry country) water stress
is already the main yield constraint (Jaggard et al
1998). However, the increase in [CO2] will have
the effect of improving the water-use efficiency
of the crop and this should partially alleviate the
effects of drought. Weigel and Manderscheid
(2012) found that while yield was increased by 8%
in a CO2 enriched atmosphere, water consumption
decreased by 20%.
In temperate zones, climate change is likely to
mean warmer winters, and this may allow beet to
grow for longer, so increasing yield. In some areas
it may become warm enough for beet to be sown
in autumn for harvest in the following autumn.
Growth models predict that this could increase
yield by about 25%, but the side effects on the
pathology of the crop could be serious (Jaggard
and Werker 1998).
The [CO2] is expected to reach at least
550 ppm by 2050, and the experiments by
Manderscheid et al. (2010) indicate that this will
increase yield by another 7%. These experiments
indicated that the sugar yield increases were
being restricted by the ability of the plant to
transport or store sucrose: a sink limitation. If
this is so, then there is potential for plant breeders
to overcome this limitation by conventional
breeding and increase the yield still further.
The prospects for crop pathology and disease
control is not so clear. Neonicotinoid insecticides
have just been withdrawn and there are no really
effective aphicides left in the farmers’ armoury. In
future, good virus yellows control will depend on
the plant breeders producing robust tolerances to
this virus complex.
While growth of beet plants is likely to
respond positively to climate change, so too will
the development of pests and diseases. Warmer
winters will increase the risk of severe infections
of disease such as powdery mildew, rust and virus
yellows and warmer growing seasons will increase
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the multiplication of beet cyst nematodes and
cercospora spores.
Another complicating factor for crops like beet,
which tends to be grown in industrialised areas, is
the concentration of ozone in the atmosphere. The
concentration has been rising at between 1 and
2% per year in the industrialised countries of the
Northern Hemisphere (Chameides et al. 1994).
Nearly a quarter of the earth’s surface is at risk of
experiencing concentrations in excess of 60 ppb
during mid-summer and concentrations as small
as 20 ppb can reduce yield (Ashmore 2002).
Predicted effects vary widely, but they are all
yield reductions.
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Abstract

In the 2017 and 2018 crushing seasons, Sugar Research Australia Limited (SRA)
conducted a project to assist harvesting groups to reduce sugar loss. The principles of
harvesting practice to reduce loss have been well known in the industry for many years.
However, at the start of the 2017 season few harvesting groups were operating according
to these principles. The harvesting adoption team concluded that there were several
socio-economic impediments to harvester operators changing practice, but that many of
these could be overcome by working with individual harvesting groups (a harvester owner
and the farmers serviced) as these could make decisions on changing arrangements. A
demonstration trial evaluating sugar loss from a suite of harvester settings (typically
commercial standard, recommended (guided by harvesting best practice (HBP) principles),
aggressive and ‘low-loss’ control) was provided for each group involved, with all group
members encouraged to attend. This was followed up with at least one workshop where
the trial results and economic analysis were presented and groups were encouraged to
consider improving harvester setup, optimising harvester settings to reduce loss and
changing harvesting payment arrangements. In 2017, 43 groups were involved, and a
further 52 in 2018. To date, the uptake of HBP harvester settings has been impressive.
Groups that participated in the demonstration trials had, on average, reduced both fan
speed and pour rates. Unfortunately, 50% of participants continued to operate above the
generic recommended rates, which is reflective of the need for a robust estimate of the cost
and benefits of harvesting to allow improved payment arrangements and acceptance by
harvesting groups. Of the 40 groups for which data is currently available, 25 groups had
optimised their harvester feed trains, 11 had installed after-market (low loss) choppers,
6 groups had changed payment arrangements and 20 were considering or negotiating
changed payment arrangements. Many participants are now supporters of best practice;
they accept that sugar losses are real, significant and able to be addressed. It is intended to
continue this project into the 2019 through to 2022 seasons.
Keywords: harvesting best practice, profitability, sugar loss, economics, harvesting costs, adoption
Grupos de cosecha: la clave para mejorar la práctica de cosecha *
Resumen En las zafras de 2017 y 2018, Sugar Research Australia Limited (SRA) realizó un proyecto para
ayudar a los grupos de cosecha a reducir la pérdida de azúcar. Los principios de las prácticas de cosecha para
reducir las pérdidas han sido bien conocidas en la industria durante muchos años. Sin embargo, al comienzo
de la temporada 2017, pocos grupos de cosecha estaban operando de acuerdo con estos principios. El equipo
de adopción de la cosecha concluyó que había varios impedimentos socioeconómicos para que los operadores
de cosechadoras cambiaran la práctica, pero que muchos de estos podrían superarse trabajando con grupos
de cosecha individuales (el propietario de la cosechadora y los agricultores atendidos) ya que estos podrían
tomar decisiones sobre cambios en los arreglos. Se realizó un ensayo de demostración para cada grupo,
que evaluaba la pérdida de azúcar de un conjunto de configuraciones de cosechadoras (estándar comercial,
recomendado (guiado por los principios de mejores prácticas de cosecha (HBP)), control agresivo y
de 'baja pérdida'. Se alentó a todos los miembros del grupo a asistir. Esto fue seguido con al menos un
taller donde se presentaron los resultados de la prueba y el análisis económico y se alentó a los grupos
a considerar mejorar la configuración de la cosechadora, optimizar la configuración de la cosechadora
para reducir la pérdida y cambiar los arreglos de pago de la cosecha. En 2017, 43 grupos estuvieron
involucrados, y otros 52 en 2018. Hasta la fecha, la aceptación de la configuración de la cosechadora de
HBP ha sido impresionante. Los grupos que participaron en las pruebas de demostración, en promedio,
redujeron tanto la velocidad del ventilador como las velocidades de vertido. Desafortunadamente, el 50%
de los participantes continuaron operando por encima de las tasas genéricas recomendadas, lo que refleja la
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necesidad de una estimación sólida del costo y los beneficios de la cosecha para permitir mejores arreglos
de pago y aceptación por parte de los grupos de cosecha. De los 40 grupos para los que actualmente hay
datos disponibles, 25 grupos habían optimizado los trenes de alimentación de las cosechadoras, 11 habían
instalado cortadores (baja pérdida), 6 grupos habían cambiado los arreglos de pago y 20 están considerando
o negociando cambios en los arreglos de pago. Muchos participantes ahora son partidarios de las mejores
prácticas; aceptan que las pérdidas de azúcar son reales, significativas y que pueden abordarse. Se pretende
continuar este proyecto en las temporadas de 2019 a 2022.
Palabras clave: mejores prácticas de cosecha, rentabilidad, pérdida de azúcar, economía, costos de
cosecha, adopción

In July 2016, Sugar Research Australia Limited
(SRA) commenced a major research and
adoption program to improve the efficiency of
the Australian sugarcane harvest sector. Titled
‘Enhancing the sugar industry value chain by
addressing mechanical harvest losses through
research, technology, and adoption’ it receives
funding from SRA and the Australian Government
(Department of Agriculture and Water Resources).
Other significant contributions come from the
Queensland Department of Agriculture and
Fisheries (QDAF), industry research bodies,
milling companies, cane productivity services,
harvester operators and growers. Across the
project, investments include $3.55 million from
the Australian Government and $1.85 million
from SRA.
A major part of this program is SRA Project
2016/955, Adoption of practices to mitigate
harvest losses. This project aims to encourage
adoption of what has become known as
HBP (harvesting best practices), which could
be described as a set of guidelines to minimise
cane losses by regulating fan speed and pour
rate, dependent on factors such as crop condition,
variety, field condition, whether cane is burned
or green, and machine set-up.
Promotion of harvesting best practice has a
long history in the industry. Linedale and Ridge
(1996) reported on a “successful campaign to
minimise harvesting losses” during 1992–1995.
Agnew et al. (2002) ran a comprehensive series
of trials and workshops looking at many aspects
of harvester design and operation. These fed into
the production of the first edition of the BSES
Harvesting Best Practice Manual for ChopperExtractor Harvesters (Sandell and Agnew 2002),
which was updated in 2014 (Sugar Research
Australia 2014). Industry interest in harvesting
losses was given fresh impetus with a value chain
analysis of the industry prepared by John Pollock
in 2013 (Pollock 2013), which demonstrated the
beneficial impact of adopting HBP across the

industry as a whole. This led to the Australian
Sugar Milling Council and SRA convening a
harvesting loss symposium in 2015 and action by
SRA to ramp up efforts in this area.
Despite identification of these losses, when
the current project commenced in 2016 there was
little evidence that significant change in practice
was occurring and there were few groups in
Australia committed to harvesting practices that
minimised loss. Deterioration in many parameters
of cane quality had been noted by Larsen et al.
(2016), and Keeffe (2017) had conducted a survey
of harvester operators and growers, seeking their
views on the need for and impact of improvements
to harvesting equipment. Participants (harvester
operators and growers) who responded to the
survey reported the following:
• 42% of contractors felt growers were not
providing the best possible conditions to
harvest their cane;
• 33% of growers felt their contractor was not
providing the best possible harvesting service.
The reasons for slow uptake of HBP are
complex, albeit familiar:
1. Lack of recognition of the scale of losses
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and opportunity to minimise them through
improved practices. It has been stated that
current machines are very good at disguising
the losses in harvesting.
2. Harvester-owner expectations that there will be
extra harvesting costs from changes to practice
and a perceived inability to recoup them.
3. In some groups, lack of communication between
the harvester operator and the farmers in the
group concerning HBP.
4. Pressures on harvesting groups to harvest at
high flow rates to ensure that bin allotments
are filled.
5. A concern that large contracts, which already
need to harvest over a significant part of the
working day, do not allow for lower flow rates.
6. Pressure to maximise bin weights, leading to a
perception of the need to shorten billet lengths
in an effort to increase bulk density.
7. Concern that reducing fan speed would lead to
an increase in extraneous matter (EM) and a
subsequent loss of CCS.
Overcoming these impediments needed an
innovative approach. With some exceptions, past
efforts to reduce losses had involved advisors
urging harvester operators to slow down and
reduce fan speed, without taking into account the
economic and social constraints. To affect change,
it was necessary to involve those with the ability to
make decisions – the harvesting group (defined as
the harvester owner and the growers serviced) and
not just the operator. The involvement of milling
companies was also part of the approach, to ensure
that mill requirements in areas such as billet length
and trash levels were not in conflict with settings
to reduce losses.

The project

The harvesting adoption project was initiated in
2016 and commenced demonstration trials and
workshops in the 2017 season. Uncertainty around
burnt-cane trial methodology restricted trials being
undertaken in burnt-cane regions (Burdekin and
New South Wales) until the 2018 season. The
project aimed to undertake trials and workshops
with 10% of all harvesting groups in each area
covered in 2017.
Groups that participated in demonstrations
in 2017 were volunteers, many of whom had
indicated a willingness to explore HBP. This was a
deliberate decision, as the adoption team identified
that working with innovative groups early on
would allow the processes and presentations of
trials and workshops to be refined. The standard
practices of the volunteer groups are likely to
have been closer to HBP than those of operators
in general and, hence, the results of changed
practices may be an underestimate of what could
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be expected if there was similar uptake throughout
the wider industry.
With the above principles in mind, interactions
with harvesting groups were arranged as follows:
• Harvesting groups were invited to sign up for a
trial, using entities such as regional productivity
services to recruit volunteers. All members
of the group were encouraged to participate
in the trial with an expectation that growers
representing at least half of the group’s tonnage
would commit to involvement.
• In a field belonging to one grower of the
group, the adoption team ran a mass-balance
trial together with the Infield Sucrose Loss
Measurement System (ISLMS) (Whiteing 2013)
to demonstrate the sugar loss, production and
revenue outcomes from harvesting at different
pour rates (ground speeds) and fan speeds.
Patane et al. (2019) gives more details of these
demonstration trials. All members of the group
were encouraged to attend for at least part of the
day (trials generally lasted around 12 hours).
• QDAF economists and SRA met with 13 of the
harvesting contractors to collect detailed costs
specific to each operation and trial block in order
to evaluate the difference in harvesting costs from
using HBP instead of standard practice.
• T
 rial data were analysed and economic analyses
undertaken to showcase the relative performance
of each treatment trialled (Patane et al. 2019;
Thompson et al. 2019; Nothard et al. 2019).
• Results were presented at workshops facilitated
by the adoption team, held towards the end of
2017 and during the first half of 2018. At the first
of these workshops, groups were given the option
for a follow-up meeting, which most accepted.
These workshops were pivotal to the adoption
process. The growers had seen the trial and had
an improved understanding of the outcomes from
the different ground- and fan-speed combinations.
In each workshop, the adoption team discussed
various approaches through which change could
occur, while reinforcing that harvester operators
should not to be blamed for losses. Options put
forward included:
• Reducing pour rate and fan speed;
• Use of decision tools available, such as the
ready reckoner included in the HBP Manual
(Sugar Research 2014) and the SCHLOT
program that is on the SRA website (Sugar
Research Australia 2018);
• Feed-train optimisation;
• GPS monitoring of ground speed;
• Chopper design and reducing the number
of blades;
• T
 iming of maintenance of chopper and
basecutter blades to ensure sharpness;
• Changing payment arrangements;

• I mproving field conditions for presentation
of crop.
As the workshops were vital in bringing
about change, it was recognised that facilitators
should encourage the group to make decisions
around implementing change at the meetings.
The adoption team reviewed the publication How
to Use Persuasion Skills to Drive Technology
Adoption by C-Qual Agritelligence (2012)
prepared for the 2013 Sugar Advisory Services
Development Program. The following were taken
as principles for facilitating the workshops:
• Establish clear objectives – such as “Reduce
losses and ensure that incentives are
appropriate”;
• Know your product;
• Identify well-defined benefits and provide
sound and credible evidence – the trial results
provided these;
• Keep it simple and clear and focus on clarity
not detail, providing enough data to support
the goals;
• Propose specific actions – discussed above;
• Ensure practical implementation – from the
facilitator’s experience;
• Shrink the change – reduce expectations, build
on current practice, break the change into
steps and recognise successful steps.
The workshop facilitators asked decisional
questions to encourage action – “What do you
want to do?”, “What would allow you to make a
decision today?” This was successful in moving
groups towards change.

Experience so far

The demonstrations and trials were designed to
address impediments to adoption:
1. Recognition of the scale of losses and the
opportunity to minimise them through
changed practices. This was addressed in the
demonstration trial, where the participants
noted the different distances the haulouts
needed to travel to fill a bin under different
treatments. It was then confirmed with the
detailed reports at the workshops.
2. Operator expectations that there will be extra
harvesting costs from changes to practice and
a perceived inability to recoup them. This was
addressed by the format of gathering the group
together and the transparency provided by the
economic analysis of the trial.
3. In some groups, lack of communication
between the harvester operator and the farmers
in the group. Also addressed by bringing the
group together.
4. A feeling of pressure to harvest at high
rates to ensure that bin allotments are
filled. The economic analysis can assist in
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demonstrating the returns from reducing loss
and increasing income, thereby allowing the
harvester to be compensated for extra costs.
See Thompson et al. (2019) and Nothard et
al. (2019).
5. The concern that large contracts, which need to
harvest over a significant part of the working
day, do not allow for lower flow rates. Apart
from the point above, the economic analysis
considers time spent waiting for bins; slower
rates can minimise this, allowing a smaller
reduction in the daily offtake.
6. Pressure to maximise the bin weights, leading
to shortening of billets in an effort to increase
bulk density. This is not addressed during the
individual trial, but the results of the overall
trials can be used to demonstrate the fallacy
of this assumption.
These approaches have been successful
in generating change. We have recorded the
responses of each group and update these records
as groups report new activity. Data has been
gathered from group responses and from logged
data, where available.

Pour rate, ground speed, fan speed
and other parameters

Groups that participated in the demonstration trials
have, on average, reduced both ground speed (to
reduce pour rates) and fan speed. Figure 1 shows
the average product flow rate (machine-throat pour
rate) that participants nominated as their previous
commercial ‘standard’ practice at the trial,
compared to rates adopted after the trial, obtained
from data logs or responses at workshops. Many
groups have reduced their pour rates, but 50% are
still operating above the generic recommended
rates – 90 t cane/ha for John Deere machines and
80 t cane/ha for Case machines. This is reflective
of the need for a robust estimate of the cost and
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Figure 1: Product flow rate before and after involvement in
the project

to make the changes necessary to realise the
benefits of HBP, with many requesting an
improved decision-support tool.

Conclusions

Figure 2: Fan speed before and after involvement in the project

benefits of harvesting individual block under
different pour rates, which enables harvester
operators to adopt the best settings for most
circumstances and receive appropriate payments.
Groups have also reduced fan speeds; in
a remarkable development, all operators that
took part in the trials now run their fans at the
recommended rate (800 rpm or below), whereas
only 60% were doing so before the trials. Figure 2
shows the average reduction in fan speeds.
Of the 40 groups for which data is available:
• 25 groups have optimised their harvester
feedtrains;
• 11 groups have installed after-market choppers;
• 6 groups have changed payment arrangements
to encourage more efficient harvesting and
20 more are considering or negotiating better
payment arrangements. Universally, all these
groups have called for a decision-support tool that
allows greater customisation than the SCHLOT
demonstration or pour-rate ready reckoner from
the SRA website.
We have received feedback from participants
indicating that many are now supporters of best
practice, and that they accept that sugar losses
are real, significant and able to be addressed.
However, groups have asked for further assistance
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The rollout of this project has been successful,
with significant adoption in the first year
and the expectation that this will continue.
The innovation of conducting individual
demonstrations and facilitated workshops for
groups, along with a comprehensive economic
analysis, has given the project the ability to break
through the barriers to change. More work will
be required to provide industry with improved
decision-support systems and to bring other
elements of the value chain into consideration.
Changes in harvesting output may present
opportunities for mills to increase throughput and
sugar production, but may also present challenges
if, for example, capital investment in rolling
stock and cane-receival facilities is required.
Ongoing modelling and understanding of the
implications of changes across the value chain
will be the key to future success.
Sugar Research Australia has indicated it is
willing to continue this activity. It has applied
to the Australian Government for further
funding for the 2019–2021 seasons that will
allow continuation of the successful round of
engagement with harvesting groups to further
improve industry adoption and outcomes of HBP.
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Abstract

In-field cane loss is well recognised as a major source of sucrose loss. Strategies to
reduce that cane loss typically involve reducing the harvester forward speed and the
extractor-fan speed. Reducing harvester forward speed generally increases the cost
of harvesting, while reducing extractor-fan speed generally increases the extraneous
matter content of the cane supply. Efforts are being made to promote this lower speed
strategy. An alternative strategy to reducing harvester forward speed is to introduce
a post-harvest cane cleaning operation. Post-harvest cleaning has the potential to
address the problem of increased extraneous matter content in the cane supply while
maintaining the benefits of lower harvesting cost and lower cane loss. This paper
reports on experiments conducted to test the strategy of post-harvest cleaning as a
means of simultaneously achieving reduced in-field cane loss, low extraneous matter
content in the cane supply and low harvesting cost. The experiments were conducted
using Tableland cane supplies. Cane, billet and CCS yields were measured under
cane-supply strategies with and without post-harvest cleaning. While the experiments
confirmed that reduced harvester extractor-fan speed reduced cane loss and increased
extraneous matter content, post-harvest cane cleaning did not achieve the desired
objective of maintaining that reduced cane loss.
Keywords: harvesting, post-harvest cane cleaning, cane, billet, CCS, yield
Efecto de la limpieza poscosecha sobre el rendimiento de la caña
Resumen La pérdida de caña en el campo se reconoce como una fuente importante de pérdida de sacarosa.
Las estrategias para reducir esa pérdida de caña generalmente implican reducir la velocidad de avance
de la cosechadora y la velocidad del ventilador extractor. La reducción de la velocidad de avance de la
cosechadora generalmente aumenta el costo de la cosecha, mientras que la reducción de la velocidad del
ventilador extractor generalmente aumenta el contenido de materia extraña. Se están realizando esfuerzos
para promover esta estrategia de menor velocidad. Una estrategia alternativa para reducir la velocidad de
avance de la cosechadora es implementar una operación de limpieza de la caña después de la cosecha.
La limpieza poscosecha, tiene el potencial de abordar el problema del aumento del contenido de materia
extraña en el suministro de caña, al tiempo que mantiene los beneficios de un menor costo de cosecha y
una menor pérdida de caña. Este artículo trata sobre experimentos realizados para probar la estrategia de
limpieza poscosecha como un medio para lograr simultáneamente una reducción de la pérdida de caña en
el campo, un bajo contenido de materia extraña y un bajo costo de cosecha. Los experimentos se realizaron
utilizando suministros de caña de Tableland. Los rendimientos de caña, trozos y CCS se midieron mediante
estrategias de suministro de caña con y sin limpieza poscosecha. Si bien los experimentos confirmaron que
la reducción de la velocidad del ventilador extractor de la cosechadora redujo la pérdida de caña y aumentó
el contenido de materia extraña, la limpieza de la caña después de la cosecha no logró el objetivo deseado
de mantener esa pérdida reducida de caña.
Palabras clave: cosecha, limpieza poscosecha, caña, trozo, CCS, rendimiento

Introduction

Considerable work has been done to show that
in-field cane loss can be substantially reduced
by reducing the speed of harvester extractor fans
(Whiteing and Norris 2002). While it has been well
established that a reduction in extractor-fan speed
has relatively little effect on the cane-supply trash
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content (Whiteing and Norris 2002), increasing
fan speed remains a widely practiced strategy for
managing the trash content (Patane et al. 2019a;
Thompson et al. 2019).
Whiteing and Norris (2002) concluded that
high trash contents in the cane supply were largely
a consequence of pour rates in excess of the
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capacity of the cleaning chamber on the harvester,
and that the most effective strategy for reducing
trash content in the cane supply was to reduce
pour rate by reducing ground speed. Conceptually,
reducing ground speed results in increased
harvesting time and, hence, increased harvesting
cost, although changes in cane yield with changes
in harvester operating parameters make the
actual relationship much more complex (Nothard
et al. 2019). Thompson et al. (2019) presented
economic results showing the overall benefit
of reducing both ground speed and extractor
fan speed. Nonetheless, the task of introducing
practices to reduce ground speed is sizeable
(Patane et al. 2019b,c).
An alternative approach to reducing the trash
content in the cane supply without reducing
ground speed is to introduce post-harvest
cleaning of the cane supply (Norris et al. 2015).
In concept, the harvester extractor fans can be
operated at low speed to reduce cane loss, the
harvester can be operated at high pour rate to
reduce harvesting cost and the post-harvest
cleaning operation can be utilised to manage the
trash content in the cane supply.
This paper presents the results of experiments
conducted on the Atherton Tablelands focussing
on the cane, billet and CCS yield achieved by
different harvesting strategies, with and without
post-harvest cleaning. The experiment was part
of a larger project reported in full by Ginns et
al. (2019). The economics associated with this
experiment were given by Ginns et al. (2020).

The experiments
Experimental-design overview

These experiments aimed to compare different
cane supply treatments involving different
harvesting parameters, with and without
post-harvest cane cleaning. The focus of the
experiments was on three cane-supply treatments:
• “Commercial practice”. Commercial harvesting
practice for the area/contractor (relatively high
primary-extractor-fan speeds coupled with
secondary extraction) at commercial ground
speed and typically at a reduced billet-length
setting. The outcome is a high harvester pour
rate and “typical” load density.
• “Low-loss” harvesting. Using the primary
extractor fan at lower speed to reduce cane
loss and the secondary extractor turned off.
The harvester operating at similar pour rate to
commercial practice.
• “Low-loss harvesting and post-harvest
cleaning”. Low-loss harvesting followed by
post-harvest siding/field edge cane cleaning
using a Norris ECT 180 mobile cane cleaner.
This cleaner was used to clean the cane prior to

forwarding to the mill.
The Norris ECT 180 mobile cane cleaner,
purchased by Sugar Research Australia, was
leased to the project (Figure 1).

Test method overview

In each experiment, tests were conducted in
blocks, with each block consisting of a test of each
cane supply treatment in random order. The cane
supply for each treatment was randomly selected
across the field using the mass balance or linear
method. This proven method involves harvesting
a haul-out load of cane using one treatment and
then applying another treatment, in random order,
so that each treatment is composed of cane supply
from across the block, minimising the effects
of field variability on the experimental results.
Harvesters were equipped with GPS navigation
systems to log the start and end point of each
treatment, enabling yield assessments to be made.
The key field measurements made were:
• T
 otal harvested yield per hectare based on
the harvested area determined using the GPS
navigation system and the tonnes of cane
delivered to the mill.
• Extraneous matter analysis sampled from the
haulouts in the field.
• Cane analysis (fibre, brix and pol) measured
at the mill.
Details of the measurement methods were
given by Ginns et al. (2019).

Experimental details

Five experiments were conducted (experiments 1
to 5). The first two experiments were preliminary
in nature and are not reported here. They focussed
on establishing the desired harvester and canecleaner operating parameters and refining the
test method. Details of these experiments were
provided by Ginns et al. (2019).
The designs of experiments 3 to 5 are
summarised in Table 1. The specific harvester

Figure 1: Norris ECT180 mobile cane cleaner and haulouts on
MSF Sugar’s ‘Mousa Farm’, 2018
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Table 1: Summary of experimental designs
Experiment
3

Variety
KQ228 P

Blocks
11

Treatment
1 Commercial
2 Normal
3 Low loss + cleaning

Fan speed (r/min)
900
800
700

Cleaned
No
No
Yes

4

KQ228 P

17

1 Commercial
2 Low loss
3 Low loss + cleaning

900
700
700

No
No
Yes

5

Q208 P

10

1 Commercial
2 Normal
3 Low loss
4 Low loss + cleaning

850
750
600
600

No
No
No
Yes

operating conditions for each treatment were
selected taking into account current practices
of the harvester on the particular farm. The
harvesters involved in the experiments were
practicing elements of harvest best practice
(Patane et al. 2019b) and were typically operating
at lower extractor fan speeds. As a result, bin
weights were often lower than desired. In
selecting the treatments, one labelled Commercial
was selected that increased extractor fan speed
slightly to restore desired bin weights, while one
labelled Normal was closer to the harvester’s
current operating settings.

Figure 2: Yield results from the experiments

Yield results

The cane, billet and CCS yield results are presented
in Figure 2. Billet yield was calculated using the
results of the extraneous matter analysis. CCS yield
was calculated using the results of the NIR cane
analysis at the factory (Staunton et al. 1999).
In all three experiments and in cane, billet and
CCS yield, the box plots show an increase in yield
as the extractor-fan speed reduces. These results
are consistent with those of Whiteing and Norris
(2002) and consistent with the expectations of
harvest best practice (Patane et al. 2019b). In all
three experiments, and in cane, billet and CCS
yield, the box plots also show a reduction in yield
following post-harvest cleaning. Conceptually, this
result may be expected for cane yield, since trash
(part of cane) is removed by
the cleaning operation. The reduction in billet
yield and CCS yield was not expected.
Analysis of variance did not find any statistically
significant yield differences at the 5% level among
the treatments in experiment 3. In experiment 4,
statistically significant differences were found
between treatments 1 and 2 and between treatments
2 and 3, for both cane yield and CCS yield, and
between treatments 1 and 2 and between treatments
1 and 3 for billet yield. For experiment 5, the
analysis of variance found statistically significant
differences in cane yield between treatment 3 and
treatments 1, 2 and 4 and also between treatments 1
and 2. Statistically significant differences were also
found in the CCS yield between treatment 3 and
treatments 1, 2 and 4.

Cane-cleaner mass balance

At the conclusion of experiment 3, when it was
first confirmed that treatment 3 yield was less
than treatment 2 yield, it could not be confirmed
whether the reduction in yield was caused by the
low-loss harvesting operation or the post-harvest
cleaning operation, since the harvesting parameters
changed between treatments 2 and 3, along with
the addition of post-harvest cleaning.
Consequently, when experiments 4 and 5
were designed, a low-loss harvesting treatment,
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in addition to a low-loss harvesting with postharvest cleaning treatment, was included. The
results of these latter experiments confirmed that
post-harvest cleaning, rather than the low-loss
harvesting treatment, was responsible for the
yield reduction.
To gain some understanding of what was
happening during the post-harvest cleaning
operation, mass-balance calculations were
performed around the cane cleaner. In experiment
4, treatment 2 (low loss) was equivalent to the
cane supply being fed into the cane cleaner and
treatment 3 (low loss + cleaning) was the cane
supply being discharged from the cane cleaner.
In experiment 5, the feed and discharge cane
supplies were treatments 3 and 4, respectively.
The difference between the feed and discharge
cane supplies represents the loss in yield, of which
the trash-discharge stream from the cane cleaner
is the most visible source of this loss. Table 2
shows the mass-balance results, based on the mean
yield results from the experimental treatments.
The 6 t/ha and 4 t/ha billet losses shown in Table
2 correspond to a loss of 4% and 3% of the
harvested billets, respectively.
To validate the mass-balance results, an effort
was made to physically measure the quantity
of billets lost from the cane cleaner. After an
estimated 38.6 t of billets was processed through
the cane cleaner following the start of experiment
4 on a clean site, an effort was made to collect all
billets around the cleaner following the discharge
of the clean cane.
Billets were collected from separate sources
of loss:
• Loading (cane spilt when transferring cane from
the haulout to the cane cleaner)
• Hopper conveyor (cane found under the hopper

conveyor near the discharge end)
• F
 eed elevator (cane found under the feed
elevator in the enclosed space around the fan)
• Discharge elevator (cane found under the
discharge elevator)
• Unloading (cane spilt when transferring cane
from the cane cleaner to the haulout)
• T
 he trash chute (cane in the trash flow that did
not discharge from the chute)
• T
 he discharged trash (cane found in the trash
discharged from the cane cleaner).
The measured quantities of billets lost are
presented in Table 3. Note that access under
the feed elevator was restricted. After collecting
a substantial quantity of the billets from that
location, it was estimated that the collected
quantity was about
one-third of the billets in that location. Because
of the large volume of the trash pile behind the
cleaner, it was considered too laborious to sort
through the entire pile.
The trash closest to the trash chute and for
about 3 m from the chute, where the majority of
the cane billets and fragments land, was sorted. It
was estimated that this area contained 50-80% of
the ejected billets (50% was assumed in the billet
loss calculations). The measurements indicate
a total of about 2% of the cane delivered to the
cleaner was lost through the cleaner, about half
of the total loss calculated by mass balance in
experiment 4.
It is feasible that there was some loss of billet
mass in addition to what was measured, since
there were more damaged and mutilated billets
in the cane exiting the cleaner than in the cane
entering the cleaner (Figure 3). It seems unlikely,
however, that the loss of billet mass could be as
large as the mass of billets found and reported in

Table 2: Cane-cleaner mass-balance results
Yield (t/ha)
Entering cleaner
Exiting cleaner
Loss (including trash stream)

Cane
182
160
22

Experiment 4
Billets
160
154
6

CCS
29.5
26.1
3.5

Cane
133
118
15

Experiment 5
Billets
117
113
4

CCS
18.8
17.1
1.6

Table 3: Measurements of billet loss from the cane cleaner during experiment 4
Location
Loading
Hopper conveyor
Feed elevator
Discharge elevator
Unloading
Trash chute
Discharged trash
Total

Measured
mass (kg)

Scaling factor

Estimated
mass (kg)

Percentage
(%)

6.2
3.5
21.5
71.1
71.9
197.0
150.8

1
3
1
1
1
1
2

6.2
10.5
21.5
71.1
71.9
197.0
301.5
679.7

0.02
0.03
0.06
0.18
0.19
0.51
0.78
1.76
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Figure 3: Damaged and mutilated billets, before and after
cane cleaning

Table 4: Cane-cleaner CCS results
CCS (%)
Entering cleaner
Exiting cleaner
Loss (including trash stream)

Experiment 4

Experiment 5

16.3
16.3
15.6

14.1
14.5
10.8

Table 3, to make up the measured mass to that
calculated by mass balance.
The billet yield entering the cleaner was based
on a measured average extraneous matter content
of 12%. If the true extraneous matter content was
14%, it would account for the discrepancy in cane
cleaner billet loss. It is known that sampling is a
major issue with high-trash cane supplies, such as
the low-loss treatments.
A combination of these two mechanisms
could adequately explain the discrepancy in billet
loss between the physical measurements and the
mass balance.

CCS measurement

While billet yield was a useful parameter to
examine the mass balance around the cane cleaner,
the ultimate test of the cane supply strategy is to
increase the yield of sugar produced per hectare,
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not simply the number of billets. CCS is a simple
indicator that can be used to estimate sugar
production.
Table 4 presents the measured CCS of the
low-loss treatment and the low-loss + cleaning
treatment cane supplies from experiments 4 and
5 corresponding to the yield data shown in Table
2. Table 4 also shows the calculated CCS of the
loss stream from the cane cleaner to provide the
CCS balance for Table 2. The surprising result
was that the CCS of the loss stream, that is largely
the extracted trash, was calculated to be almost
as high as that of the clean cane supply. This
result has occurred because the CCS of the high
trash cane supply entering the cane cleaner was
measured to have a CCS close in value to the CCS
of the cleaned cane exiting the cleaner. This result
cast in doubt the NIR-based CCS measurement
used in the CCS yield calculations. Experiment
5 explored this issue further. In addition to the
NIR-based CCS measurement, experiment 5
measured CCS by conventional can fibre and first
expressed juice brix and pol analysis and also
by direct cane analysis (using both moisture and
fibre measurements, in addition to brix and pol by
disintegration).
Figure 4 shows the CCS yield results using
the four different methods. Note that NIR
CCS refers to the CCS method by NIR shown
previously in Figure 2, FEJ based CCS refers to
the conventional method of using can fibre and
juice-based brix and pol analysis, DAC CCS refers
to direct cane analysis using moisture analysis,
and DAC (fibre) CCS refers to direct cane analysis
using fibre analysis. While both the NIR and
juice-based analysis results show the substantial
reduction in CCS yield between treatments 3
and 4, the direct cane analysis results do not. A
statistically significant difference was found in the
first-expressed-juice-based CCS yield between
treatments 1 and 3. No statistically significant
differences were found from the direct cane
analysis results.
The cane-cleaner mass balance of Table 2 for
the CCS yield of experiment 5 has been extended
in Table 5. The results show the juice-based
analysis results in a lower CCS loss than the
NIR analysis and that the direct cane analysis
results in a CCS loss even lower. Table 6 shows
the resulting calculated CCS of the loss stream.
The direct cane analysis produced a CCS of the
loss stream that seems most realistic for a stream
consisting mainly of trash.

Discussion and conclusions

This paper reports on yield measurements made
during three large experiments in the Tableland
region. All three experiments show an increase in
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yield as harvester extractor fan speed
reduces but also show a reduction in yield
following post-harvest cleaning. While the
increase in yield with reducing fan speed was
expected, the reduction in yield following postharvest cleaning was not.
It is perhaps not surprising that there is some loss
associated with the introduction of an additional
processing operation, although the measured size of
the loss was greater than expected. While more than
half of the measured loss could be accounted for,
the remainder could not.
The experiments were conducting using
varieties KQ228P and Q208P. While these were the
main varieties grown on the Tablelands, these two
varieties are recognised as varieties that typically
have low cane loss. It is possible that, should a
similar experiment be done using a variety that
is recognised as having high cane loss, a more
favourable outcome for post-harvest cleaning may
have resulted.
It is not a surprise that there is some loss of
sucrose associated with trash removal. McGuire
et al. (2011) measured sucrose (pol) on trash. Any
cane-cleaning operation is going to remove that
sucrose from the cane supply.
The use of NIR cane analysis for the
measurement of CCS yield is not recommended,
particularly for cane supplies with high trash
levels. Results obtained using direct cane analysis
were considered more accurate.
The economics associated with these results
are reported separately by Ginns et al. (2020).

Acknowledgements

This project was supported by Sugar Research
Australia Limited, through funding from
the Australian Government Department of
Agriculture as part of the Rural R&D for Profit
program. Cam Whiteing and Chris Norris
from Norris ECT are acknowledged for their
assistance with the experimental program.
Experiments 3 and 4 were conducted with MSF
Sugar; we thank Gary Murphy and Peter Chohan
of MSF Sugar for assistance with data retrieval,
Steve Staunton from SRA for the provision
of the data for analysis, and Mick Ward, Ric
Maatman and the field staff of MSF Sugar,
Wayne Rees and all his harvester crews and
Qube transport for their assistance. We thank
Rajinder Singh for hosting the cane cleaner on
his property for experiment 5, Ross Bray and
his harvester crew for their cooperation, the
transport staff of Qube, along with Marty Mous
and the traffic staff at Mossman Mill, for their
cooperation, Louie Sciacca, Craig Butland,
Terry Melchert and analysts Rita Milani, Jocelyn
Marr, Murray Holmes, Jack Nguyen and Sarah

Figure 4: Experiment 5 CCS yield results using different methods
of CCS measurement

Table 5: Cane-cleaner CCS mass-balance results for experiment 5
CCS yield (t/ha)

NIR

FEJ

DAC

DAC (fibre)

Entering cleaner

18.8

19.0

18.5

18.4

Exiting cleaner
Loss (including trash stream)

17.1
1.6

18.0
1.0

18.0
0.5

17.9
0.5

Table 6: Cane-cleaner CCS results for the different analysis
methods of experiment 5
CCS (%)

NIR

FEJ

DAC

DAC (fibre)

Entering cleaner

14.1

14.2

13.9

13.8

Exiting cleaner
Loss (including trash stream)

14.5
10.8

15.2
6.6

15.2
3.5

15.1
3.3

Rossetto, at Mossman Mill for their assistance
and support, and Floren Plaza and Darcy Patrick
for their help with the sampling and analysis.
Paul McNair of Mirrabooka and Steve Staunton
of SRA are also acknowledged for providing
analysis data from Mossman.
* Paper from the Covid-19 impacted postponed
2020 Australian Society of Sugar Cane
Technologists annual conference and is published
here with the agreement of the Society.

internationalsugarjournal.com

117

Effect of post-harvest cleaning on cane yield*

References

AM29 I Getty images

Ginns SP, Kent GA, Johnston B, Panitz JH,
Robotham BG (2020) Economic evaluation of
post-harvest cane cleaning. Proceedings of the
Australian Society of Sugar Cane Technologists
42: 87–93.
Ginns SP, Kent GA, Robotham B, Panitz J,
Johnston W (2019) Commercial scale economic
evaluation of post-harvest cane cleaning to
maximise the returns to the supply chain. SRA
Final Report 2016/953, Sugar Research Australia,
Brisbane.
McGuire PJ, Inderbitzin M, Rich B, Kent GA
(2011) The effect of whole crop harvesting on crop
yield. Proceedings of the Australian Society of
Sugar Cane Technologists 33: 12 pp.
Nothard B, Thompson M, Patane P, Landers G,
Norris CA, Poggio M (2019) Cost assessment of
the adoption of harvesting best practice (HBP).
Proceedings of the Australian Society of Sugar
Cane Technologists 41: 497–506.
Norris CP, Norris SC, Landers GP (2015) A new
paradigm for enhanced industry profitability:
post-harvest cane cleaning. Proceedings of the
Australian Society of Sugar Cane Technologists
37: 166–175.
Patane P, Landers G, Norris CP (2019a) Assessing

118

ISJ's World Sugar Yearbook 2021 | ©2021 IHS Markit®. All rights reserved.

cane and sugar losses utilising world-class
methods. Proceedings of the Australian Society of
Sugar Cane Technologists 41: 479–487.
Patane P, Landers G, Thompson M, Nothard B,
Norris CA, Olayemi M (2019b) Adoption of
practices to mitigate harvest losses: 2017 results.
Proceedings of the Australian Society of Sugar
Cane Technologists 41: 488–496.
Patane P, Milford B, Landers G, Thompson
M, Nothard B, Norris CA, Venables C (2019c)
Harvesting groups – the key to improving
harvesting practice. Proceedings of the Australian
Society of Sugar Cane Technologists 41: 473–478.
Staunton SP, Lethbridge PJ, Grimley SC, Streamer
RW, Rogers J, Mackintosh DL (1999) On-line
cane analysis by near infra-red spectroscopy.
Proceedings of the Australian Society of Sugar
Cane Technologists 21: 20–27.
Thompson M, Nothard B, Patane P, Landers
G, Norris CA (2019) Economic evaluation of
sugarcane harvesting best practice. Proceedings
of the Australian Society of Sugar Cane
Technologists 41: 507–511.
Whiteing C, Norris CP (2002) Facilitation of best
practice to reduce extraneous matter and cane
loss. SRDC Final Report Project BSS189, Sugar
Research and Development Corporation, Brisbane.

Editorial Comment
Digital agriculture – traversing the intrinsic
vs novelty value of emerging technologies
We live in a connected world. This is driven by the powerful
technology trends informed by the continuing rise in processing
power, storage, and bandwidth at ever-lower costs along with “the
rapid growth of cloud, social media, and mobile computing; the
ability to analyze Big Data and turn it into actionable information;
and an improved ability to combine technologies (both hardware
and software) in more powerful ways – make it possible to realize
more value from connectedness”1. All vocations are impacted
by the trend. This includes agriculture where the pressure to
drive productivity, reduce costs through judicious use of inputs
and improve employee productivity are central to driving
competitiveness. From equipment automation to data collection
and analysis, the digital evolution of agriculture is giving
progressive farmers effective tools to benefit their enterprises.
Auto-steer systems developed for example by Volvo, which use
GPS receivers to ensure that following cane harvesting, the stubble
is not trampled over by the self-steering truck collecting the
harvested cane and thereby potentially increasing ratoon crop yield
by 12%. Similar systems developed by the start-up Bear Flag keep
rows straight and avoid gaps or overlap, for a range of equipment
from tractors to harvest combines to sprayers with 100-foot-wide
booms. Precision seeders and fertilizer systems can be satelliteguided to accuracy of an inch or less. Add to this the development
in driverless farming equipment using sensors (lidar, radar and
digital video) similar to those in autonomous road vehicles, the
prospect of addressing labour shortage and carrying out tractor
operations around the clock is becoming a reality.
The rise of digital farming technologies such as remote sensors,
satellites and drones backed up by artificial intelligence-based
tools has given farmers access to wealth of data distilled into
trends/insights from which they can both monitor a range of
crop production parameters (e.g. plant health) and make critical,
timely, and in-field decisions promptly, and thereby optimise
crop productivity. Through its FieldView™ and FarmRise™
platforms, Bayer is supporting farmers in both the developed and
emerging economies with digital solutions. In the latter case, it
is targeted towards smallholders whereby they are supplied with
key agronomic information through their mobile devices to help
improve their operations.
At the moment, the rate of adoption of digital agriculture is
slow. At an agric tech event I attended recently, the Managing
Director of 6000- hectare enterprise suggested two reasons for
the slow uptake. Farming operations first need to be at the very
top end as automation is driven by profitability. Even under these
circumstances, investment is not compelling as tractor operations
represent only 4-5% of the cost. Further, agriculture production
systems are complex by their very nature, affected as they are by
weather, plant genetics and nutrition, soil type, pest and diseases
complex, which have made digitizing more difficult. Yes, sensors

The evolution of digital agriculture

Source: https://www.accenture.com/_acnmedia/Accenture/Conversion-Assets/DotCom/
Documents/Global/PDF/Digital_3/Accenture-Digital-Agriculture-Point-of-View.pdf

are available that support farmers to optimize irrigation and
fertilizer use through cloud-based analytics platform via their
mobile devices. But these sensors do not support the entire value
chain. For example, in sugar beet production, AI technology is not
yet refined to distinguish two diseases (rust and cercospora) at an
early stage due to the challenges in the calibration of spectral data.
Finally, farmers are generally conservative in their nature.
Well remember, in the ‘80s there was a multi-lateral supported
agricultural development project in Sokoto state where irrigation
over 25,000 hectares supported the production of three crops.
Farmers made enough money from one crop to maintain their
life-styles rather than break their backs making money. It is not
that the farmers in the west do not value the strides made in digital
agriculture, it is simply what value they can extract it from the
investment. It appears, that technologies for agriculture still need
to go through some maturity phase.

Arvind Chudasama

Endnote: 1 https://www.cisco.com/c/dam/en_us/about/ac79/docs/
innov/IoE_Economy.pdf
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Abstract

Sugarcane farmers are becoming increasingly aware of the importance of soil
health. However, there are limited tools by which the health of soils can be measured.
Nematodes are known to be an excellent indicator of soil health, but their identification
and enumeration is laborious and requires the expertise of a diminishing pool of trained
scientists. Molecular methods are being used to detect specific nematode targets and
estimate their numbers, but in the sugar industry this work has focused on two key
pests: root-lesion nematode (Pratylenchus zeae) and root knot nematode (Meloidogyne
spp.). However, such methods are not useful against the huge range of free-living
nematodes that are present in sugarcane soils and are arguably more informative with
regards to soil health. Advances in DNA sequencing technology have facilitated the
development of metabarcoding tools which can effectively identify as well as enumerate
soil micro-organisms such as bacteria and fungi. We describe how we aim to apply
this technology to the identification and enumeration of soil nematodes, and how the
molecular tests that are developed could be used by farmers to assess the effectiveness
or otherwise of soil health interventions.
Keywords: soil health, nematodes, metabarcoding
Hacia un conjunto de herramientas moleculares para evaluar la salud biológica del suelo
Resumen Los agricultores de caña de azúcar son cada vez más conscientes de la importancia de la salud
del suelo. Sin embargo, existen herramientas limitadas con las que se puede medir la salud de los suelos.
Se sabe que los nematodos son un excelente indicador de la salud del suelo, pero su identificación y
enumeración es laboriosa y requiere la experiencia de un grupo cada vez menor de científicos capacitados.
Se están utilizando métodos moleculares para detectar objetivos específicos de nematodos y estimar
su número, pero en la industria azucarera este trabajo se ha centrado en dos plagas clave: el nematodo
lesionador de raíces (Pratylenchus zeae) y el nematodo de agallas en raíces (Meloidogyne spp.). Sin
embargo, tales métodos no son útiles contra la amplia gama de nematodos de vida libre que están presentes
en los suelos de caña de azúcar y posiblemente sean más informativos con respecto a la salud del suelo.
Los avances en la tecnología de secuenciación de ADN han facilitado el desarrollo de herramientas
de metabarcoding que pueden identificar y enumerar de manera eficaz los microorganismos del suelo,
como bacterias y hongos. Describimos cómo pretendemos aplicar esta tecnología a la identificación y
enumeración de nematodos del suelo, y cómo los agricultores podrían utilizar las pruebas moleculares que
se desarrollan para evaluar la efectividad o no de las intervenciones de salud del suelo.
Palabras clave: salud del suelo, nematodos, metabarcoding

Introduction

Soil health problems have plagued the Australian
sugar industry for many years. Within 30 years of
the industry being established, Maxwell (1900)
noted that the producing power of the land had
become noticeably reduced and yields were
lamentably low. Early studies on what was then
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known as the ‘sick soil syndrome’ showed that
sugarcane grew much better in virgin soil than
cane-growing soils and that biological constraints
were one of the causal factors (Bell 1935).
More recently, the soil degradation problem was
termed ‘yield decline’ (Garside et al. 1996) and
was shown to be associated with many factors,
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including long-term monoculture, uncontrolled
traffic from heavy machinery, excessive tillage,
pathogenic bacteria, fungi, oomycetes and
nematodes; and practices that deplete soil organic
matter (Garside et al. 2005; Bell et al. 2007;
Stirling, 2008).
An increasing number of growers have taken
steps to increase productivity and improve the
health of their soils. These measures include
minimum tillage, legume rotation crops,
controlled traffic and crop residue-retention in
their farming system. Others are experimenting
with practices such as multi-species cover crops,
intercropping and organic amendments, or are
testing various commercially available biological
and organic products (Stirling 2018; Stirling et
al. 2018; Stirling and Mattsson 2018). Given the
findings of the Sugar Yield Decline Joint Venture
(Garside and Bell 2006), most of these practices
reduce surface crusting, increase macroporosity,
reduce penetration resistance, increase rainfall
infiltration rates, improve aggregate stability,
increase cation-exchange capacity, increase
organic carbon levels and improve the soil
biology. Growers can use analytical services to
check that various soil physical and chemical
properties have improved, but tests to assess
biological benefits are not widely available.
Of all the organisms found in soil, nematodes
are one of the most useful biological indicators
of soil health. They are relatively easy to extract,
they feed on plant roots and other organisms
that live in soil, and their food sources can be
determined by examining the structure of their
oesophagus and mouth parts. Their numbers
fluctuate in response to the population dynamics
of the organisms they consume, and they are
highly responsive to changes in the soil physical
and chemical environment. The methods used
to assess nematode assemblages are well
documented (Ferris and Bongers 2009) and
have been used to show that tillage, crop residue
management, fertilisers, organic amendments,
cover crops, rotation crops and pesticides
influence biological activity and diversity, with
flow-on effects to soil health (Sanchez-Moreno
and Ferris 2018).
Few such studies have been done on sugarcane,
but nematode community analyses showed that
fungi dominated decomposition channels in the
soil food web following a non-legume fallow,
whereas bacteria were predominant when legumes
were used as a rotation crop (Stirling et al. 2007).
Although nematodes are widely used as
environmental indicators (Wilson and KakouliDuarte 2009), the need for taxonomic expertise
to identify nematodes is a major constraint.
There are currently taxon-specific quantitative

PCR tests available for many nematodes,
but these are limited by the need to test for
each specific taxon, and do not necessarily
provide sufficient information to infer soil
health. Consequently, we are in the process of
developing molecular tools that provide accurate,
rapid and inexpensive methods of identifying
nematodes and quantifying population levels.
This paper describes the first part of that process:
obtaining sequence information on the plantparasitic and free-living nematodes typically
found in Australian soils.

Materials and methods
Sample collection

In April, May and June 2019, we collected
soil samples from 86 fields in Queensland and
northern New South Wales. Most fields were
planted to sugarcane, but some had a rotation
crop (usually a legume) and others were bare
fallows. The extraction tray method of Whitehead
and Hemming (1965) was used to extract
nematodes from 440 g moist weight of soil,
with the nematodes being retrieved after 2 days
by sieving twice on a 38 µm sieve. Numbers
of plant-parasitic nematodes and total numbers
of free-living nematodes were counted at a
magnification of 40X. The nematodes were
then fixed in 4% formaldehyde and a sample of
150–200 nematodes from each soil sample was
identified to genus or family level. To provide an
indication of the primary decomposition channel
in the soil food web, the Nematode Channel
Ratio (Yeates 2003) was calculated as B/(B+F),
where B and F are the number of bacterivores
and fungivores, respectively.
Sequence information on the key plantparasitic and free-living nematodes present at
various sampling sites was obtained by handpicking 5–10 morphologically indistinguishable
nematodes from the main groups encountered
from suspensions before the nematodes were
fixed. All nematodes were visually identified
to family level, and where possible, to genus
and species.
The nematodes were placed on a slide
to confirm that they belonged to the same
morphological taxon and then single nematodes
were placed in Eppendorf tubes containing
DESS (dimethyl sulfoxide, disodium EDTA,
and saturated NaCl) (Yoder et al. 2006). A
permanent slide was prepared with the remaining
specimens so their identity could be confirmed
using morphology. To obtain a greater range of
nematodes associated with grasses, the same
methods were used to process single nematodes
retrieved from pasture grasses in Queensland and
turfgrass in Western Australia.
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Molecular characterisation

DNA was extracted from individual nematodes
using the modular universal DNA extraction
method (mu-DNA) of Sellers et al. (2018).
PCR was performed using universal 18S rRNA
gene primers (NF1 and 18Sr2b) as described by
Porazinska et al. (2009). PCR amplicons were
assessed by agarose gel electrophoresis, followed
by purification with Ampure XP magnetic
beads (Beckman Coulter, Ind., USA). The yield
of purified PCR amplicons was assessed by
fluorimetry using the Quantifluor dsDNA system
(Promega, WI, USA). Amplicons were then
subjected to Sanger sequencing using the forward
primer NF1 by Macrogen, South Korea.
Sanger sequence data were visualised using the
FinchTV software package, and sequencing errors
were detected and corrected manually. Putative
identifications of single nematode sequences
were determined using BLASTN searches of the
NCBI non-redundant nucleotide database. Based
on the BLASTN search results, sequences of
closely related nematodes were selected for use in
phylogenetic analyses.
Sequence data has been submitted to GenBank
and are available from the senior author.

Phylogenetic analysis

Following manual quality checking and trimming,
the DNA sequences were aligned using MUSCLE
in MEGAX (Kumar et al. 2018). A basic

phylogeny was produced that showed which
sequences were identical and facilitated further
manual checking for possible sequencing errors.
A single representative of each unique sequence
was retained in the alignment, and BLAST
searching was used to identify the most closely
related taxon named to species level (and thus
excluding unidentified environmental samples).
These were added to the alignment, as well
as the corresponding sequence for an uncultured
tardigrade which was used as an outgroup. All
sequences were trimmed to the same length
(approximately 350 bp), then a Maximum
Likelihood tree was constructed with 500
bootstrap replications.

Results
Manual analysis

The manual nematode counts showed that most
of the soils were dominated by plant-parasitic
nematodes. About one-third of samples had
more plant-parasitic nematodes than freeliving nematodes and a similar proportion
of samples had populations of root-lesion
nematode (Pratylenchus zeae) greater than 500
nematodes/200 g dry soil.
The free-living nematode analyses indicated
that the nematode community was dominated
by the fine-tailed Tylenchidae and two groups
of bacterivores. The fine-tailed Tylenchidae are
plant associates and they comprised more than

Table 1: Individual nematodes sequenced in this study, with morphological identification,
molecular identification and the sequence similarity
Seq.
ID

Morphological I.D.

Common name
(plant parasites)
or trophic group

Crop

Region

Closest molecular I.D.

%
similarity

B1

Rhabditidae

Bacterivore

Sugarcane

A7

Aphelenchus sp.

Fungivore

Peanut

Burdekin

Distolabrellus veechi

98.75

Bundaberg

Aphelenchus avenae

E6

Dorylaimida

Omnivore

Peanut

Bundaberg

100

Aporcelaimellus obtusicaudatus

99.69

F6

Dorylaimida

Omnivore

Peanut

Bundaberg

Aporcella vitrinus

100

F9

Dorylaimida

Omnivore

Bare fallow

Tully

Belondira bagongshanensis

98.46

H9

Dorylaimida

Omnivore

Sugarcane

Ingham

Dorylaimoides limnophilus

99.07

H11

Ibipora lolii

Sting

Turf

Perth

Ibipora lolii

100

E11

Meloidogyne javanica

Root-knot

Culture

BCP*

Meloidogyne javanica and M. incognita

100

C4

Mononchida

Predator

Sugarcane

Tully

Anatonchus tridentatus

98.43
98.46

C10

Mononchida

Predator

Sugarcane

Ingham

Prionchulus oleksandri

H1

Paratrichodorus minor

Stubby root

Sugarcane

Burdekin

Paratrichodorus minor

100

A6

Paratylenchus sp.

Pin

Pasture

Gatton

Hemicriconemoides kanayaensis

96.90

H5

Pratylenchus neglectus?

Root-lesion

Pasture

Gatton

Pratylenchus delattrei

97.22

H10

Radopholus similis

Burrowing

Culture

BCP*

Radopholus similis

99.70

H3

Tripylidae

Predator

Sugarcane

Burdekin

Tripylina zhejiangensis

100

G4

Tylenchidae

Plant associate

Cowpea

Tully

Basria duplexa

99.07

A5

Tylenchidae

Plant associate

Cowpea

Tully

Basria duplexa

99.07

E3

Paralongidorus sp.

Needle

Sugarcane

Burdekin

Paralongidorus bikanerensis

99.70

F4

Xiphinema sp.

Dagger

Sugarcane

Tully

Xiphinema elongatum

99.70

D8

Xiphinema sp.

Dagger

Turf

Perth

Xiphinema citricolum and X. americanum

99.69

* From the nematode culture collection of Biological Crop Protection
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one-third of the nematode community at about
20% of the sites.
The predominance of bacterivores (mainly
Rhabditidae and Cephalobidae) in most samples
meant that the Nematode Channel Ratio was
generally greater than 0.7, indicating that bacteria
rather than fungi dominated decomposition
channels in the detritus food web. Many soils had
relatively low numbers of omnivorous nematodes
(Order Dorylaimida), with this group comprising
less than 5% of the free-living nematode
community at about 40% of the sites.
Predatory nematodes (order Mononchida)
were also rare at most sites, but one interesting
observation was that they were present in
relatively high numbers (comprising 15–25%
of the nematode community) at some sites,
particularly in high-rainfall regions around Tully
and Innisfail in north Queensland.
Many of the taxa identified were either absent
from most soils or present in low numbers.
However, relatively uncommon bacterivores
such as Acrobeles, Plectus, Wilsonema,
Prismatolaimus and Teratocephalus were seen in
unexpectedly high numbers at some sites.
Similarly, relatively small numbers of
Dorylaimellus (a plant associate) were present in
most soils, but this nematode comprised a third of
the free-living nematode community at one site in
the Burdekin.

be adopted by stakeholders to drive sustainable
production in agricultural systems. Our study
reports the first steps in our attempt to develop
a molecular toolkit by which a cane farmer can
measure the impacts of changes in their farming
practice. Change for change’s sake is unwise, but
if the grower can measure the biological impacts
of different interventions, they will be equipped to
adopt better practices with confidence. Nematodes
represent a highly valuable index for soil health,
and molecular tools are essential for highthroughput assays in the face of a diminishing
pool of nematological expertise. We have shown
that it is possible to generate molecular databases

Fig. 1: Maximum-likelihood tree (500 bootstrap replications)
inferred through partial 18S rRNA sequences of individual
nematodes collected in this study (marked*: see Table 1 for
details) and reference sequences (Genbank accession numbers
are provided in parentheses). The numbers at each node represent
bootstrap confidence values expressed as a percentage.
A general time reversible model was used in MEGAX (Kumar
et al. 2018). Scale represents the number of substitutions per site.
Nematode orders are highlighted

DNA sequencing and analysis

DNA was extracted and the partial 18S rRNA gene
amplified from a total of 96 individual nematodes.
Sanger sequences using the forward primer
were obtained for 52 nematodes, with 34 failed
sequences, and the remaining sequences of plant,
fungal or other origin.
BLAST analysis revealed 20 unique taxa
present in the collection, of which 14 represent
new species, species not previously reported in
Australia, or species for which no sequencing data
for this locus are available (Table 1).

Phylogenetic analysis

The phylogenetic tree generated successfully
grouped all nematode sequences into previously
established Orders (Figure 1). Several potentially
undescribed species were identified but some wellknown nematodes, such as Meloidogyne javanica,
could not be differentiated from sequence data at
this locus.

Discussion

Advances in molecular biology and bioinformatics
are facilitating ecological investigations that were
inconceivable a decade or two ago. The challenge
is to translate these studies into packages that can
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for locally relevant nematode species upon which
sequence analysis can be articulated, and that
sequence data for the 18S rRNA gene selected for
this study is effective for differentiating nematodes
based on their trophic group.
There was generally good agreement between
morphological and molecular identifications
for individual nematode species. This is shown
by identifications of well-characterised species
such as Radopholus similis, Paratrichodorus
minor, Ibipora lolii and Aphelenchus avenae.
However, there were insufficient sequence
differences at this conserved locus to differentiate
a known Meloidogyne javanica sample from
M. incognita. There is the potential to employ a
more informative locus if it is required, but unless
species-discrimination is a specific aim, it is likely
that the 18S rRNA gene would be effective for
general population studies.
Unsurprisingly, the individual nematode
sequences revealed multiple taxa for which no
clear species matches occurred. As the 18S rRNA
is a conserved locus that has been sequenced for
many species, any differences represent likely
novel taxa, or sequences from described taxa that
have not been characterised at the molecular level.
For example, while M. javanica and M. incognita
had identical sequences for the portion of the locus
screened in this study, they are epidemiologically
distinct. Thus, even slight differences at the 18S
rRNA gene may constitute epidemiologically
significant taxa. One such sequence (H5) was
returned for an individual nematode tentatively
placed within Pratylenchus neglectus based
on morphology. This was close to 3% different
from the closest match, which was P. delattri,
so is clearly either an undescribed species, or a
previously described species for which no sequence
data are currently available. Interestingly, this
sample had a 100% match to an environmental soil
sample taken from Kenya (Wu et al. 2011), so it is
clear at least that a closely related nematode occurs
in Gatton pastures and also in Kenya. Molecular
analyses will undoubtedly uncover previously
undescribed species and solve many mysteries.
Community metabarcoding holds significant
promise for developing a better understanding
of the processes that underpin soil health. While
there are a range of specific quantitative PCR tests
available for many important nematode species,
these are limited to targeting a specific taxon. Each
new taxon tested for comes at extra cost, and there
can also be difficulties if a new nematode species
is present for which a test has not been developed.
For example, the unidentified Pratylenchus species
found in Gatton pasture would not be detected
using existing qPCR tests. If it was a major pest, a
new test would need to be developed. In contrast,
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metabarcoding facilitates a three-dimensional
view of the different taxa and their abundance in
the soil. There are significant technical hurdles to
overcome, but early results show that they are not
insurmountable.
Detailed analyses of the nematode
communities in our study indicated that most
sugarcane soils are in a degraded state from
a biological perspective. Eight plant-parasitic
nematodes were recovered from the samples,
with most soils having high numbers of these
nematodes. Populations of free-living nematodes
were relatively low, with 84% of samples having
<10 free-living nematodes /g soil. In addition, the
free-living nematode community was unbalanced,
as bacterivores were far more common than
fungivores. This indicates that the soil ecosystem
was not obtaining the full range of services
normally provided by the soil biota (e.g. nutrient
mineralisation by nematodes; soil structural
enhancement by fungi; and pest/pathogen
regulation by both nematodes and fungi).
Low numbers of omnivorous and predatory
nematodes also indicated that many soils were in
poor condition. These large nematodes occupy
high trophic levels in the soil food-chain, and
they prey on other nematodes, including plant
parasites. Their low populations suggest that 1)
these nematodes have been damaged by tillage or
affected by nitrogen or pesticide inputs; 2) the soil
is poorly structured and does not have the porosity
required for these nematodes to survive; or 3) the
resources omnivores and predators use as a food
source are insufficient to sustain their numbers.
Although the information provided above is
useful from a diagnostic and soil management
perspective, the results would be even more
useful if the ecological role of various genera and
trophic groups was better understood. Based on
the nematodes found in this study, there are many
questions to be answered, including:
•   The fine-tailed Tylenchidae and Dorylaimellus
are known as ‘plant associates’ because
they feed on root hairs and do not cause any
economic damage. As healthy root systems are
likely to have many root hairs, do high numbers
of these nematodes indicate that the root system
is in good condition?
• The presence of relatively large omnivorous
nematodes with long life cycles (Order
Dorylaimida) is an indicator of stability within
the soil ecosystem. As these nematodes are
particularly sensitive to nitrogen inputs (Tenuta
and Ferris 2004), can their numbers and
diversity be used to show that fertilisers have
been applied in ways that do not threaten the
wider environment?
• Previous research has shown that free-living
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nematodes mineralise between 1 and 6 ng
of N/nematode/day (Ferris et al. 1998; Chen
and Ferris 1999, 2000). Consequently, they
are significant contributors to the soil N pool.
However, they have been ignored by the sugar
industry in its attempts to improve nitrogen-use
efficiency. Research is required to determine
how much N is mineralised by nematodes in
typical sugarcane soils, what nematode genera
are responsible, and whether fertiliser inputs
could be reduced by using nematode community
analyses to predict future N- mineralisation rates.
• Nematodes in the Order Mononchida and
family Tripylidae prey on other nematodes.
However, we know very little about their
predation rates on plant-parasitic nematodes in
situations where other potential food sources
are available. Thus, we need to know the food
preferences of the common predatory species
in sugarcane soils and determine whether
they consume enough pest nematodes to be
considered important nematode-suppressive
agents. Also, why are they more common in
high-rainfall areas in the tropics?
The development of a nematode metabarcoding
tool that can be applied to sugarcane
production systems offers great promise for
answering questions relating to the ecology of
different nematode taxa. While it is relatively
straightforward to generate metabarcoding
data targeting nematodes, and to plug holes in
the database by manual extraction and DNA
sequencing for individual nematodes, interpreting
the data represents a significant challenge. For
example, a large, predatory mononchid will
likely yield more DNA copy-numbers than the
egg of a root-knot nematode. Our approach is to
model our sequence output on manual counting
as this represents the current industry benchmark.
If successful, the industry will have a tool by
which it can quickly and accurately identify
and enumerate different nematodes in soil and
determine the success or otherwise of interventions
on soil health.
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