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Purpose

The term sugarcane trash is widely used, but it is not always used consistently. In some contexts it refers
narrowly to dry senescent leaf material left in the field after harvest. In other contexts it refers to the broader
residue stream collected during green-cane harvesting: dry leaves, leaf sheaths, green leaves, tops, immature
stalk tissue, and sometimes soil and extraneous matter. This ambiguity is not a minor issue of terminology.
It affects estimates of biomass availability, chemical composition, moisture load, recoverable energy, transport
cost, milling performance, extraction behaviour and the energy required to process the material.

This document develops a working distinction between true botanical trash and mixed harvest residue.
The distinction is important because the biological origin of the material determines its composition. Dry
senescent leaves are not equivalent to green tops. Tops are not simply “wetter trash”. They are physiologically
active, immature tissues with different water content, soluble carbohydrate levels, nitrogen concentration, ash
composition and processing behaviour. When tops and true trash are combined into one pool, the resulting
material has a different technical and economic meaning from true trash alone.

The central argument is therefore simple:

Before evaluating sugarcane trash as a fuel, feedstock, residue-management problem or biorefinery
input, the material must first be defined botanically and operationally.

The problem: one word, several materials

In the sugarcane literature, the terms trash, straw, crop residue, tops and leaves, and extraneous matter are
often used interchangeably. This is understandable from a field-management perspective, because all of these
materials may be present after harvest. However, from a processing and compositional perspective they are
not equivalent.

A common industrial or harvesting definition treats sugarcane trash or straw as a mixture of dry leaves and
green tops. Reviews and energy studies often describe sugarcane straw as a residue pool consisting of leaves
and tops, and some summaries express the mixture as approximately 60% dry leaves and 40% green tops
(Franco et al. 2013; Smithers 2014). Other descriptions of harvested cane separate stalks, tops, fresh leaves
and dry leaves, but may still refer to the non-stalk fraction collectively as trash. This creates a definitional
problem: the same word can describe either a botanical tissue class or a mechanically collected residue stream.

For many agronomic questions, this broad usage is acceptable. For example, if the objective is to estimate
ground cover, soil protection, residue return, or total biomass left after green harvest, a broad residue
definition may be adequate. For energy and biorefinery questions, however, it becomes problematic. The
moisture content, ash load, soluble sugar concentration, nitrogen content and particle behaviour of the
collected material depend strongly on the proportion of green tops and immature tissues in the pool.

A practical classification

For clarity, this document uses the following working terms.

Term Botanical or operational meaning  Expected technical behaviour

True trash Dead, senescent sugarcane leaves  Relatively dry, lignocellulosic,
and associated dry leaf sheaths. lower nitrogen, lower soluble

protein, usually lower free water.

Tops Green shoot tops, immature High water content, metabolically
leaves, spindle tissue, growing active or recently active, higher
point and immature upper nitrogen and soluble components,
internode material removed at more variable sugar content.
topping.



Term

Botanical or operational meaning

Expected technical behaviour

Mixed harvest residue

Extraneous matter

Operational pool containing true
trash, green leaves, tops,
immature stalk pieces, field soil
and other extraneous matter.
Non-target material entering the
cane or residue stream, including
leaves, tops, soil, stones and

Composition depends on
harvester setting, topping height,
crop condition, lodging, variety
and collection method.
Important for milling, impurity
load, wear, ash, transport and
processing penalties.

weeds.

This classification separates a botanical definition from a collection-system definition. That separation
should be maintained throughout any analysis of sugarcane trash quality.

The true botanical meaning of trash

Botanically, true sugarcane trash should be interpreted as the dead or senescent leaf material produced as
the cane canopy ages. This includes leaf blades and leaf sheaths that have completed their functional life,
have lost most photosynthetic capacity, and have become detached or loosely attached to the stalk. True
trash is therefore not simply “any above-ground material that is not millable cane”. It is a specific senescent
leaf-derived fraction.

This distinction matters because senescence is an active biological process. Leaves do not simply die as chem-
ically unchanged green tissue. During senescence, mobile nutrients are remobilised, proteins are degraded,
chlorophyll declines, membranes deteriorate, and the tissue progressively loses metabolic function. Water
content declines and the relative concentration of structural cell-wall material increases. The final material
is therefore enriched in cell-wall polymers relative to fresh green leaf tissue.

In this narrow botanical sense, sugarcane trash is best regarded as a senescent leaf residue, not as a mixed
biomass stream. It originates from the canopy and leaf sheaths rather than from the storage stalk. It has a
different physiological history from the culm, and also from the green top.

Composition of true trash

True trash is normally described as a lignocellulosic material. Reported values vary with cultivar, environment,
age, sampling method, residue age, storage conditions and analytical approach, but sugarcane straw/trash
is commonly reported to contain substantial cellulose, hemicellulose and lignin fractions (Franco et al. 2013;
Nakashima et al. 2017). Reviews often cite approximate ranges of 30-40% cellulose, 18-33% hemicellulose
and 17-31% lignin for sugarcane straw or trash, although these values often apply to mixed residue pools
rather than to botanically pure dead leaves.

Structural fraction

The dominant fraction of true trash is expected to be structural carbohydrate and lignin. This includes
cellulose, hemicellulose, lignin and associated wall-bound phenolics and minerals. These structural compo-
nents determine the value of trash as a combustion fuel, lignocellulosic feedstock, mulch, soil-carbon input
or low-quality forage.

The key point is that the dry-matter basis matters. True trash may appear bulky and low-density in the
field, but its technical value is determined by dry matter, not wet mass. A tonne of dry trash and a tonne of
wet mixed residue are not comparable units.



Ash and mineral fraction

Trash also contains ash-forming minerals. Some are intrinsic to the plant tissue, while others are introduced
as soil, sand and mineral contamination during harvesting, raking, baling, loading or transport. This mineral
fraction has several consequences. It dilutes combustible organic matter, increases ash handling requirements,
may affect slagging or fouling behaviour in thermal systems, and can increase abrasive wear in handling and
milling equipment. Nakashima and co-workers emphasised that mineral impurities can constrain the use of
sugarcane trash as a solid fuel (Nakashima et al. 2017).

Soluble carbohydrate fraction

Although sugarcane trash is usually treated as a carbon-rich, nitrogen-poor lignocellulosic residue, the soluble
carbohydrate fraction should not be assumed to be zero. Your own observations indicate that sucrose and
total soluble sugars can be significant, especially in tissues where sink demand has been reduced. This is
physiologically plausible.

In a normally functioning cane crop, mature leaves export recently fixed carbon, largely as sucrose, to strong
sinks: elongating internodes, developing stalk storage tissue, roots and the shoot apex. During senescence,
mobile nutrients are also remobilised. However, if sink demand is reduced, the export capacity of leaves may
exceed the demand from receiving tissues. This may occur through reduced growth, restricted internode
elongation, lodging, drought recovery, low temperature, disease, topping effects or maturation-related decline
in sink activity. Under these conditions, sucrose and other soluble sugars may accumulate in leaf tissue and
may remain detectable in material that later becomes dry trash.

This means that the composition of dry trash is not only a function of leaf death. It may also carry a
physiological signal of the source-sink balance before and during senescence. A senescing leaf attached to
a plant with strong active sinks may be relatively depleted of soluble carbohydrate by the time it dies. A
senescing leaf on a plant with weak sink demand may retain substantially more sucrose, glucose, fructose or
other soluble carbohydrate.

The residual soluble fraction in true trash is therefore not necessarily analytical noise. It may reflect incom-
plete carbon export or reduced sink utilisation before leaf death. This provides an important conceptual
bridge between trash chemistry and broader questions of sugarcane sink strength, carbon partitioning and
biomass use.

Water content of true trash

True trash is expected to have substantially lower water content than green tops because it consists mainly of
dead or senesced leaf material. However, moisture content is not fixed. It changes with weather, time since
leaf death, field drying, rainfall, dew, soil contact, collection system, storage time and compaction. Published
studies report a wide range of moisture contents for sugarcane residue materials, partly because the term
trash may refer to different mixtures. For example, some energy studies report trash moisture values around
20%, while broader leaves-and-tops residue estimates may assume approximately 50% moisture (Solangi et
al. 2018; Pierossi et al. 2016).

For processing design, the important point is not the exact universal value, because there is none. The
important point is to avoid treating a mixed residue stream as if it had the water content of dry true trash.
Even modest inclusion of green tops can substantially increase the wet-basis moisture content of the collected
material.

What changes when tops and true trash are combined?

Combining tops with true trash changes the residue pool in five major ways.



1. Moisture increases

Tops contain living or recently living tissues. They include green leaves, spindle tissue, immature stalk and
meristematic regions. These tissues have much higher water content than dead trash. Therefore, including
tops increases the wet mass that must be transported, chopped, shredded, extracted, dried or combusted.

This is the most immediate processing penalty. Water adds mass but no combustible energy. It also absorbs
heat during processing and reduces effective net energy yield if drying or combustion is required.

2. Soluble components increase

Green tops and immature tissues may contain soluble sugars, organic acids, proteins, amino acids, minerals
and other extractives. This can be advantageous if the processing goal is recovery of soluble fermentable
material. However, it can also complicate storage, increase microbial instability and change the interpretation
of “trash” composition.

If a mixed residue sample shows appreciable sucrose or total sugar, the result may arise from two different
causes:

1. contamination or deliberate inclusion of green tops and immature tissues; or
2. genuine residual sugars in senescent trash caused by reduced sink demand before senescence.

These two interpretations have different physiological and processing meanings and should not be confused.

3. Nitrogen and ash generally increase

Green tissues usually contain more nitrogen and metabolically active minerals than dead senescent leaves.
Tops may therefore increase the nutrient value of the residue if returned to soil, but may reduce its attrac-
tiveness as a clean combustion fuel. Higher mineral and ash contents can affect fouling, slagging, boiler
operation, thermal conversion and ash disposal.

4. Fibre quality changes

True trash is dominated by mature leaf cell walls. Tops include immature tissue with a different cell-wall
composition, different particle behaviour and potentially higher digestibility or extractability. Therefore, the
combined pool is not just a weighted average of dry material and water. It may behave differently under
shredding, diffusion, pressing, ensiling, anaerobic digestion, combustion, torrefaction or pretreatment.

5. The material becomes more biologically unstable

Dry trash is relatively stable if kept dry. A mixed pool containing wet tops and soluble sugars is more prone
to microbial activity, heating, fermentation, odour and dry-matter loss during storage. This is important if
the residue is to be stored before processing or transported over long distances.

Processing-energy implications

The largest immediate energy penalty of combining tops with true trash is the extra water. Water affects
processing in at least four ways:

1. Tt increases transport mass.

2. It increases the energy needed for size reduction and handling.

3. It reduces the effective heating value of the wet biomass.

4. Tt imposes a drying or evaporation load if the process requires low-moisture feedstock.



A simple water-load calculation

For a given amount of dry matter, wet mass is determined by moisture content:

Dry matter

Wet =
et mass T

where M is the wet-basis moisture fraction.

The water mass is:

Water mass = Wet mass — Dry matter

Using 1 tonne of dry matter as the basis:

Material Wet mass per tonne dry Water per tonne dry
assumption Wet-basis moisture matter matter
Dry true trash 15% 1.18 ¢ 0.18 t
Moderately moist 25% 1.33 ¢ 0.33 ¢
true trash

Mixed trash + tops 40% 1.67 t 0.67 t
Wet tops-rich 50% 2.00 t 1.00 t
residue

Very wet tops-rich 60% 2.50 t 1.50 t
residue

This table shows why terminology matters. Calling all these materials “trash” hides a large difference in
water load. At 15% moisture, 1 tonne of dry matter carries about 0.18 tonnes of water. At 50% moisture, the
same dry matter carries 1 tonne of water. That extra water must be moved and, in many processes, heated
or evaporated.

Minimum heat penalty of extra water

The latent heat of evaporation of water is approximately 2.26 MJ kg™! at 100 °C, and approximately 2.45 MJ
kg™l near room temperature when expressed for lower-heating-value calculations (Engineering ToolBox 2024).
Actual industrial drying energy is usually higher because of sensible heat, exhaust losses, dryer inefficiency
and incomplete heat recovery.

As a simple illustration, compare dry true trash at 15% moisture with a mixed tops-rich residue at 50%
moisture, using 1 tonne dry matter as the basis.

e True trash at 15% moisture: 0.18 t water per tonne dry matter.
e Mixed residue at 50% moisture: 1.00 t water per tonne dry matter.
o Extra water: 0.82 t water per tonne dry matter.

The theoretical latent heat associated with this extra water is approximately:

0.82 x 1000 x 2.26 = 1853 MJ

or about 1.85 GJ per tonne of dry matter before accounting for real dryer inefficiency. If a practical
dryer requires 3—-6 MJ per kg of water evaporated, the effective thermal burden of the extra water could be
approximately 2.5—4.9 GJ per tonne of dry matter.

This is why mixing tops into a true trash stream may fundamentally change the economics of energy recovery.
The tops may add fermentable sugars or useful biomass, but they also add water, nitrogen, ash, microbial
instability and processing complexity.



Combustion and boiler use

For direct combustion, moisture reduces the net useful energy available from the biomass. Heat is consumed
to warm and evaporate water rather than to produce useful steam. This is analogous to the well-known
effect of moisture on bagasse fuel value: wet biomass can burn, but its effective net calorific value is strongly
moisture-dependent.

Dry true trash may therefore be a more attractive solid fuel than a wet mixed tops-and-trash stream, provided
that ash and soil contamination are controlled. However, collecting only the driest fraction may reduce total
recoverable biomass and may conflict with agronomic residue-retention goals.

Extraction, diffusion or fermentation routes

If the process is designed to extract soluble sugars before using the residual fibre, the inclusion of tops may
be more attractive. Green tops and immature tissues may contribute recoverable soluble material. However,
this benefit should be evaluated explicitly rather than hidden inside a broad trash definition.

For an extraction or diffusion process, the relevant question is not simply “how much trash is available?” but:

Recoverable fermentable sugar = wet biomass x recoverable soluble sugar concentration

and:

Water penalty = water carried in feedstock + process water required — water recovered or reused

A tops-rich residue may carry more soluble sugar, but it also carries more water. Whether this is beneficial
depends on the processing objective: combustion, anaerobic digestion, fermentation, pelletising, gasification,
soil return or integrated biorefinery use.

Physiological interpretation of sugar in trash

The starting observation for this document is important: your own data indicate significant sucrose and sugar
levels, especially in tissues where sink demand is reduced. This should be retained as a core interpretive point.

Sugar in trash can have at least three origins:

1. True physiological residue: soluble sugars remained in senescing leaves because export exceeded
sink demand.

2. Tissue mixing: green tops, immature leaves or young stalk pieces were included in the sample.

3. Post-harvest changes: microbial, enzymatic or drying effects changed the soluble sugar pool after
sampling.

The first mechanism is particularly interesting because it links trash quality to crop physiology. It suggests
that sugarcane trash may retain a signal of recent source—sink balance. High residual sugar in true trash
may indicate that photosynthetic supply exceeded sink utilisation before senescence. This would align with a
broader framework in which sink strength, carbon partitioning, oxygen limitation and tissue energy economy
influence biomass accumulation.

This interpretation should be tested carefully. It requires clean botanical separation of dead leaf trash, green
leaves, tops and immature stalk tissue before analysis. Without such separation, sugar content cannot be
confidently assigned to source—sink physiology.

Recommended analytical framework

To make future analyses interpretable, residue samples should be separated into botanical fractions before
compositional analysis.



Minimum sample classes

Dead leaf blade

Dead leaf sheath

Green leaf blade

Green leaf sheath

Top/spindle tissue

Immature upper stalk

7. Soil and mineral contamination, where measurable

ST W=

If resources are limited, the minimum practical separation should be:

1. true dry trash;
2. green tops;
3. mixed field-collected residue.

Measurements needed

For each fraction, the following measurements would support both physiological interpretation and process
modelling:

Measurement Purpose

Fresh mass Transport and processing mass.

Dry mass True biomass basis.

Moisture content Drying load and net energy value.

Sucrose, glucose, fructose and total soluble sugars Fermentable fraction and source—sink signal.

Starch, if present Reserve carbohydrate fraction.

Cellulose, hemicellulose and lignin Structural feedstock value.

Ash and mineral impurities Combustion, wear and fouling risk.

Nitrogen Nutrient return, combustion emissions and
biological stability.

Particle-size behaviour after shredding Handling, extraction and drying behaviour.

Implications for modelling

A residue model should avoid using a single parameter called “trash composition” unless the material defini-
tion is explicit. A better structure would represent residue biomass as a weighted mixture:

R,iw = frRy + feRe + fpRp + fsRs

where:

o Ry = true trash;

o R, = green leaves;

e Rp = tops and immature shoot material;

e Rg = soil or extraneous mineral contamination;
o f = fraction of total residue mass or dry matter.

Each component should have its own moisture, ash, soluble sugar, fibre and nitrogen values. The mixed
stream should then be calculated from the component fractions. This avoids the common error of assigning
one fixed composition to “trash”.



Conclusions

Sugarcane trash is not a single, self-defining material. In its true botanical sense, trash refers to dead,
senescent leaf-derived material. In many operational and industrial contexts, however, trash or straw refers
to a mixed harvest residue stream that includes dry leaves, green leaves, tops, immature tissues and mineral
contamination. This definitional ambiguity has major consequences.

True trash is generally a relatively dry, lignocellulosic, leaf-derived residue. It may nevertheless contain
measurable soluble sugars, particularly where sink demand was reduced before senescence. This makes sugar
content in true trash physiologically meaningful, not merely a contaminant or analytical artefact.

When tops are combined with true trash, the resulting material changes substantially. Moisture, soluble com-
ponents, nitrogen, ash, microbial instability and processing mass all increase. The energy cost of processing
can rise sharply because additional water must be transported, heated, evaporated or otherwise managed. A
tops-rich residue stream may still be valuable, especially for extraction or fermentation, but it should not be
treated as equivalent to dry true trash.

For future work, the central requirement is botanical separation before compositional analysis. Only then
can sugarcane trash be interpreted correctly as a residue, fuel, feedstock, physiological signal or component
of a broader biomass-processing system.

References

Engineering ToolBox. 2024. Water Thermal Properties: Density, Heat Capacity and Latent Heat of Evapo-
ration. https://www.engineeringtoolbox.com/water-thermal-properties--d_ 162.html.

Franco, Henrique Coutinho Junqueira, Maria Teresa Borges Pimenta, Joao Luis Nunes Carvalho, et al. 2013.
“Assessment of Sugarcane Trash for Agronomic and Energy Purposes in Brazil” Scientia Agricola 70 (5):
305-12. https://doi.org/10.1590/S0103-90162013000500004.

Nakashima, Gabriela Tami, Isabel Cristina Siqueira Adhmann, Ana Laura Santiago Hansted, Ugo Leandro
Belini, Walter Ruggeri Waldman, and Fabio Minoru Yamaji. 2017. “Sugarcane Trash for Energy Purposes:
Storage Time and Particle Size Can Improve the Quality of Biomass for Fuel?” Industrial Crops and
Products 108: 641-48. https://doi.org/10.1016/j.indcrop.2017.07.017.

Pierossi, Marcelo A., Herbert W. Bernhardt, and Thomas Funke. 2016. “Sugarcane Leaves and Tops: Their
Current Use for Energy and Hurdles to Be Overcome, Particularly in South Africa, for Greater Utilisation.”
Proceedings of the South African Sugar Technologists’ Association 89: 350-60.

Smithers, Jeff. 2014. “Review of Sugarcane Trash Recovery Systems for Energy Cogeneration in South Africa.”
Renewable and Sustainable Energy Reviews 32: 915-25. https://doi.org/10.1016/j.rser.2014.01.042.

Solangi, Shah Hassan et al. 2018. “Investigation of Quantity, Quality and Energy Content of Indigenous
Sugarcane Trash.” Engineering, Technology & Applied Science Research 8 (6): 3569-74.


https://www.engineeringtoolbox.com/water-thermal-properties--d_162.html
https://doi.org/10.1590/S0103-90162013000500004
https://doi.org/10.1016/j.indcrop.2017.07.017
https://doi.org/10.1016/j.rser.2014.01.042

	Purpose
	The problem: one word, several materials
	A practical classification

	The true botanical meaning of trash
	Composition of true trash
	Structural fraction
	Ash and mineral fraction
	Soluble carbohydrate fraction
	Water content of true trash

	What changes when tops and true trash are combined?
	1. Moisture increases
	2. Soluble components increase
	3. Nitrogen and ash generally increase
	4. Fibre quality changes
	5. The material becomes more biologically unstable

	Processing-energy implications
	A simple water-load calculation
	Minimum heat penalty of extra water
	Combustion and boiler use
	Extraction, diffusion or fermentation routes

	Physiological interpretation of sugar in trash
	Recommended analytical framework
	Minimum sample classes
	Measurements needed

	Implications for modelling
	Conclusions
	References

