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al.,2024; Poolsawad et al., 2024).Now quantifiable (Poolsawad et al., 2024), circularity with
an embedded lexicon for zero waste, thus signifies resource efficiency. As the circular economy
gains a foothold as the prioritised area for research and industrial practices, the 'extract-
produce-dispose'(Puerto et al., 2024) counterpart, known as the linear system, is gradually
being transformed by the management of side products in a more profitable way.Such a process
emerges with extreme complexity and can tax a high environmental and economic risks,
prompting social(Velenturf & Jensen, 2016), geographic(Chrysikopoulos et al., 2024), and
scientific practicality, such as that associated with waste rerouting(Aui, Wang & Wba-Wright,
2021;Halis, Ghazali& Zakaria, 2024), as assessment criteria in circular counterpart.

Biomass-based product innovation resonates with the move to prevent the depletion of fossil-
based resources for green transition and ultimately, planetary sustainability. Where EMR is
concerned, Indonesia has ingeniously maximized the oil palm trunk for consumer sugar
production(Siswati, Insusanty and Susi, 2018;Kurniawan et al., 2018) despite the established
sugar as a derived feedstock for the bioenergy (Dirkes, Neubauer  & Rabenhorst,2021; Yamada
et al , 2010; Kuniawan et al, 2018) sector. Despite its abundance only at the time of felling, or
once every 20 years during its lifespan(Kurniawan et al.,2018), sugar from Elaeis guineensis
is one of the promising complementary sugars for Indonesia to achieve self-sufficiency in sugar
by 2023 (ISO, 2023).The step ingeniously resolves the sweet commodity management issue
by sustainably rerouting consumer demand, filling the demand-and-supply gap for sugar, while
sealing the circularity loop for oil palm trunk soft polymer management.

Consisting less of consumable sugars,the oil palm empty fruit bunches (EFB) are capitalised
for their fibrous structure.While numerous researchers have successfully produced paper using
various methods with EFB, commercialising the process has proven challenging, and pulps
such as APMP are unrecyclable. Despite the compatibility of wood-based paper recycling with
the older notion of recycling as a strategic step towards sustainability,paper recycling has been
shown to be incompatible with the circular materials balance in global sustainable production
and consumption (Van Ewijk, Stegemann & Ekins, 2017). Paper recycling accounts for 1.3%
of global greenhouse emissions(Ewijk, Stegemann & Ekins, 2021), thus, a staggering
contributor to the 2°C warming. Such an effect should be avoided, given the already concerning
uncontrolled warming(Adetunji,2025), which is projected to repeat the disaster that occurred
millions of years ago.
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One of the commodities in Elaeis' EMR is the functional cells from the unrecyclable alkaline 

peroxide paper fibres. Soft cells containing nano fibrils embedded in xylan and dearomatised 

lignin can be cascaded by deminuting the fibres obtained after a rapid perhydroxyl reaction 

with EFB(Ghazali et al., 2024). Registered as TRX -cell, the cells possessing nanoscale 

dimensions in the y-axis were delaminated by the decoupling effect of alkaline peroxide-
triggered perhydroxyl radicals on the lignified oil palm empty fruit bunch vascular bundles 

(Ghazali et al., 2024). As a paper coat,the cells improved inkjet printability by nearly 2-fold 

due to the surface's precise affinity to the programmed printing pattern(Ghazali et al., 2021a).
In functionalising food grains,not only do TRX-cells allow the chromophilic uniformity of 

delphinidin coat, but also an extended shelf life for the cured grains (Ghazali et al 2021b).
TRX-cells-soft mineral compatibility is here scrutinised to possibly actualize the downstream 

construction-and-food industrial symbiosis via TRX-modified gypsum waste.
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