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Abstract. ralm ail is a strutegic commodity for Indonesia. accounting far
approsimately 42% of the global supply. The increase ia pakm ail produstioa
has led to  growiag volume of wasse, particulaly palm il boies ash, which
conzains bicgenic silica with potential economic value. This study aims to
develop 2 Soft System Methodolagy (SSM)-bused model foc optimizing the
peoduction of biogeaic silica pawder from pakm il boiler ash & aa
adsorbeat w0 improve food packaging quality. The research applied Soft
Syssems Methodology. supported by Rich Picsures, laput-Process-Output
(1K) modeling, and the C. A]“Ub framework. A couceptaal model

biogeaic silica and food safety was,
developed. The results show that SSM effectively describes the camplexity
of biogenic silica usilizaton systems. Rich Picture llustrates relationships
among waste sourves, production processes, quality testing, risk assessment.
and enviroamental impacts. The 1O model clarifies the trassformation of
fmputs into value-added adsorbens products. The conceptual food safety
madel includes biogenie silica characteristics (porosity, moisture content,
and Sik conteat) and food safety paramesers {microbiological, bacterial,
and shelfdife testing). In conclusson. the proposed model supports
systematic impeovenseat through process stasdardization and raw maserial
quality control. contributing o sustainable waste wtilization and enhanced

food packuging quality
o 2uthor: ac.id|
ntroduction T

According to dam from the Palm Oil Plantation Fund Management Agency (BPDPKS),

A Conceptual framework for the protection of using biogenic silica as 2n adsorbent in food
packaging iz shown in Figure 7.
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Figure 7. Conceptuzl Efood Ssaf

umod.elofkbm,genx Ssilica as an Aadsorbent in

Sonc RaIhon that the safety of using biogenic
alica 23 an ent m food pi lscmummedbymwmmcomponmm
«characteristics of biogenic silica and food safety consideration:. The attributes of biogenic
silica include porosity, moisture content, and $:0.. content These parameter: are essential
for the effectivenes: of biogenic :ilica in (molhng the intemmal condition: of food
packazing. Food safety aspect: are evaluated through 2 series of tests, including bacterial,
microbiological. and life shield tests. These tests aim to ensure that the uze of biogenic silica
does not pose 2 rizk of microbial contamination

The conceptual models are compared against the real-world situation. Comparing the model
with the real problem to find gaps and potential intervention:. Comparison of the conceptual
mode] and the real situation is shown in Table 6. .

Table 6. Comparizon of the conceptual model and the real situation
Conceptual Model (Ideal = i
‘Condifi Real-World Condition
FM "f? s uwmd n:::? Smdigs and ptam'gs _oﬁen sepanate
biozenic zilica and comprehensive w Soo e
food safety testing.
Adsorption performance is Adsorption capacity varies between
measurable, stable, and reproducible | production batches
m:nomm::l:d;mm peimied £or ‘Porosity is not precisely controlled.
Moizsture content fuctuate: due to
Low and controlled moisture content | insufficient control over the drying
proces:
Si0;- content depends on the
High and consistent 3i0,, content compozition of palm boiler ash.

Adminstrators
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mtroduction.
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Conceptual Model (Tdeal Real-World Condition
Condition)

Comprehenzive food safety Food safety testing is often partal or
evaluation before application lmited.
Systematic testing for major Bacterial tests are not routmely
pathogenic bacteria conducted.

ey : Microbial testing is conductad
Complete microbiological analysis selectively (TPC and Saimonelia)
Shelf-life teating vamz active Shelf-life evaluation remain:
packazing systems conventional

A list of chamges that are systemically feasible, socially relevant, and acceptzble to
stakeholders is: raw material and proces: control, structural vanability of pores, moisture
management, and utilization of adsorbent functionality.

IR [ s e e e E P e R P

Action steps are formulated based on msights gained, enabling iterative improvements to the
system, such 23 process :tandardization and raw material quality control.

This stady applied the Soft Systems Methodology (SSM) to analyze and desizn a sy:tem for
utilizing palm oil boiler ash waste as a raw matenal for biogenic silica, an adsorbent for
sustainable food packasimg. Through the Rich Picture approach, the Input-Process—QOutput
(IPO) model, and CATWOE analy:i:, 2 comprehensive understanding of the system wa:

| obtained, integrating technical, social, economic, and environmental aspects. -The analy:ai:
results show that Rich Picture can identify process flows from the source of waste to
environmentally friendly food packaging products, as well 23 the relationship: betwesn
2ctors and staksholders. The IPO model emphasizes the importance of integrating biogenic
silica extraction processe: and product characteristic testing. A CATWOE analysis helps
clarify the role of each system component and the environmental and regulatory constraints
that must be considered in actual implementation. A conceptual model support: systematic
improvement through process standardization and raw material quality contrel, contributing
10 sustainable waste utilization and enkanced food packasine aualitv.

sustamable tood packagmz. Through the Kich Picture approach, the Input-Froce:s-Uutput
(IPO) model, and CATWOE analy:i:, a comprehensive understanding of the system was
obtained, integrating technical, social, economic, and environmental aspects. -The analysis
results show that Rich Picture can identify proces: flows from the source of waste to
environmentally friendly food packaging products, as well as the relationship: betwesn
actors and stakeholders. The IPO modsl emphasizes the importance of integrating brogenic
silica extraction processe: and product characteristic testing. A CATWOE analysis helps
clarify the role of each system component and the environmental and regulatory constramts
that must be considered in actual implementation. A conceptual model support: systematic
improvement through process standardization and raw material quality control, contributing
10 sustainable waste utilization and enhanced food packaging quality.
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model
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words)
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section.

Results and discussions The results and discussion tend to be like a | [have added data from FGD about the
Literature review, not presenting the results and then | biogenic silica characteristics
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with the vesults of other studies and offerms
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