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Abstract  

Introduction/Main Objectives: This paper examines the circular‐economy potential of converting spent 

oyster‐mushroom baglogs into value‐added products through vermiculture at a small‐scale farm in 

Cikarang, Indonesia. Rapid growth in oyster‐mushroom production has generated large volumes of 

lignocellulosic waste, creating disposal challenges and lost revenue opportunities. Background Problems: 

The linear “produce‐use‐discard” model at X Agrofarm yields approximately 0.2 tonnes of spent mushroom 

substrate (SMS) per month, with no established pathway for economic valorisation or waste‐reduction, 

raising the research question: “Can a right‐sized vermiculture module turn SMS waste into a profitable, 

circular revenue stream?” Novelty: To date, no study has combined real‐world SMS volumes from an 

Indonesian mushroom micro‐enterprise with literature‐derived techno‐economic benchmarks to assess 

vermiculture’s business viability at micro scale. This paper bridges that gap by integrating primary farm 

data with a systematic review of twelve relevant studies. Research Methods: Employing a quantitative, 

descriptive‐analytical design, we collected baseline SMS volumes, local price and cost data from the farm’s 

2024–2025 logbooks, and conducted a PRISMA‐guided literature review (2013–2025) to extract median 

yields, costs, and prices. Cost–revenue models, scenario testing (conservative, baseline, optimistic), and 

sensitivity analyses (±20 % labour cost, ±15 % worm‐meal price) were implemented in a structured 

spreadsheet to calculate gross margin, pay‐back period, and one‐year NPV at an 8 % discount 

rate.Finding/Results: At 0.2 t SMS/month and a capital outlay of IDR 3.2 million, the vermiculture unit 

yields a monthly gross margin of IDR 328 000, repays investment in ≈9.8 months, and delivers a one‐year 

NPV of ≈IDR 2.9 million. Benchmarking to a 1 t scale compresses pay‐back to 3.7 months and raises NPV 

to IDR 12.7 million. Conservative and optimistic scenarios confirm resilience to input fluctuations. 

Conclusion Micro-scale vermiculture of SMS is both financially viable and environmentally sound. It 

provides a simple, scalable blueprint for Indonesia’s mushroom SMEs to turn their baglog waste into profit 

while supporting the country’s circular-economy and low-carbon objectives.. 

Keywords: circular economy, vermiculture, spent mushroom substrate, techno‐economic analysis, small‐

scale agribusiness 
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1. Introduction 

A 2024 PAGE study indicates that Indonesia produces roughly 115-184 kilograms of food 

waste per person each year, leading to resource inefficiency and higher greenhouse-gas 

emissions. Luna and Suryana (2023) warn that, if no corrective measures are taken, 

Indonesia’s food loss and waste could rise to about 344 kilograms per person each year 

by 2045. These numbers highlight the urgency for Indonesia’s agri-food industry to shift 

away from its current linear “produce-use-discard” approach.  

Within that broader context, fresh horticultural commodities especially specialty items 

such as oyster mushrooms (Pleurotus spp.) contribute disproportionately to national food 

loss and waste totals because they are highly perishable and typically marketed fresh. 

Oyster mushroom is one of the agri-food products with a high demand and consumption 

Domestic demand for oyster mushrooms has surged in recent years, driving up the use of 

single-cycle growing media known as baglogs. In Purwakarta alone, market observers 

report a shortfall of up to 30,000 baglogs as producers race to meet consumer appetite 

(Pramono, 2022). Each tonne of mushrooms harvested leaves behind two distinct waste 

streams: (i) unsold or spoiled fruit bodies discarded within days and (ii) spent mushroom 

substrate (SMS) generated after each cropping cycle (Fidianton, 2024). Without systemic 

change, the dual challenge of spoilage and spent cultivation media will continue to erode 

producer margins and intensify environmental pressures. 

The circular-economy framework offers practical solutions by eliminating waste, 

circulating materials at their highest value, and regenerating natural systems (Grimm and 

Wösten, 2018). In the mushroom sector, Circular economy can translate into technologies 

that extend the edible life of fruit bodies, divert organic matter from landfill, and upcycle 

SMS into new marketable products such as fertiliser, animal feed, or biomaterials (Silva 

et al., 2024). International case studies show that such strategies can cut cradle-to-farm-

gate GHG emissions by up to 30% while adding supplementary revenue streams that 

improve enterprise resilience (Dorr et al., 2021). 

Against this backdrop, X Agrofarm Cikarang a small oyster-mushroom enterprise on the 

outskirts of Cikarang has begun implementing two circular economy loops. First, it 

converts day-old, unsold mushrooms into crispy snack products (jamur krispi), thereby 

stabilising shelf life and capturing additional value. Second, it plans to repurpose spent 

baglogs as a feedstock for vermiculture, producing protein-rich worm meal for livestock 

and nutrient-dense vermicompost for local crops. These interventions aim not only to 

reduce waste but also to diversify income and offset input costs, providing a tangible test 

case for circular economy adoption in Indonesia’s micro-agrifood sector. 

This study will couple X Agrofarm Cikarang’s baseline data (baglog volume, labour rates, 

local input and output prices) with a targeted literature review on baglog-based 

vermiculture enterprises. The primary dataset supplies the context-specific cost and 

supply figures, while the review contributes benchmark conversion yields, market prices 

for dried worm meal and vermicompost, and profitability ratios reported in comparable 

SMEs. By triangulating X Agrofarm Cikarang’s numbers with these published 

benchmarks, the analysis will generate a realistic projection of start-up costs, gross 

margins, pay-back period, and minimum viable scale for a worm-feed business that relies 

on spent baglogs. 
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2. Literature review  

2.1 Circular Economy 

The circular economy (CE) departs from the linear take-make-waste model by following 

three design-led principles: eliminate waste and pollution, circulate products and 

materials at their highest value, and regenerate natural systems. These principles, first 

formalised by the Ellen MacArthur Foundation (2019), frame a restorative economic 

system that can grow while staying within planetary boundaries. 

To operationalise those principles, scholars commonly use the 9R hierarchy (Refuse, 

Rethink, Reduce, Re-use, Repair, Refurbish, Remanufacture, Repurpose, Recycle) which 

prioritises strategies that keep resources in the economy for as long as possible. Recent 

work has proposed quantitative tools such as the 9R Circularity Index and the Material 

Circularity Indicator to assess how far products or supply chains have moved up this 

hierarchy (Muñoz et al.,  2024). 

Indonesia has begun to embed CE thinking in national planning. The government’s Vision 

2045 and its draft Circular Economy Roadmap 2025-2045 position resource recirculation 

and waste reduction as pillars of low-carbon development, with special emphasis on food-

system transformation and SME participation (Bappenas, 2021). 

In agri-food contexts, circular economy concepts translate into turning organic “wastes” 

into secondary resources. The mushroom industry is a textbook example: oyster‐

mushroom cultivation already converts low-grade lignocellulosic residues into high-value 

food, and its spent mushroom substrate (SMS) can be up-cycled into compost, animal 

feed, biomaterials, or bio-energy closing additional loops (Grimm  and Wösten, 2018) 

Understanding these pathways and their economic returns is therefore central to 

evaluating the circular potential of small enterprises such as X Agrofarm Cikarang. 

 

2.2 Oyster-Mushroom Production and Baglog Waste 

Oyster mushrooms (Pleurotu spp.) are Indonesia’s most widely cultivated edible fungi, 

with production reaching ≈ 537,876 t in 2023 far surpassing other mushroom types 

(Augustina et al., 2025). Smallholders typically employ the baglog method: polyethylene 

cylinders (≈1 kg each) packed with a 70 : 20 : 10 blend of sawdust, rice or wheat bran, 

and water that is sterilised, inoculated, incubated, and fruited in three to four flushes 

(Augustina et al., 2025).Under favourable conditions, biological efficiency ranges from 

80 % to >200 % (0.8–2 kg fresh mushrooms kg⁻¹ dry substrate), depending on substrate 

formulation (Gebru and Faye, 2024).s 

After the final flush the substrate is exhausted, becoming spent mushroom substrate 

(SMS). Laboratory and field observations indicate that every kilogram of fresh oyster 

mushroom generates roughly 5 kg of SMS—a lignocellulosic residue still rich in cellulose 

(33–41 %), hemicellulose (19–23 %), and lignin (19–26 %). Nationally, this implies more 

than 2.5 million t of baglog waste each year, most of which is burned, buried, or land-

filled, emitting methane or particulates and risking pathogen carry-over to the next crop 

(Augustina et al., 2025). 
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Besides SMS, producers face post-harvest losses: unsold fruit bodies lose marketability 

within 48 h at ambient temperatures, contributing to Indonesia’s broader food-waste 

problem. While chilled logistics and drying can mitigate these losses, micro-enterprise 

operators often lack capital-intensive infrastructure. Consequently, the dual waste streams 

(high-moisture fruit bodies and lignocellulosic baglogs) represent both an environmental 

liability and an untapped input for circular business models. 

Recent studies underscore the valorisation potential of SMS. Chemical analyses show ash 

contents (14–29 %), low moisture (~7 %), and bulk densities (>1.5 g cm⁻³), characteristics 

suitable for secondary processing into compost, bio-pellets, or worm-rearing substrate 

(Augustina et al., 2025). Pilot trials converting baglogs to vermicompost report nutrient 

contents comparable to commercial organic fertilisers and worm-meal proteins of 55–60 

% (dry basis) (Hadiawati et al., 2025) These findings suggest that redirecting baglog 

waste into vermiculture could simultaneously solve disposal challenges and create an 

additional revenue stream an opportunity this case study explores for X Agrofarm 

Cikarang. 

 

2.3 Vermiculture as a Valorisation Pathway 

Vermiculture, raising surface-dwelling earthworms such as Eisenia fetida on organic 

residues, offers a low-tech route to transform spent mushroom substrate (SMS) from 

oyster-mushroom baglogs into two saleable outputs: worm biomass (a 55–60 % crude-

protein feed ingredient) and vermicompost (a nutrient-rich, humus-like fertiliser). This 

closed-loop practice directly supports the circular-economy principle of “circulating 

materials at their highest value.” (Martín et al., 2023)  

2.3.1. Feedstock suitability 

Each kilogram of fresh oyster mushrooms leaves behind roughly 5 kg of SMS—a 

lignocellulosic blend still rich in cellulose, hemicellulose, lignin and fungal mycelium, 

making it an excellent worm diet (Ruangjanda and Iwai, 2021). Proximate analyses show 

that SMS retains sufficient organic carbon (35–45 %) and a balanced C/N ratio (<30) after 

short pre-conditioning, supporting rapid worm growth without supplemental feed 

(Hadiawati et al., 2025). 

2.3.2.Process performance 

Bench-scale and field studies report that 1 t of SMS can yield 10–15 kg of dried worm 

meal and ≈0.6 t of vermicompost in 45–60 days, provided moisture (70–80 %), 

temperature (25–30 °C) and aeration are maintained (Soontag et al., 2025). Optimising 

the bedding ratio to 60 % SMS : 40 % manure/soil mix maximises earthworm growth (2.5 

% day⁻¹) and nearly triples available N-P-K in the resulting vermicompost (Ruangjanda 

and Iwai, 2021). 

2.3.3. Economic outlook 

At current Indonesian farm-gate prices (worm meal ≈ IDR 90 000 kg⁻¹; vermicompost ≈ 

IDR 1 200 kg⁻¹), gross revenue approaches IDR 1 million per tonne of SMS. After 

deducting seed-worm, labour and simple-infrastructure costs (~ IDR 430 000 t⁻¹), net 
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margins of ≈ IDR 560 000 t⁻¹ are attainable, with pay-back periods under one year for 

micro-scale operations (Hadiawati et al., 2025). 

2.3.4.Environmental and agronomic benefits. 

Diverting SMS to vermiculture avoids open burning or landfill disposal, thereby cutting 

methane and particulate emissions; life-cycle modelling shows up to 30 % cradle-to-farm-

gate GHG savings compared with linear disposal (Soontag et al., 2025). The resulting 

vermicompost lowers synthetic-fertiliser demand by 20–30 % and improves soil 

microbiology, while worm meal substitutes imported fish-meal in aquafeeds. 

2.3.5. Implications for X Agrofarm Cikarang. 

Given X Agrofarm Cikarang’s monthly output of ≈ 1 t SMS, adopting vermiculture could 

generate an additional IDR 6–7 million in annual net profit, eliminate disposal fees, and 

position the farm as a circular-economy showcase within Indonesia’s mushroom-SME 

cluster. These literature benchmarks provide the baseline parameters for the economic 

projections. 

 

  

2.4 Economic Benchmarks from the Literature  

Empirical studies on vermiculture that uses spent mushroom substrate (SMS) provide a 

first‐cut yard-stick for gauging the business prospects at X Agrofarm Cikarang. Three 

recurring cost-and-return patterns emerge: 

2.4.1. Unit-level profitability is driven by SMS availability and labour, not by 

expensive equipment. 

Pilot trials in Germany showed that feeding Eisenia fetida exclusively with oyster-

mushroom SMS produced 10–15 kg of dried worm meal t⁻¹ SMS and about 0.6 t 

vermicompost t⁻¹ SMS, outperforming maize-stover diets by a factor of 2.6 in biomass 

yield (Soontag et al., 2025). Because the process relies on shallow beds and basic shading, 

reported fixed investment seldom exceeds the cost of simple wooden or HDPE bins. 

2.4.2. Benefit-cost ratios above 1.5 are common at micro scale. 

A budget study at a 300 m² college farm in Hyderabad, India, recorded annual production 

costs of ₹ 725 805 (≈ IDR 173 million) against sales of ₹ 1.02 million when vermicompost 

was sold at farm-gate prices—and up to ₹ 1.67 million when marketed retail yielding net 

returns of ₹ 294 000–948 000 and a benefit-cost ratio between 1.4 and 2.3 (Satish et al., 

2023). Similar case notes in the same paper cite a small farmer in Guntur who achieved a 

2.1 : 1 ratio on less than one tonne of feedstock per cycle. 

2.4.3. Pay-back periods cluster between 6 and 12 months. 

Micro-enterprise surveys in Southeast Asia indicate that start-up outlays for worm seed, 

bedding, and a basic shed average IDR 4–8 million. When gross margins of IDR 500–

600 000 t⁻¹ SMS (as documented above) are attained, capital recovery is typically 

completed within the first year of operation well inside the loan terms of most Indonesian 

micro-credit (KUR) schemes. Sonntag et al. (2025) also report that substituting imported 

fish-meal with worm meal produced from SMS can lower feed costs by 15 %, creating 

an additional price buffer for small aquaculture or poultry users. 

https://pubmed.ncbi.nlm.nih.gov/40339246/
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2.4.4. Market sensitivity hinges on two variables. 

The farm-gate price of vermicompost (IDR 900–1 400 kg⁻¹ in Java) and the survival rate 

of earthworms during the wet season. Studies recommend maintaining bedding moisture 

at 70–80 % and adding 10 % cow-manure starter to stabilise C : N ratios practices that 

cut mortality by up to 30 %  (Martín et al., 2023) 

2.4.5. Environmental co-benefits translate into indirect economic gains.  

Life-cycle modelling shows that diverting SMS to vermiculture rather than landfilling can 

shave ≈ 0.25 t CO₂-eq t⁻¹ SMS from cradle-to-farm-gate emissions, opening the door to 

small carbon-credit revenues or CSR branding (Martín et al., 2023). 

Taken together, these benchmarks suggest that a farm like X Agrofarm Cikarang 

producing about 1t SMS month⁻¹ could expect IDR 6–7 million in extra net profit per 

year after a modest initial outlay, provided local markets for worm meal and 

vermicompost are accessible.  

3. Research Method 

3.1 Types and Approaches of Research 

This study adopts a quantitative, descriptive-analytical approach to estimate the economic 

feasibility of converting X Agrofarm Cikarang’s spent baglogs into worm meal and 

vermicompost. All variables-yields, prices, costs, margins, and pay-back period are 

expressed numerically so that the potential profit of a baglog-based vermiculture unit can 

be statistically described and compared with benchmarks from previous studies. 

3.2 Population and Sample 

Case unit in X Agrofarm Cikarang. This single-case sample is purposively chosen 

because (1) the owner keeps detailed production and cost records, and (2) the farm’s scale 

typifies the region’s mushroom SMEs. The sample field study conducted on 12 May 

2025. 

 

3.3. Literature sub-sample. 

Thirty peer-reviewed articles and technical reports (2013-2025) on SMS-based 

vermiculture were screened with PRISMA; 12 high-quality studies were retained as 

quantitative benchmarks for yields, costs, and product prices. 

3.4. Data Collection Technique 

1. Literature study – systematic search of Scopus, Google Scholar, and Indonesian 

databases using “spent mushroom substrate,” “baglog,” “vermiculture,” and 

“economic analysis.” 

2. Field study – one semi-structured interview and a review of X Agrofarm Cikarang’s 

2024–2025 production logbooks to obtain monthly SMS volume, labour hours, local 

input prices, and current disposal costs.  
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3.5. Measurement 

All key variables were defined in units familiar to the owner and grounded in X 

Agrofarm’s own records wherever possible. Specifically: 

• Worm‐meal yield (Y₁) and vermicompost yield (Y₂) were expressed in kilograms 

per tonne of spent baglog (SMS), based on X Agrofarm’s SMS t/month output 

and then scaled to a one-tonne basis for benchmarking. The vermicompost 

benchmark of 600 kg/t SMS represents the median across twelve peer-reviewed 

studies (reported ranges: 500–700 kg/t (Hadiawati et al., 2025; Ruangjanda & 

Boonthai Iwai, 2021) 

• Cash outlays for starter worms (C₁), labour (C₂), and bedding (C₃) were taken 

directly from the farm’s 2024–2025 logbooks, rather than literature alone. 

• The pay-back period (PP) was defined as: 

PP =
Fixed Investment

Gross Margin per month
 (months) 

 

• Gross margin (GM) per tonne of SMS was calculated as: 

 

GM = (Pworm × Y1) + (Pcompost × Y2) − (C1 + C2 + C3) 

 

• One-year NPV was computed by discounting the stream of twelve monthly 

gross margins at 8 % p.a.: 

NPV = ∑
GM𝑡

(1 + 0.08)t/12

12

𝑡=1

− Fixed Investment 

3.6. Analytical steps. 

1. Farm-Scale Scenario: Inputs (Y₁, Y₂, C₁–C₃) drawn from Hanara’s logbooks were 

combined with a right-sized fixed investment (two worm beds) to model cash flows 

and calculate GM, PP, and NPV. 

2. Scenario Testing: Three alternative sets of assumptions (conservative, baseline, 

optimistic) altered only yield and price parameters, holding farm-specific costs 

constant, to reveal break-even and pay-back under different market conditions. 

3. Sensitivity Check: Labour cost (C₂) was varied ±20 % and worm‐meal price 

(P₍worm₎) ±15 % to measure impacts on GM and PP, identifying which farm costs 

or revenues most affect overall feasibility. 

 3.7. Validity and reliability 

Core parameters were validated through a two-step process. First, unit-cost inputs 

(substrate handling, labour, starter worms) and reference prices for vermicompost were 

drawn from at least three peer-reviewed studies or technical reports published between 

2019 and 2025, ensuring every figure lay within the inter-quartile range of the literature. 
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Second, the selling price for dried worm meal was confirmed directly with the owner of 

X Agrofarm Cikarang, who quoted mid-2025 farm-gate transactions to local aquafeed 

buyers; this value fell well inside the literature range, reinforcing external consistency. 

Yield estimates were likewise triangulated across no fewer than three independent 

publications. The completed cost worksheets were then reviewed with the owner only to 

verify that expense headings matched on-farm terminology; no additional field price 

surveys were undertaken. 

3.8. Ethical note 

X Agrofarm Cikarang’s owner voluntarily shared operational data and approved their use 

in anonymised form. No personal or sensitive information was collected. In sum, Chapter 

3 translates everyday farm figures and credible literature benchmarks into a practical cost-

and-return model, allowing X Agrofarm Cikarang and by extension similar Indonesian 

mushroom micro-enterprises to judge whether turning baglog waste into worm feed is 

likely to pay off within a single production year. 

 

4. Result and Discussion 

4.1. Respondent Characteristic 

The study’s only field respondent was X Agrofarm’s owner-manager, hereafter referred 

to as “Ms Lily and Mr. Hendra.” They currently maintains about 6,000 active baglogs 

each month with the help of three labourers (1 full-time labor and 1 or 2 part-time). They 

supply fresh oyster mushrooms to Cikarang’s traditional market and is exploring new 

outlets for a planned worm-meal line. They recognise vermiculture’s potential to trim 

disposal costs and generate worm-meal revenue, They have not yet pursued the practice 

in earnest. The main obstacle is a persistent shortage of labour: her existing crew is fully 

occupied with baglog preparation, harvesting, and snack processing, leaving insufficient 

manpower to manage worm beds on a daily basis. 

4.2 Current Material Flows at X Agrofarm Cikarang 

X Agrofarm Cikarang operates a batch-based baglog system that runs continuously 

throughout the year. Each month the farm inoculates about 6,000 polyethylene baglogs, 

each weighing roughly one kilogram when packed with a sawdust bran substrate. After 

25–30 days of incubation and two to three flushes, the cycle produces ≈ 900 kg of fresh 

oyster mushrooms, or close to 30 kg day-¹. With a dry-substrate mass of roughly 600 kg 

per batch, this output corresponds to a biological efficiency of ~150 % typical for small 

Indonesian Pleurotus operations that use mixed hardwood sawdust. Because harvesting 

is staggered, X Agrofarm maintains a near-steady daily flow of fresh product to local 

markets while keeping labour requirements modest. 

When the final flush is completed, the farm removes a monthly average of ≈ 200 kg of 

spent mushroom substrate (SMS). Physically, the SMS consists of compact, partially 

degraded sawdust cylinders encased in plastic sleeves and colonised by residual 

mycelium (see Figure 4.1). Left unattended, these baglogs accumulate rapidly, occupying 

valuable floor space and posing contamination risks for the next production cycle. Their 

lignocellulosic matrix still contains a high proportion of organic carbon (≈ 38 %), 
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moderate nitrogen (≈ 1.2 %), and trace minerals attributes that make the material a 

promising secondary resource rather than a mere disposal burden. At present the farm 

stores the spent blocks under a tarp until a critical mass justifies transport to a local 

dumping site, incurring both handling time and minor hauling costs. 

To close this loop, Agrofarm earmarks the entire 200 kg month-¹ of SMS as feedstock for 

vermiculture. Field trials and literature benchmarks suggest that Eisenia fetida can 

convert 20 kg of fresh SMS into ≈ 3 kg of live worms within a 45–60-day cycle. Applying 

this ratio to Agrofarm’s output implies a potential 30 kg of live worms per month, 

alongside ~120 kg of vermicompost. If the worms are dried and milled, the farm could 

obtain roughly 6 kg of high-protein worm meal, while the castings would provide an in-

house organic fertiliser or an additional revenue stream. Thus, the existing material flow 

from spawn to mushrooms to SMS naturally feeds into a secondary, low-tech 

bioconversion pathway that promises to transform what is now a waste-management 

liability into a tangible economic asset. 

Figure 4.1 Pile of spent baglogs at X Agrofarm Cikarang. 

  

 Source: Author’s photo 

Figure 4.2 Vermiculture box (100cm x 70cm x 30cm) at X Agrofarm, Cikarang 
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Source: Author’s photo 

 

4.3 Economic Potential of Vermiculture 

Below is a suggested structure for the results section that first presents the calculation 

with X Agrofarm’s actual waste flow (200 kg SMS month-¹), followed by the per-tonne 

benchmark scenario. The sub-headings and tables can be numbered to match your 

manuscript. 

4.3.1. Farm-Scale Scenario (200 kg SMS month-¹) 

Using the owner-reported figure of 200 kg of spent baglogs per month, a right-sized 

vermiculture module (two worm beds instead of the four assumed in the benchmark 

model) was costed and modelled. All yields, prices, and variable costs come from the 

median values of the 12 screened studies; only the fixed investment is prorated to X 

Agrofarm’s actual scale. The resulting assumptions and financial outcomes are 

summarised in. 

 

Table 4.1. Farm-scale economic metrics for a 0.2-tonne-per-month vermiculture unit at 

X Agrofarm (mid-2025 prices) 

Metric 
Assumption (median of 

12 studies) 
Unit value 

Result per t SMS 

(IDR) 

Worm-meal yield 15 kg t-¹ SMS → 3 kg 90,000 kg⁻¹ 270,000 

Vermicompost 

yield 

600 kg t-¹ SMS → 120 

kg 
1,200 kg⁻¹ 144,000 

Gross revenue — — 414,000 

Variable costs* 
Starter worms, labour, 

bedding (86,000) 
— 86,000 

Gross margin 

(GM) 
Revenue – variable — 328,000 

Right-sized fixed 

investment 
Two worm beds + shade  — 3,200,000 

Pay-back period 3,200,000 / 328,000 — ≈ 9.8 months 

NPV (1 yr, 8 %) 
Discounted on 12 

monthly GM 
— ≈ 2.9 million 

 

*Weighted mean of three Indonesian micro-vermiculture budgets (Hadiawati et al., 2025; 

Ruangjanda & Boonthai Iwai, 2021; Satish et al., 2023). Half of the IDR 6 million four-

bed start-up cost reported in the same studies, reflecting X Agrofarm’s smaller 

throughput. 

These results show that, even at X Agrofarm’s present waste volume, vermiculture 

recovers its investment in under ten months and generates a first-year NPV of roughly 

IDR 2.9 million, confirming the venture’s attractiveness at micro-enterprise scale. 
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4.3.1. Baseline scenario 

The financial performance of a one-tonne-per-month vermiculture unit was modelled 

with the midpoint values extracted from the 12 benchmark studies. The key assumptions 

and results are summarised in Table 4.3. 

Table 4.2. Baseline techno-economic metrics for a one-tonne spent-baglog vermiculture 

unit at X Agrofarm (mid-2025 prices) 

Metric 
Assumption (median of 12 

studies) 
Unit value 

Result per t 

SMS (IDR) 

Worm-meal yield 15 kg t⁻¹ SMS 90,000 kg⁻¹ 1,350,000 

Vermicompost yield 600 kg t⁻¹ SMS 1,200 kg⁻¹ 720,000 

Gross revenue — — 2,070,000 

Variable costs* 
Starter worms, labour, 

bedding 
— 430,000 

Gross margin Revenue – variable costs — 1,640,000 

Fixed investment (one-

off) 
Worm beds & shade — 6,000,000 

Pay-back period 
Fixed investment / gross 

margin 
— ≈ 3.7 months 

NPV (1 yr, 8 %) Discount rate 8 % p.a. — 12,700,000 

 

*Weighted mean of three Indonesian micro-vermiculture budgets (Hadiawati et al., 2025; 

Ruangjanda & Boonthai Iwai, 2021; Satish et al., 2023). IDR 6 million is mid-range of 

the IDR 5–8 million start-up costs reported in the same studies. 

The per-tonne model useful for cross-study comparison shows that larger SMS volumes 

accelerate capital recovery to ≈ 3.7 month. X Agrofarm can scale toward this benchmark 

as its production grows or by aggregating SMS from neighbouring farms. Even under 

median yield and price assumptions, vermiculture converts X Agrofarm’s waste stream 

into a gross margin of IDR 1.64 million per tonne, paying back the initial IDR 6 million 

capital in under four months and delivering a first-year NPV of IDR 12.7 million at an 8 

% discount rate. These returns sit comfortably within the profitability envelope 

documented for comparable micro-scale vermiculture ventures, confirming the venture’s 

financial attractiveness alongside its waste-reduction benefits. 

Using median values from the screened studies 15 kg dried worm meal t⁻¹ SMS and 600 

kg vermicompost t⁻¹ SMS at mid-2025 farm-gate prices of IDR 90,000 kg⁻¹ and IDR 1 

200 kg⁻¹, respectively, gross revenue reaches IDR 2.07 million t⁻¹. Variable costs drawn 

from three peer-reviewed sources (starter worms, labour, bedding) average IDR 430 000 

t⁻¹, producing a gross margin of IDR 1.64 million t⁻¹. With modest fixed outlays for worm 

beds and shade (≈ IDR 6 million), the pay-back period is 3.7 months, and the one-year 

NPV, discounted at 8 %, equals IDR 12.7 million. These results confirm that vermiculture 

can outperform the farm’s existing snack line in both absolute profit and capital-recovery 

speed while eliminating disposal fees. Comparable margins and pay-back horizons are 
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reported by Hadiawati et al. (2025) and Sonntag et al. (2025), placing X Agrofarm’s 

projections well within the documented experience of other small ventures. 

4.3.2. Scenario testing. 

Table 4.3. Scenario-based economic metrics for a one-tonne spent-baglog vermiculture 

unit at X Agrofarm, Cikarang (mid-2025 prices) 

Scenario 

Worm-

meal 

yield 

(kg t⁻¹ 

SMS) 

Worm-

meal 

price 

(IDR 

kg⁻¹) 

Vermicompost 

price (IDR 

kg⁻¹) 

Variable 

cost 

(IDR t⁻¹) 

Gross 

margin 

(IDR t⁻¹) 

Pay-

back 

(months) 

NPV 1 

yr, 8 % 

(IDR 

million) 

Conservative 10 80,000 900 500,000 880,000 ≈ 7.0 4.6 

Baseline 15 90,000 1,200 430,000 1,640,000 ≈ 3.7 12.7 

Optimistic 18 95,000 1,300 400,000 2,350,000 ≈ 2.6 17.1 

 

Even under the conservative mix of lower yields, softer prices, and higher operating costs, 

the project still pays for itself in ≈ 7 months and delivers a positive NPV. At the other 

extreme, favourable market conditions shorten pay-back to less than three months and 

push the one-year NPV past IDR 17 million. These bands (benefit–cost ratios of 1.4–2.3) 

match the micro-scale vermiculture economics reported by Satish et al. (2023), indicating 

that X Agrofarm’s projections fall squarely within documented practice. 

4.3.3. Sensitivity check and managerial implications. 

A targeted sensitivity test explored how two easily fluctuating inputs, labour cost and 

worm-meal price affect profitability. 

 

 

 

Table 4.4. Sensitivity Analysis of Labour Cost and Worm-Meal Price on Gross Margin 

and Pay-Back Period 

Variable shock 
Change vs. 

baseline 

Δ Gross margin 

(IDR t⁻¹) 

Δ Pay-back 

(months) 

Labour cost +20 % +86,000 −120 000 +0.4 

Labour cost −20 % −86,000 +120 000 −0.4 

Worm-meal price +15 % +13,500 IDR kg⁻¹ +247 500 −0.6 

Worm-meal price −15 % −13,500 IDR kg⁻¹ −247 500 +0.6 

 

The results show that wage volatility moves the pay-back horizon by < half a month, 

whereas a similar percentage swing in worm-meal price shifts it by ≈ 0.6 month. Price 

discovery, product quality, and forward agreements with local feed buyers therefore merit 

priority attention; labour efficiency, while important, is a secondary risk. 

Overall, the analyses demonstrate that even in the conservative scenario X Agrofarm can 

recoup its investment within a single production cycle and post a respectable surplus 
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while diverting 100 % of its baglog waste. These findings align with Indonesia’s Circular-

Economy Roadmap (2025–2045) targets for SME resource-recirculation, providing a 

replicable template for other mushroom micro-enterprises in West Java. 

 

4.4 Discussion 

The economic analysis reveals that vermiculture at X Agrofarm is financially attractive 

even at the farm’s actual waste output of 200 kg SMS per month. By right‐sizing the 

capital investment to IDR 3.2 million for a two‐bed system, the operation achieves a gross 

margin of IDR 328,000 monthly and recovers its start-up costs in under ten months. This 

sub-year pay-back aligns closely with findings from Hadiawati et al. (2025) and Satish et 

al. (2023), who documented six- to twelve-month recovery periods for similar micro-

scale vermiculture ventures. The resulting one-year NPV of IDR 2.9 million confirms that 

even a modest stream of residual baglogs can yield a meaningful supplementary revenue, 

offset disposal fees, and strengthen the farm’s overall cash flow. 

Extending the analysis to a standard one-tonne (1 t) benchmark, drawn from the median 

values of twelve literature sources, underscores the scalability of the model. Under these 

conditions, gross margin climbs to IDR 1.64 million per tonne, pay-back falls to 3.7 

months, and a first-year NPV of IDR 12.7 million is achieved at an 8 % discount rate. 

These figures sit comfortably within the 1.4–2.3 benefit–cost ratios reported for industrial 

and semi-industrial worm-farming setups (Satish et al., 2023), suggesting that, as X 

Agrofarm grows or aggregates baglogs from neighbouring growers, its enterprise will 

swiftly approach these best-practice returns. In effect, the vermiculture module functions 

as a flexible asset: profitable at low throughput and rapidly more so with scale. 

Scenario testing demonstrates robust resilience to market and operational volatility. In the 

conservative case with a reduced yield of 10 kg worm meal per tonne, softer prices (IDR 

80,000/kg for worm meal; IDR 900/kg for vermicompost), and higher variable costs (IDR 

500,000 per tonne) the pay-back still completes in ≈ 7 months, with a positive NPV of 

IDR 4.6 million. The optimistic case reverses these assumptions yield of 18 kg, premium 

prices, and leaner costs—to compress pay-back into ≈ 2.6 months and boost NPV to IDR 

17.1 million. This 3–7-month pay-back envelope far outpaces typical micro-credit terms 

(12–24 months), confirming vermiculture’s appeal as a low-risk, high-turnover circular 

diversification. 

A sensitivity check highlights the differential impact of input fluctuations. A ±20 % 

change in labour cost shifts the gross margin by IDR 120,000 per tonne and the pay-back 

by less than half a month, indicating that X Agrofarm’s tight labour market poses limited 

financial threat. Conversely, a ±15 % shift in worm-meal price alters margin by IDR 

200,000–250,000 and pay-back by ≈ 0.6 month, signalling that securing stable offtake 

agreements and exploring value-added branding (e.g., “organic worm meal”) can 

materially protect profitability. Managers should therefore prioritise price‐stabilization 

strategies such as forward contracts with feed mills or cooperatives while maintaining 

labour‐efficiency practices as a secondary hedge. 

Beyond pure economics, the model yields substantial environmental and social co-

benefits. Diverting SMS from dumping or open burning prevents methane and particulate 
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emissions, consistent with life-cycle assessments showing up to 0.25 t CO₂-eq avoided 

per tonne of vermicast (Dorr et al., 2021). The vermicompost product enriches soil 

organic matter and cuts synthetic-fertilizer demand by 20–30 %, enhancing local 

vegetable yields and improving smallholder resilience. Moreover, the worm-farming 

process creates new rural employment—each two-bed module needs routine feeding, 

harvesting, and processing, translating into part-time roles that can be filled by family 

members or local youths. 

These findings directly support Indonesia’s Circular Economy Roadmap (2025–2045), 

which identifies organic-waste valorisation in horticulture as a priority SME intervention. 

By showcasing a low-tech, low-capex model that yields rapid returns, X Agrofarm 

Agrofarm becomes a practical exemplar for extension services, cooperatives, and 

policymakers aiming to scale up circular-economy practices. Government programs such 

as KUR-Green micro-credit and technical‐assistance grants could adopt this blueprint to 

accelerate adoption across the region’s 9,000+ micro-mushroom units, potentially 

diverting > 50,000 t of SMS annually into productive loops. 

Limitations and next steps. The analysis rests on literature medians and a one-off 

interview; actual yields and prices may vary seasonally. Future research should deploy an 

on-farm pilot with real-time monitoring of worm survival, vermicast quality, and local 

market uptake to refine these projections. Likewise, integrating a life-cycle inventory 

from substrate preparation through product end-use would quantify full environmental 

returns. Nonetheless, the present results offer actionable insights: vermiculture using 

spent baglogs is both feasible and profitable at farm scale, translating a waste liability into 

a sustainable, circular revenue stream. 

 

5. Conclusion and Implications  

This study shows that transforming spent oyster-mushroom baglogs into vermicompost 

and worm meal is both economically viable and environmentally beneficial for small 

farms like X Agrofarm. By redirecting its entire 0.2 t/month of baglog waste into a two-

bed vermiculture unit, at an upfront cost of IDR 3.2 million X Agrofarm can recover its 

investment in under ten months and realize a first-year NPV of about IDR 2.9 million. 

Key impacts: 

• Waste reduction: All residual substrate is repurposed rather than sent to landfill, 

easing local disposal pressures. 

• Soil health improvement: Produced vermicompost enriches fields and reduces 

synthetic fertilizer use. 

• New income and jobs: Vermiculture adds a low-tech harvest activity that 

generates modest additional earnings and part-time work. 

Scalability benefit: 

If X Agrofarm or neighboring growers scale up say, to 1 t/month of SMS the model 

becomes even more attractive: pay-back shrinks to under four months and first-year NPV 

rises above IDR 12 million. This shows that expanding capacity not only handles more 
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waste but sharply boosts returns, making vermiculture a compelling circular-economy 

option at larger scales. 

Recommendations for future research and practice: 

1. On-farm piloting: Run a full-cycle trial to capture real yields, worm survival, and 

market uptake. 

2. Market development: Map buyer preferences and finalize offtake agreements for 

worm meal and compost. 

3. Process optimization: Test alternative substrate blends, moisture regimes, and bed 

designs to maximize output. 

4. Cooperative scaling: Explore aggregating SMS from multiple farms to achieve 

higher throughput and shared infrastructure. 

5. Extension programming: Assess training needs and social dynamics to guide 

support services. 

By following these steps, small-scale mushroom producers can turn every kilogram of 

spent baglog into profit, strengthen their farm’s resilience, and contribute practical models 

for Indonesia’s journey toward a circular, resource-efficient agri-food sector. 
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