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ABSTRACT
This study evaluates the commercial feasibility of producing briquettes from spent coffee grounds (SCG) in

the South West Region of Aceh, Indonesia, where cafe clusters generate a steady and concentrated residue stream
suitable for decentralised valorisation. A ten‑year discounted cash‑ϐlowmodel at a 12% discount rate is integrated
with operational, process‑engineering, and market insights to assess whether a compact, MSME‑scale densiϐica‑
tion line can achieve ϐinancial viability. The nominal plant processes 816 kg/day and produces 254,592 kg/year
of briquettes at an assumed ex‑factory price of IDR 4500/kg. Baseline modelling yields an annual operating cash
ϐlow of IDR 285.36 million, a Net Present Value (NPV) of IDR 73.52 million, an Internal Rate of Return (IRR) of
13.13%, a Net Beneϐit–Cost Ratio (Net B/C) of 1.05, and a payback period of 5.46 years. Sensitivity analysis iden‑
tiϐies realised price as the dominant determinant of feasibility, followed by utilisation rates and key variable‑cost
components such as binder and labour. Qualitative extensions incorporate the feasibility of multi‑plant network
conϐigurations, the economic implications of seasonal moisture variability, and reϐinements to binder–labour op‑
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timisation informed by local practice. A hypothetical carbon‑ϐinance scenario indicates potential for raising IRR if
monitoring costs and veriϐication burdens decrease. Overall, the ϐindings show that SCG briquettes can be commer‑
cially viable under disciplined pricing, utilisation above 96%, and consistent quality assurance, offering a practical
circular‑economy pathway for reducing waste burdens and substituting conventional solid fuels in West Aceh.
Keywords: SpentCoffeeGrounds; BiomassBriquettes; FeasibilityAnalysis; CircularBioeconomy; Small andMedium
Enterprises

1. Introduction
Global momentum toward low‑carbon energy sys‑

tems has revived interest in solid biofuels that can be
produced and consumed near the point of waste gen‑
eration. Densiϐied biomass in the form of briquettes
or pellets is attractive because densiϐication overcomes
three endemic limitations of raw residues, namely low
bulk density, poor handling characteristics, and incon‑
sistent combustion performance, by producing a uni‑
form fuel that can be stacked, transported, and burned
with predictable behaviour in household and small and
medium enterprise (SME) stoves [1]. In both coffee‑
producing and coffee‑consuming regions, spent coffee
grounds (SCG) represent a stable and concentrated
residue stream that is commonly landϐilled or openly
dumped despite containing energy‑rich biopolymers
such as lipids, lignin‑derived aromatics, and polysaccha‑
rides [1]. This combination of continuous availability and
favourable chemical composition has positioned SCG as
a promising feedstock for solid biofuel production.

Recent experimental and applied studies indicate
that SCG can be successfully upgraded into briquettes
or pellets with heating values in the mid‑teens MJ/kg
and with mechanical durability compatible with con‑
ventional handling, provided that moisture content and
binder proportions are appropriately controlled. Com‑
bustion and emission characteristics of solid briquettes
in household stove contexts have been documented in
the wider solid‑fuel literature, providing benchmarks
for acceptable thermal performance and emissions be‑
haviour [2].

Detailed characterisation and pelletisation experi‑
ments have demonstrated clear linkages between SCG
physicochemical properties, densiϐication performance,
and combustion emissions [3]. In addition, the use of SCG

as an additive in biomass briquettes has been shown to
improvemechanical quality andhandling stability under
controlled processing conditions [4].

Further supporting evidence highlights that SCG‑
based densiϐied fuels can satisfy practical requirements
for household andmicro‑enterprise energy usewhen ba‑
sic process parameters are optimised, thereby opening
additional pathways for value addition and waste val‑
orisationwithin coffee‑based agro‑industrial systems [5].
Studies on solid biofuel production from SCG report
stable combustion behaviour and acceptable fuel char‑
acteristics under optimised compaction and drying
regimes [6]. Field‑validated densiϐication studies in Aceh
and comparable settings also conϐirm that agricultural
and organic residues can be compacted into durable bri‑
quettes with stable handling properties and acceptable
performance when moisture and binders are properly
managed [7, 8].

Beyond technical feasibility, sustainability and
systems‑level assessments reinforce the rationale for
SCG valorisation.

At the global level, this rationale is increasingly em‑
bedded within coffee diplomacy and circular economy
initiatives, which promote climate resilience, waste val‑
orisation, and low‑carbon transformation across coffee
value chains through multi‑stakeholder platforms such
as the Center for Circular Economy in Coffee (C4CEC) [9].
In this context, circular economy–oriented interventions
in coffee value chains, including the valorisation of spent
coffee grounds as alternative solid fuels, are increasingly
viewed as part of a broader low‑carbon transition strat‑
egy aimed at reducing energy intensity and decoupling
economic growth from environmental degradation, par‑
ticularly particulate emissions such as PM2.5 [10].

Life‑cycle assessment studies indicate that SCG pel‑
lets can achieve favourable environmental proϐiles com‑
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pared with fossil or traditional solid fuels, particularly
when supply chains are localised anddrying energy is op‑
timised [11]. Complementary work on circular‑economy
implementation in coffee‑based production systems fur‑
ther underscores the potential role of residue valorisa‑
tion in strengthening sustainability outcomes in coffee‑
growing regions, including Indonesia [5, 12].

At the same time, the global coffee sector con‑
tinues to expand and remains vulnerable to supply–
demand imbalances and climate‑related shocks, which
together shape residue availability and intensify the
urgency of valorisation pathways. According to the
most recent annual review of the International Cof‑
fee Organization, global trade volumes remain high,
and price volatility has been pronounced in recent sea‑
sons, renewing attention to the sector’s waste foot‑
print and circular‑economy opportunities [9]. Paral‑
lel environmental–economic analyses show that energy
consumption, economic growth, foreign direct invest‑
ment, and rapid urbanisation signiϐicantly exacerbate
PM2.5 concentrations in emerging economies, highlight‑
ing the need for cleaner and more decentralised energy
systems [10].

In this context, locally sourced solid biofuels
such as SCG briquettes represent more than a waste‑
management option. Their adoption offers a dual bene‑
ϐit by reducing organicwaste burdenswhile partially dis‑
placing charcoal or fuelwood used for cooking and small‑
scale processing. Such substitution pathways align with
broader energy‑transition objectives while addressing
local air‑quality concerns and resource‑efϐiciency goals.

However, translating laboratory‑scale promise
into viable business models depends critically on eco‑
nomic performance. Techno‑economic assessments and
supply‑chain optimisation studies consistently demon‑
strate that realised selling price, plant utilisation rates,
capital intensity, and the cost of capital are the domi‑
nant determinants of Net Present Value (NPV) and In‑
ternal Rate of Return (IRR) in biomass densiϐication sys‑
tems [13]. Comprehensive reviews further show that dis‑
count rates, operating scale, and logistics conϐiguration
can materially shift feasibility boundaries across agri‑
cultural and forest biomass pathways [14, 15]. Reviews
focused on briquette binders and quality parameters

also emphasise that fuel durability and handling charac‑
teristics directly inϐluence operating costs and market
acceptance, thereby shaping overall project bankabil‑
ity [16].

Indonesia provides a compelling context for SCG
valorisation. Rapid expansion of café culture in ur‑
ban centres and secondary cities has generated steady
SCG streams throughout the year, while major coffee‑
growing regions also host roasting and brewing activi‑
ties that further concentrate residues. In such settings,
compact and semi‑mechanised briquetting lines that col‑
lect, pre‑dry, bind, press, and cure SCG can be located
close to both feedstock sources and end users, including
households, street food vendors, and micro‑industries,
thereby shortening logistics chains and improving sup‑
ply reliability relative tomore diffuse biomass resources.

Despite growing interest in SCG‑based biofuels, a
practical gap remains between materials‑science stud‑
ies of fuel properties and decision‑ready business cases
that integrate process design with market and ϐinancial
analysis. This study addresses that gap by presenting a
case‑based ϐinancial feasibility assessment of an SCG bri‑
quette plant in Aceh Barat, Indonesia. Building on a con‑
servative feedstock window derived from café clusters,
the study evaluates a ten‑year project using standard
investment criteria, including NPV, IRR, Net Beneϐit–
Cost ratio (Net B/C), andpayback period, complemented
by one‑factor sensitivity analysis and qualitative assess‑
ment of operational and market conditions. The objec‑
tive is to determine whether a modest MSME‑scale bri‑
quetting line can be bankable under realistic local condi‑
tions and to identify the key levers that enhance ϐinancial
resilience, particularly realised price, utilisation, labour
and binder control, and cost of capital.

2. Materials and Methods

2.1. Study Area and Design

The case study was conducted in Kecamatan
Meureubo, a sub‑district located in Aceh Barat, on the
western coast of Sumatra, Indonesia, between August
and December 2024. This region was chosen for its sig‑
niϐicant coffee production,with smallholder farmers pre‑
dominating the landscape, which makes it an ideal loca‑
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tion for studying the valorisation of spent coffee grounds
(SCG). Aceh Barat is known for its high‑quality Arabica
coffee, which is widely cultivated in the area. However,
the large quantities of waste, particularly spent coffee
grounds, which are typically landϐilled or discarded, re‑
main a signiϐicant challenge to waste management. SCG,
despite containing valuable energy‑rich biopolymers, in‑
cluding lipids, lignin‑derived aromatics, and polysaccha‑
rides, has not been fully utilised for energy production.

The research employs a mixed‑methods design, in‑
tegrating both quantitative and qualitative components
to provide a comprehensive assessment of the feasibil‑
ity of converting SCG into solid biofuels, speciϐically bri‑
quettes. The quantitative component uses a discounted
cash‑ϐlow (DCF) model, a standard ϐinancial evaluation
tool for long‑term investment projects. This model com‑
putes key ϐinancial indicators such as Net Present Value
(NPV), Internal Rate of Return (IRR), Net Beneϐit‑Cost ra‑
tio (Net B/C), and payback period over a ten‑year project
horizon using a 12% discount rate. These metrics are
crucial for determining the economic viability of estab‑
lishing an SCG briquette production line in Aceh Barat.
The NPV provides insight into whether the investment
will yield a positive return over time, while the IRR mea‑
sures the annual return that the project is expected to
generate. The Net B/C ratio is used to assess the over‑
all economic efϐiciency of the project, and the payback
period provides information on how long it will take for
the initial investment to be recovered through the rev‑
enue generated from SCG briquettes.

This combined framing extends beyond purely
plant‑level analysis by incorporating aspects of dis‑
tributed residue generation and small‑scale biomass
systems that are typical of MSME contexts in Indone‑
sia. Similar mixed techno‑economic approaches have
been applied in previous studies examining biomass bri‑
quetting systems, binder effects, and portable or de‑
centralised densiϐication pathways, providing a method‑
ological precedent for integrating ϐinancial modelling
with operational considerations [15–17].

In addition, a hypothetical carbon‑ϐinance scenario
is incorporated to explore whether avoided emissions
from charcoal substitution and reduced landϐill methane
(CH₄) emissions could enhance IRR under realistic as‑

sumptions regardingmonitoring, reporting, and veriϐica‑
tion costs. This approach is consistentwith life‑cycle and
sustainability assessments of biomass and SCG‑based
solid fuels that consider both energy and environmental
performance dimensions [11].

2.2. Feedstock Window, Seasonal Variabil‑
ity, and Line Sizing

A rapid census of café clusters in Aceh Barat in‑
dicates that approximately 8.5 t/day of spent coffee
grounds (SCG) are generated across the study area. To
avoid optimistic assumptions regarding feedstock avail‑
ability and logistics, only 9.6–10% of this stream is as‑
sumed to be consistently recoverable under current col‑
lection and handling conditions. This conservative as‑
sumption yields a nominal single‑plant processing ca‑
pacity of 816 kg/day, equivalent to 254,592 kg/year at
312 operating days.

Building on this conservative sizing approach, prior
studies on coffee and biomass residues underscore the
importance of aligning feedstock scale, pre‑treatment
choices, and economic realism. In the case of coffee
husks in Brazil, large theoretical energy potentials have
been identiϐied, yet techno‑economic assessments re‑
veal that high moisture content and low bulk density
necessitate intensive pre‑treatment, particularly drying,
which often dominates both capital and operating costs
and rendersmany bioenergy scenarios economically un‑
viabledespite substantial residueavailability [18, 19]. This
evidence reinforces the rationale for adopting modest,
decentralised capacities in early‑stage SCG valorisation
systems, where controlling drying conditions and avoid‑
ing capital‑intensive combustion technologies are criti‑
cal to cost containment.

From a process perspective, densiϐication plays a
pivotal role in improving the handling, storage, and en‑
ergy performance of biomass residues, but the litera‑
ture also highlights persistent challenges related toprod‑
uct quality assessment and standardisation. Key pa‑
rameters such as mechanical durability, abrasion resis‑
tance, moisture adsorption, and density are highly sensi‑
tive to feedstock properties and processing conditions,
while the absence of universally applied standards in‑
troduces uncertainty in performance comparisons and
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scale‑up decisions [20]. For SCG‑based fuels, this implies
that conservative throughput assumptionsmust be com‑
plemented by careful control of densiϐication parame‑
ters to ensure consistent fuel quality under local oper‑
ating conditions.

Insights from integrated torrefaction–pelletisation
systems further demonstrate how plant scale, feed‑
stock cost, and conversion yield fundamentally shape
economic outcomes. Techno‑economic analyses show
that minimum selling prices of torreϐied pellets remain
strongly dependent on feedstock prices and process
yields, although moderate scale increases can reduce
unit costs through economies of scale [21]. In the context
of Aceh Barat, the relatively small annual throughput
implied by recoverable SCG volumes suggests that non‑
torreϐied or lightly upgraded densiϐied fuels may repre‑
sent a more appropriate transitional pathway, prioritis‑
ing logistical feasibility and cost control over high‑capex
thermal upgrading technologies.

Seasonal variability in SCG moisture content is a
critical operational consideration. Field observations
indicate typical moisture levels of approximately 58–
65% during the rainy season and 48–54% during the
dry season. These seasonal ϐluctuations have two prin‑
cipal cost implications: (1) increased thermal or passive
drying requirements, which raise operating expenditure
(OPEX), and (2) reduced effective throughput caused
by longer drying cycles and handling delays. Both ef‑
fects are explicitly incorporated into the sensitivity anal‑
ysis framework, consistent with prior techno‑economic
evaluations of biomass briquetting systems that identify
moisture variability as a key determinant of cost andper‑
formance [22, 23].

In addition to the single‑plant base case, a dis‑
tributed conϐiguration involving two to three micro‑
scale briquetting units co‑located near dense café clus‑
ters is qualitatively assessed. This approach aims to
reduce collection distances, minimise moisture‑related
storage losses, and stabilise effective utilisation rates.
The conceptual basis for this networked conϐiguration
draws on ϐindings from supply‑chain optimisation and
portable densiϐication studies, which show that decen‑
tralised systems can improve logistics efϐiciency and
feedstock reliability in residue‑rich regions [13, 15].

2.3. Process Route, Quality Control, and
Cost‑Control Extensions

The semi‑mechanised production route adopted in
this study consists of pre‑drying, mixing spent coffee
grounds with approximately 8% molasses binder on a
weight basis, hydraulic pressing, curing to storage mois‑
ture, and packaging into 10–25 kg units. Quality‑control
proceduresmonitor key parameters, includingmoisture
content, bulk density, mechanical durability, and ash
composition. Where required, optional third‑party test‑
ing of caloriϐic value and emissions is assumed to ensure
compliance with user requirements and applicable fuel
standards.

Experimental and applied studies demonstrate
that binder proportion, moisture control, and com‑
paction conditions strongly inϐluence the mechanical
durability and handling quality of SCG briquettes. Prior
work has shown that SCG can function effectively as
an additive or primary feedstock in biomass briquettes
when these parameters are properly controlled, leading
to improved resistance to breakage and stable handling
characteristics [3, 4].

To strengthen operational robustness and cost con‑
trol, the analysis incorporates locally observed optimi‑
sation practices that inϐluence variable costs. These in‑
clude molasses dosing windows of approximately 6.5–
8.5% to minimise rework and ϐines, two‑shift labour ro‑
tation patterns commonly used in micro‑densiϐication
units to reduce idle press time, and the use of rain‑
shelter drying racks to stabilise moisture levels during
wet periods. Field observations indicate that such mea‑
sures can reducemoisture variability by roughly 8–12%,
thereby lowering binder demand and shortening press
cycle durations.

Mechanical durability testing follows ISO 17831‑1,
which provides a standardised procedure for evaluat‑
ing briquette resistance to abrasion and fragmentation
during handling and transport [18]. In addition, techno‑
economic andprocess‑modelling studies of coffee‑residue
pretreatment and densiϐication are used to parameterise
the model’s sensitivity to drying temperature, airϐlow,
and bed height, each of which has a measurable effect on
throughput efϐiciency and operating expenditure [19, 20].
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2.4. Financial Model, Carbon‑Finance Layer,
and Decision Criteria

The ϐinancial analysis evaluates a ten‑year project
life using a discount rate of 12%, straight‑line depre‑
ciation over ten years, and a corporate tax rate of
22%. Baseline assumptions include an ex‑factory sell‑
ing price of IDR 4500/kg; variable production costs of
IDR 2415/kg covering binder, electricity, labour, routine
maintenance, packaging, and outbound transport; ϐixed
OPEX of IDR 150 million per year; total capital expen‑
diture (CAPEX) of IDR 1.5 billion; and working capital
equal to 5% of annual sales, which is recovered in Year
10.

Project feasibility is evaluated using standard in‑
vestment criteria, including Net Present Value (NPV), In‑
ternal Rate of Return (IRR), Net Beneϐit–Cost ratio (Net
B/C), and simple Payback Period. One‑factor sensitivity
analysis is conducted to assess the impact of variations
in key parameters around the baseline scenario. These
evaluation metrics and sensitivity practices are widely
applied in techno‑economic assessments of biomass bri‑
quetting and pelletisation systems and are consistent
with established methodologies in the bioenergy litera‑
ture [15, 16].

PV:PVt = x =
CFt

(1 + i) = 12%

Financial feasibility analysis of briquettes:

NPV =

n∑
t=0

CFt
(1 + i)t

where: CFt—gross social beneϐits of the project in year
t, which consists of all types of non‑ϐinancial revenues or
beneϐits received in year t; Ct—gross social costs in year
t, all types of expenditure, both capital and routine.

The following are the decision guidelines for the
NPV assessment:

(a) If the NPV is greater than zero (NPV > 0), the
project is feasible or acceptable to perform since
it may bring beneϐits, and the project is at the
break‑even point.

(b) NPV = 0 indicates that the project returns ex‑
actly the amount of social opportunity capital
factor.

(c) If NPV < 0, the project is not worth working on
and should be rejected.

Net B/C ratio =
PV net beneϐit positif
PVnet beneϐit negati

The ratio provides an estimate of how many times
beneϐits outweigh costs; projects with Net B/C ≥ 1 are
acceptable in this framework.

IRR = i+ NPV1
(NPV1− NPV2) × (i2 − i1)

where i1 and i2 are discount rates that yield NPV1 and
NPV2, respectively; interpolation of IRR and use of sim‑
ple Payback alongside NPV and Net B/C are common in
TEA for briquetting and pelletisation.

Payback Period = (x+ a)n =

∑n
i=1 −Īi − Σn

i=1B̄iCP−1

B̄P

CP−1—the year before payback period, I—the
amount of investment that has been discounted,

B̄iCP −1—the number of beneϐits that have been dis‑
counted before the payback period,

B̄P—number of beneϐits in the payback period.
To extend the analytical scope, a hypothetical

carbon‑ϐinance layer is included to estimate the poten‑
tial impact of carbon‑revenue streams on ϐinancial per‑
formance. The assessment considers three parameters:

(1) a charcoal displacement factor whereby one
tonne of SCG briquettes corresponds to approxi‑
mately 1.4 tCO₂e (tonnes of CO2 equivalent) emis‑
sions;

(2) landϐill methane reduction potential estimated at
0.18–0.24 tCO₂e per tonne of SCG diverted;

(3) representative voluntary carbon‑market prices in
the range of USD 4–7 per tCO₂e.

While carbon revenue is not incorporated into the
baseline cash‑ϐlow model due to uncertainties in veriϐi‑
cation and monitoring costs, these parameters enable a
structured estimation of potential IRR uplift under low‑
cost certiϐication pathways.

Decision rules follow established techno‑economic
assessment practice, whereby the project is considered
ϐinancially feasible if NPV is positive, IRR exceeds the dis‑
count rate, and the Net B/C ratio is equal to or greater
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than one. The full discounted cash‑ϐlow model, sensitiv‑
ity analysis, and supporting datasets are provided in the
Supplementary Materials.

3. Results

3.1. Base‑Case Outcomes

Annual sales reach IDR 1,145,664,000, and steady‑
state operating cash ϐlow equals IDR 285,362,074
per year. Investment cash ϐlows are: t₀ = −IDR
1,557,283,200 (CAPEX + working capital), t1–9= +IDR
285,362,074 per year, t₁₀ = +IDR 342,645,274 (operat‑
ing cash ϐlow plus working‑capital recovery).

The resulting criteria are NPV (12%, 10 years) =
IDR 73,519,817, IRR= 13.13%, Net B/C= 1.05, and Pay‑
back ≈ 5.46 years. These ϐigures indicate a borderline‑
positive case that can become robust with modest im‑
provements in realised price or utilisation, consistent
with techno‑economic assessments of biomassdensiϐica‑
tion where unit margin, utilisation, and capital cost are
dominant value drivers [14–16, 21]. The elasticity of value
with respect to realised price and operating hours mir‑
rors prior TEA patterns in which incremental gains in
unit margin or effective uptime generate disproportion‑
ate effects on NPV and payback because many annual
costs are semi‑ϐixed [15, 21].

Beyond the project‑level ϐinancial indicators, the
broader literature on coffee‑waste valorisation pro‑
vides important context for interpreting the borderline‑
positive economics observed here. Comprehensive re‑
views show that spent coffee grounds (SCGs) are in‑
creasingly recognised as strategic feedstocks within bio‑
circular economypathways, particularly for biofuels and
bioenergy applications, due to their wide availability at
the downstream end of the coffee value chain and their
suitability for large‑scale upcycling relative to other cof‑
fee residues [24]. However, despite strong technical po‑
tential and diverse application routes, industrial deploy‑
ment remains limited, largely due to commercialization
barriers related to process efϐiciency, market access, and
scale alignment—factors that directly inϐluence realised
prices and utilisation rates, which are also themost elas‑
tic value drivers in the present analysis.

At the local level, empirical evidence from
community‑based initiatives in West Aceh further
demonstrates that non‑technical interventions can ma‑
terially improve the economic robustness of SCG bri‑
quette systems. Participatory capacity‑building pro‑
grams combining technical training, cleaner production
principles, and digital marketing have been shown to
increase production efϐiciency, reduce material and wa‑
ter waste, and expand market reach for SCG‑based bri‑
quettes, thereby improving unit margins and stabilising
demand [25]. These ϐindings support the argument that
modest improvements in realised price and effective
operating hours—achieved through skills upgrading,
waste minimisation, and market integration—can shift
borderline techno‑economic outcomes toward clearly
viable business cases.

From a fuel‑performance perspective, studies on
coffee‑based pellets also indicate that binder composition
and densiϐication parameters signiϐicantly affect key qual‑
ity attributes, including density, moisture content, ash
fraction, ϐixed carbon, and thermal efϐiciency [26]. Opti‑
mised formulations using common binders such as tapi‑
oca ϐlour and molasses have been shown to produce pel‑
letswith adequate energy efϐiciency and combustion char‑
acteristics for household‑scale applications, reinforcing
the feasibility of decentralised SCG densiϐication systems.
Taken together, these strands of evidence suggest that
the ϐinancial performance reported above is not solely
a function of feedstock scale, but is closely intertwined
with process optimisation, institutional support, andmar‑
ket development—consistent with broader trajectories
observed in coffee‑waste‑based bioenergy systems [24–26].

The baseline results in Table 1, therefore, indicate
thin but positive ϐinancial feasibility, reϐlecting a typi‑
cal MSME‑scale densiϐication proϐile where proϐitability
hinges on sustaining throughput, controlling unit costs,
and maintaining a viable price ϐloor [14–16, 21].

Technically, spent coffee grounds briquettes deliver
mid‑teensmegajoules per kilogramandhighmechanical
durability under routine control of moisture and binder,
providing a defensible ex‑factory price and supporting
adoption in household and SME markets. Experimental
evidence reports stable briquette properties and accept‑
able combustion performance when basic process con‑
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trols are enforced, particularly drying discipline, com‑ paction conditions, and binder dosing [3, 4, 27].

Table 1. Baseline ϐinancial inputs.
Item Assumption Note

Ex‑factory price IDR 4500/kg Base selling price
Variable cost IDR 2415/kg Binder 640; electricity 225; labour 900; maintenance 150; packaging 200; outbound 300
Fixed OPEX IDR 150,000,000/year Supervision, rent, misc

CAPEX (Year 0) IDR 1,500,000,000 Equipment, building works, light truck, installation
Working capital 5% of annual sales Recovered in Year 10

Project life; DF; tax 10 y; 12%; 22% Straight‑line depreciation 10 y

The assumed variable‑cost structure also aligns
with quality and binder reviews showing that moisture
content, particle size, andbinder proportion are primary
levers shaping bulk density, durability, and handling
performance, which in turn affect breakage losses and
unit cost per kilogram [16, 20]. Management investment
in straightforward quality procedures and preventive
maintenance for dies and hydraulics, therefore trans‑
lates directly into higher effective utilisation without
raising CAPEX, strengthening the operating annuity that
drives discounted value [14, 15].

Strategically, the pronounced sensitivity to realised
price implies the need to protect a price ϐloor through
simple offtake arrangements, subscription bundles, or
product–stove bundling during early rollout. This pattern
matches prior densiϐication cases inwhich speciϐication as‑
surance and reliable quality control enable modest price
premia and improved investment performance [14–16].

From a sustainability perspective, life‑cycle assess‑
ments of SCG pellets indicate competitive environmen‑
tal proϐiles relative to traditional solid fuels when supply
chains are localised and drying energy is optimised, sup‑
porting the feasibility of maintaining modest and defen‑
sible premia when paired with clear quality assurance
and performance communication [11].

Overall, the alignment between SCG briquette tech‑
nical performance, a controllable cost structure through
SOP‑based quality, and cross‑study TEA evidence rein‑
forces the claim that the project is ϐinancially viable
at baseline and can become more comfortably bank‑
able through stronger price realisation, utilisation near
nameplate capacity, and disciplined control of binder
and labour costs [3, 4, 11, 14–16, 20, 21, 27].

The study’s core contribution lies in coupling re‑
alistic process parameters with a ϐinancial framework

widely used in densiϐication studies and mapping both
to aWest Aceh context that offers continuous SCG supply
and nearby end‑user markets. By translating bankabil‑
ity into concrete operating targets—minimum realised
price and minimum daily output at the baseline price—
the analysis provides actionable benchmarks for plant
managers and local policy actors [14–16, 21].

Limitations include a single plant size, simpliϐied
drying energy assumptions, and the absence of veriϐied
carbon‑credit scenarios. Future work should further re‑
ϐinemoisture–throughput dynamics and explore alterna‑
tive drying conϐigurations that could widenmargins and
reduce cash‑ϐlow volatility, consistent with TEA ϐindings
for integrated thermal upgrading and densiϐication sys‑
tems [21].

3.2. Seasonal Moisture Variability and Cost
Impacts

Field observations in Meureubo and surrounding
café clusters show that SCG moisture content increases
markedly in the rainy season, extending drying times
and raising energy and labour requirements. In the ϐi‑
nancial model, seasonal moisture penalties are repre‑
sented as incremental increases in variable cost and re‑
ductions in effective throughput. A simple extension
of the base case indicates that when rainy‑season mois‑
ture and associated handling losses raise total variable
costs by approximately 8–10%, NPVmoves close to zero,
and the IRR converges toward the discount rate. This
behaviour is consistent with briquetting TEAs and re‑
views identifying moisture variability as a key opera‑
tional drawback that directly affects energyuse, through‑
put, and economic performance [22, 23].

Operationally, this underscores the importance of
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low‑cost moisture‑management practices such as rain‑
shelter drying racks, thinner drying beds, and time‑
windowed pressing schedules. In MSME settings, these
measures function as risk controls that stabilise press cy‑
cle time, limit binder overuse, and reduce rainy‑season
cost surges, thereby protecting discounted value under
thin‑margin conditions [22, 23].

3.3. Detailed Cash‑Flow Proϐile and Man‑
agerial Implications

The cash‑ϐlow proϐile begins with a year‑zero out‑
lay that combines ϐixed investment and working capi‑
tal, creating an initial negative base that must be recov‑
ered through operating surpluses. Years one through
nine form a near‑level operating annuity, so most of
the project’s present value is generated by repeatedly
earning a stable margin on an essentially ϐixed annual
throughput. This explains why realised price and utilisa‑
tion dominate the economics: small gains in unit margin
or effective uptime compound across multiple periods
and raise present value more than one‑off adjustments
can, a pattern consistent with techno‑economic assess‑
ments of densiϐication projects [14, 15, 21].

Twomechanics in the terminal year areparticularly
important. First, the release of working capital in year

ten increases the terminal inϐlow without affecting in‑
terim years, which is why the present value in year ten
can exceed that of a single operating year despite heavier
discounting. Second, straight‑line depreciation affects
cash only through taxes: reducing taxable income gen‑
erates a tax shield that lifts after‑tax operating cash ϐlow
and therefore NPV. Together, these effects produce the
observed proϐile: a thin but positive NPV at a 12% hur‑
dle, an IRR slightly above thediscount rate, aNetB/C just
over one, and a mid‑horizon nominal payback—typical
for compact briquetting lines operatingwithmodest cap‑
ital intensity and steady utilisation [14, 15, 21].

The discount factor column is computed as 1/(1 +

0.12)t and should be shown to four decimals to re‑
produce the present‑value column consistently. Using
0.8929, 0.7972, 0.7118, 0.6355, 0.5674, 0.5066, 0.4523,
0.4039, 0.3606, and 0.3220 for years one through ten
follows standard discounted‑cash‑ϐlow practice and sup‑
ports transparency and repeatability in peer review.

Managerially, Table 2 highlights that value is con‑
centrated in the operating annuity rather than in specu‑
lative terminal values. Three priorities follow: protect
unit margin through QA‑backed pricing, prioritise up‑
time and preventive maintenance, and manage working
capital tightly to improve early free cash ϐlow, which is
disproportionately valuable under discounting [15, 21].

Table 2. Detailed annual cash ϐlows and present values (12%).
Year Cash Flow (IDR) Discount Factor (12%) PV (IDR) Cumulative Nominal CF (IDR)

0 −1,557,283,200.00 1.00 −1,557,283,200.00 −1,557,283,200.00
1 285,362,073.60 0.8900 254,787,565.71 −1,271,921,126.40
2 285,362,073.60 0.8000 227,488,897.96 −986,559,052.80
3 285,362,073.60 0.7100 203,115,087.46 −701,196,979.20
4 285,362,073.60 0.6400 181,352,756.66 −415,834,905.60
5 285,362,073.60 0.5700 161,922,104.16 −130,472,832.00
6 285,362,073.60 0.5100 144,573,307.29 154,889,241.60
7 285,362,073.60 0.4500 129,083,310.08 440,251,315.20
8 285,362,073.60 0.4000 115,252,955.43 725,613,388.80
9 285,362,073.60 0.3600 102,904,424.49 1,010,975,462.40
10 342,645,273.60 0.3200 110,322,607.74 1,353,620,736.00

Finally, the assumption of a stable operating annu‑
ity is supported by the technical credibility of SCG bri‑
quettes. Experimental studies report mid‑teens MJ/kg
energy content, high mechanical durability, and accept‑
able emissions when moisture and binder are routinely
controlled, which underpins stable offtake and lowers

rework or breakage losses [3, 4, 27]. When supply chains
and drying energy are localised and optimised, LCA ev‑
idence for SCG pellets supports the sustainability ratio‑
nale for modest and defensible price premia, strength‑
ening the commercial case under disciplined quality as‑
surance [11].
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3.4. Multi‑Plant Network Considerations

Although the primary ϐinancial model is built
aroundanominal processing capacity of 816kg/day, this
ϐigure derives from the feedstock assessment conducted
in Meureubo and surrounding café clusters and reϐlects
a conservative capture rate under realistic logistics con‑
straints. However, the café‑cluster geography of West
Aceh naturally lends itself to multi‑plant conϐigurations.
A qualitative comparison between a centralised single‑
plant layout and a distributed network of two or three
smaller units located near dense café clusters indicates
a classic trade‑off: while CAPEX and ϐixed OPEX rise
moderately due to duplicated equipment and supervi‑
sory functions, collection and outbound transport costs
fall, and feedstock security improves because each unit
serves a smaller radius. In operational terms, shorter
collection distances reduce storage losses and stabilise
effective utilisation.

Although the present analysis does not include
a full network‑optimisation model, the conceptual

logic is consistent with supply‑chain optimisation and
portable densiϐication evidence showing that decen‑
tralised conϐigurations can improve feedstock reliabil‑
ity and reduce logistics penalties in residue‑cluster set‑
tings [13, 15].

3.5. Price Scenarios and Carbon‑Finance
Potential

Table 3 shows a direct and powerful linkage be‑
tween realised selling price and project value. Raising
the price from IDR 4500 to IDR 5500/kg converts the
venture from a thin baseline into a highly attractive case,
whereas reducing the price to IDR 3500/kg drives NPV
deep into negative territory. This strong operating lever‑
age is consistent with techno‑economic evidence show‑
ing that realised price and effective utilisation dominate
NPV and IRR in densiϐication projects because margin is
applied repeatedly across a largely ϐixed annual through‑
put [14, 15]. SeeFigure1 for the cumulative cash ϐlowover
the 10‑year period.

Table 3. Scenario NPVs for selling price.
Price (IDR/kg) NPV (IDR)

3500 −1,068,705,549
4500 (baseline) 73,519,817

5500 1,130,818,479

Figure 1. Cumulative cash ϐlow—baseline (10 years, 12% discount).
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Twopractical takeaways follow formanagers. First,
establish and defend a price ϐloor. Because unit mar‑
gin compounds over the project horizon, small shortfalls
in realised selling price can erode discounted value sub‑
stantially. Second, make price premia credible through
routine quality assurance. Experimental and applied
studies show that SCG briquettes and pellets can achieve
durable handling quality and stable combustion perfor‑
mance under disciplined moisture and binder control,
supporting defensible pricing when speciϐications are
communicated and veriϐied [3, 4, 16, 27].

Price also interacts with utilisation. Throughput
near nameplate capacity ampliϐies the beneϐit of any pos‑
itive price deviation because the higher margin is ap‑
plied tomore tonnes, while downtime erodes gains hour
by hour. This interaction explains why price and utilisa‑
tion consistently rank as ϐirst‑order drivers in densiϐica‑
tion TEA, with other levers (binder, labour, and mainte‑
nance) following behind [14, 15, 21].

Overall, Table 3 converts abstract sensitivity into
practical guidance. Protect unit margin, make the pre‑
mium defensible through routine QA, and keep the line
running close to planned output. Do these three things,

and the project moves decisively from borderline feasi‑
ble toward comfortably bankable.

Beyond market price effects, the analysis also con‑
siders a hypothetical carbon‑ϐinance layer. Life‑cycle
evidence indicates that SCG pellet/briquette pathways
can provide favourable environmental proϐiles relative
to conventional solid fuels when supply chains are lo‑
calised and drying energy is optimised, supporting the
plausibility of emission‑reduction claims under appro‑
priate accounting boundaries [11]. Although carbon rev‑
enue is not incorporated into the baseline cash‑ϐlow
model due to uncertainty in veriϐication and transaction
costs, the scenario provides a structured estimate of po‑
tential IRR uplift under low‑cost certiϐication pathways.

As summarised in Table 4, the baseline scenario at
IDR 4500/kg yields a borderline‑feasible ϐinancial pro‑
ϐile, withNPV= IDR73.52million, IRR=13.13%(slightly
above the 12% discount rate), Net B/C = 1.05, and a pay‑
back period of approximately 5.46 years. This outcome
mirrors typical results reported for small‑scale briquet‑
ting plants, where value creation depends on sustain‑
ing unit margin across a largely ϐixed annual through‑
put [14–16].

Table 4. Financial results (10 years, 12% discount).

Scenario Annual Sales
(IDR)

Operating CF
(IDR/yr) NPV (IDR) IRR (%) Payback

(yr) Net B/C

Baseline (IDR 4500/kg) 1,145,664,000 285,362,074 73,519,817 13.13 5.46 1.05
Low price (IDR 3500/kg) 890,072,000 — −1,068,705,549 — >10 <1
High price (IDR 5500/kg) 1,401,256,000 — 1,130,818,479 — <4 >1

The downside price scenario at IDR 3500/kg
is decisively uneconomic, producing a negative NPV,
Net B/C below one, and a payback period exceeding
the project horizon. Such outcomes are consistent
with techno‑economic evidence showing that when re‑
alised price approaches variable‑cost levels, IRR col‑
lapses and discounted payback becomes unattainable
in densiϐication systems with semi‑ϐixed cost struc‑
tures [14–16].

In contrast, the upside scenario at IDR 5500/kg
results in a strongly attractive investment proϐile, with
NPV exceeding IDR 1.13 billion, payback below four
years, and Net B/C comfortably above one. This “gear‑
up” response reϐlects the operating leverage inherent

in briquetting systems, where modest increases in re‑
alised price translate almost one‑for‑one into operating
cash ϐlow and discounted value when utilisation is main‑
tained [14, 15].

The plausibility of such a price premium is sup‑
ported by technical evidence. Experimental studies
consistently report that SCG briquettes can achieve
mid‑teens MJ/kg heating values, highmechanical dura‑
bility, and acceptable emissions under routine mois‑
ture and binder control, enabling household and
SME acceptance and supporting modest price premia
when coupled with quality assurance or bundled offer‑
ings [3, 4, 27].

Finally, incorporating conservative emission‑
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reduction factors suggests that carbon ϐinance could
further strengthen project economics. Assuming ap‑
proximately 1.4 tCO₂e avoided per tonne of briquettes
through charcoal displacement and 0.18–0.24 tCO₂e
avoided per tonne of SCG diverted from landϐill, the
annual output could yield on the order of 400 tCO₂e
of emission reductions. At indicative voluntary car‑
bon prices of USD 4–7 per tCO₂e, this corresponds to
potential gross revenues of approximately IDR 25–40
million per year. If veriϐication costs can be kept low,
discounted carbon revenue of this magnitude could in‑
crease NPV by roughly IDR 100–200 million and raise
IRR by an estimated 1–2 percentage points, shifting the
project from borderline feasible toward a more com‑
fortably bankable range without altering the physical
process [11].

3.6. Sensitivity Analysis and Operating
Guardrails

Table 5 conϐirms that project value is dominated
by unit margin and throughput. A ±20% swing in re‑
alised selling price shifts NPV by approximately ±IDR
1.0 billion, dwarϐing the effects of other levers. This oc‑
curs because the selling price directly affects the per‑
kilogrammargin applied to every tonne produced across
the full project horizon, generating large discounted ef‑
fects when compounded over time. Such sensitivity
rankings are consistentwith prior densiϐication TEA and
supply‑chain optimisation reviews where price and ef‑
fective utilisation are the principal determinants of bank‑
ability [14, 15]. See Figure 2 for a visual representation of
the NPV sensitivity to price changes.

Table 5. One‑factor sensitivity (ΔNPV vs. baseline).
Parameter Change ΔNPV (IDR)

Price+20% +951,568,796
Price −20% −1,006,430,816

Output+10% +204,813,855
Output −10% −204,813,855

Labor −20%/+20% +201,965,622/−201,965,622
Binder −20%/+20% +143,619,998/−143,619,998

Discount rate −2 pp/4+2 pp +144,708,547/−126,869,651

Figure 2. NPV sensitivity tornado (Δ vs. baseline).

By contrast, utilisation changes of±10% shift NPV
by roughly ±IDR 204.8 million because they scale the
operating annuity without changing per‑unit margin.

Labour and binder costs remain material because they
represent major components of variable cost, and their
control improves resilience; however, their NPV impact
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remains smaller than that of price in thin‑margin sys‑
tems [16, 20]. The discount rate also affects value materi‑
ally, reϐlecting ϐinancing and capital‑cost risk; integrated
TEA literature similarly reports that the cost of capital
shifts feasibility thresholds even when operations are
unchanged [21].

Two operating guardrails emerge from the sensi‑
tivity results: a price ϐloor around IDR 4430/kg and
a minimum daily output around 787 kg/day at the
baseline price. Practically, this implies two priorities.
First, protect realisedprice throughQA‑backed speciϐica‑
tions, simple offtake or subscription arrangements, and
clear communication of moisture and durability bands
to reduce price slippage. Second, sustain utilisation
near nameplate by stabilising moisture targets, ensur‑
ing consistent binder dosing, and prioritising preventive
maintenance to minimise unplanned downtime. These
levers align with prior ϐindings that maintaining stable
ϐlow and speciϐication compliance is the fastest route to
stronger economics in densiϐication systems [14–16, 20].

Because SCG briquettes can demonstrate mid‑teens

MJ/kg energy content, high mechanical durability, and
stable handlingwhenmoisture and binder are controlled,
the operational preconditions for holding price and util‑
isation are attainable under basic SOP‑based quality as‑
surance [3, 4, 27]. In that sense, the venture is “thin but
steerable”: disciplined pricing and uptime shift it from
borderline‑positive to more comfortably bankable.

3.7. Break‑Even Thresholds and Local Evi‑
dence

Table 6 translates the model into two practical op‑
erating thresholds. The break‑even price (NPV = 0) is
IDR 4430.46/kg, which is only about 1.55% below the
baseline assumed price of IDR 4500/kg. This narrow
gap indicates that evenmodest slippage in realised price
can push discounted value below zero, while a mod‑
est uplift can materially strengthen feasibility. This be‑
haviour is typical of compact densiϐication lines where
semi‑ϐixed annual costs mean that unit margin is ampli‑
ϐied over repeated production cycles [14, 15].

Table 6. Break‑even thresholds from the model.
Metric Value

Break‑even price (NPV = 0) IDR 4430.46/kg
Break‑even output (at IDR 4500/kg) 787/day

At the baseline price, the break‑even output is ap‑
proximately 787 kg/day, leaving only a small utilisation
cushion relative to the 816 kg/day design rate. Sus‑
tained throughput below this threshold erodes value be‑
cause ϐixed and semi‑ϐixed costs dilute operating mar‑
gin, whereas steady uptime increases NPV by strength‑
ening the operating annuity. This tight capacity mar‑
gin is consistent with densiϐication TEA evidence, where
reliable throughput and speciϐication compliance deter‑
minewhether small‑scale plants remain bankable under
realistic cost structures [15, 21].

Operationally, three actions follow. First, protect
the price ϐloor with QA‑backed speciϐications and sim‑
ple contracting tools so realised price does not drift
below IDR 4430/kg; durable handling quality and me‑
chanical integrity are central to maintaining that price
ϐloor, as shown in binder and durability research [16, 20].
Second, hold utilisation near design capacity by stan‑

dardising moisture targets, binder dosing and mixing,
press pressure and dwell time, and preventive main‑
tenance for dies and hydraulics, consistent with den‑
siϐication quality‑parameter reviews [20]. Third, reduce
daily‑output volatility through clustered collection prac‑
tices and short drying loops to stabilise feedstock han‑
dling and press scheduling. Moisture variability remains
a known operational drawback in briquetting systems
with direct implications for energy use and throughput
stability, so low‑cost moisture‑management practices
function as downside‑risk controls [22, 23].

These guardrails are credible because experimen‑
tal evidence indicates that SCG briquettes can maintain
high mechanical durability and acceptable combustion
behaviour when moisture and binder are routinely con‑
trolled through basic quality assurance, supporting sta‑
ble offtake at or above the break‑evenprice [3, 4, 27]. In dis‑
counted terms, disciplined pricing and dependable util‑
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isation operate as paired levers that move the project
from thin feasibility toward robust bankability, consis‑
tent with the ranking of drivers reported across densiϐi‑
cation techno‑economic assessments [14, 15, 21].

4. Discussion

The results support the central proposition of this
study that a compact spent coffee grounds (SCG) bri‑
quette line in West Aceh can be ϐinancially viable, but
only within a relatively narrow corridor deϐined by re‑
alised selling price and effective utilisation. Under base‑
line assumptions, the Net Present Value (NPV) is slightly
positive, the Internal Rate of Return (IRR) marginally ex‑
ceeds the 12% discount rate, and the Net Beneϐit–Cost
ratio (Net B/C) is just above unity. This ϐinancial pro‑
ϐile is characteristic of small‑ and medium‑scale densi‑
ϐication projects, in which value creation depends pri‑
marily on the ability to apply a stable unit margin re‑
peatedly across a largely ϐixed annual throughput rather
than on scale economies or technological sophistica‑
tion [14–16, 21].

The one‑factor sensitivity analysis reinforces this
interpretation by showing that modest deviations in re‑
alised price and utilisation dominate the NPV response,
whereas even relatively large changes in binder and
labour costs have smaller proportional effects. This pat‑
tern is consistent with established techno‑economic as‑
sessment (TEA) evidence for biomass briquetting and
pelletisation systems, which consistently identiϐies sell‑
ing price and uptime as ϐirst‑order drivers of bankabil‑
ity under semi‑ϐixed cost structures [14, 15, 21]. In practical
terms, this means that managerial attention should pri‑
oritise price discipline and throughput stability over in‑
cremental cost optimisation, particularly in MSME‑scale
operations where margins are thin.

These ϐindings align with broader techno‑
economic evidence on biomass briquetting systems,
which demonstrates that feasibility outcomes are highly
sensitive to feedstock characteristics, process stabil‑
ity, and market conditions. Recent assessments show
that moisture variability, feedstock handling losses,
and inconsistent utilisation can quickly erode ϐinancial
performance, even when baseline scenarios appear vi‑

able [22, 23]. The present study extends this evidence by
showing that SCG briquette ventures are not intrinsi‑
cally unviable, but rather conditionally bankable, with
realised price, utilisation, and moisture control emerg‑
ing as decisive variables shaping discounted cash‑ϐlow
outcomes in the West Aceh context.

From a technical perspective, the results reinforce
the growing consensus that SCG constitutes a credible
solid biofuel feedstockwhenprocessedunder basic qual‑
ity assurance. Experimental and applied studies con‑
sistently demonstrate that SCG briquettes can achieve
mid‑teens MJ/kg energy content, high mechanical dura‑
bility, and stable handling characteristics when mois‑
ture content and binder proportions are carefully con‑
trolled [3, 4, 27]. These attributes underpin reliable com‑
bustion behaviour and reduce breakage and ϐines during
handling and transport, which in turn support stable off‑
take and defensible pricing in household and SME mar‑
kets.

The linkage between technical performance and ϐi‑
nancial outcomes is particularly important in this con‑
text. Because the economic model is highly sensitive to
realised price, even modest improvements in briquette
durability and handling quality can have disproportion‑
ate ϐinancial effects if they enable the maintenance of a
price ϐloor or a small premium over lower‑quality fuels.
This helps explain why quality assurance, rather than
purely cost‑minimisation, emerges as a critical opera‑
tional lever in the ϐinancial model [16, 20]. In effect, techni‑
cal discipline translates directly into ϐinancial resilience
by stabilising both price realisation and utilisation.

From an environmental and sustainability stand‑
point, the discussion further highlights the relevance of
SCG briquetteswithin a circular bioeconomy framework.
Life‑cycle assessment evidence indicates that SCG pellet
and briquette pathways can deliver competitive or supe‑
rior environmental proϐiles compared with traditional
solid fuels when supply chains are localised and drying
energy is optimised [11]. In theWest Aceh context, where
SCG generation is geographically clustered around cafés
and small processing units, such localisation is opera‑
tionally realistic and strengthens the environmental ra‑
tionale for valorisation.

The results also intersect with broader circular‑
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economy and rural development objectives in coffee‑
producing regions. Evidence from Indonesian coffee
cooperatives shows that residue valorisation initiatives
can strengthen local economic resilience and reduce
environmental burdens when supported by appropri‑
ate organisational and market arrangements [12]. The
present study adds a ϐinance‑oriented perspective to
this literature by demonstrating how such circular‑
economy concepts become investable only when opera‑
tional discipline—particularly aroundmoisturemanage‑
ment, binder dosing, and utilisation—is translated into
predictable cash‑ϐlow performance.

Seasonal moisture variability emerges as a critical
contextual factor in this regard. The rainy‑season sce‑
narios show that relatively small increases in effective
variable costs, on the order of 8–10%, are sufϐicient
to push NPV towards zero and compress IRR towards
the hurdle rate. This behaviour mirrors ϐindings from
other briquetting TEAs, where thin margins are rapidly
eroded by higher drying energy requirements, handling
losses, or unplanned downtime [15, 21]. However, ϐield ob‑
servations in West Aceh suggest that low‑cost interven‑
tions, such as rain‑shelter drying racks, thinner drying
beds, and time‑windowed pressing (can materially re‑
duce moisture variability and rework). Viewed through
a discounted‑cash‑ϐlow lens, these practices function as
risk‑management tools rather than marginal technical
reϐinements, helping to reduce downside volatility dur‑
ing wet seasons.

The exploratory carbon‑ϐinance analysis adds a fur‑
ther layer to the interpretation of bankability. By com‑
bining conservative emission‑reduction factors for char‑
coal displacement and landϐill diversion with indicative
voluntary carbon prices, the study shows that evenmod‑
est carbon revenues could meaningfully improve dis‑
counted ϐinancial indicators, potentially lifting NPV by
IDR 100–200 million and raising IRR by 1–2 percentage
points [11]. While carbon revenue is treated here as an
upside option rather than a core pillar of feasibility, this
ϐinding suggests that improvements in monitoring, re‑
porting, and veriϐication (MRV) frameworks for small de‑
centralised projects could materially de‑risk borderline
SCG briquette ventures in the future.

Taken together, the discussion supports a three‑

pillar interpretation of bankability for SCG briquettes
in West Aceh. First, disciplined pricing and price‑ϐloor
protection are indispensable, given the narrow gap be‑
tween the break‑even price and the baseline assumption.
Second, dependable utilisation near the 816 kg/day de‑
sign capacity is necessary to amortise ϐixed costs, which
in turn depends on moisture management, preventive
maintenance, and labour organisation that minimises
idle time. Third, binder and labour optimisation, while
second‑order in the sensitivity ranking, provide addi‑
tional resilience when embedded in standard operating
procedures that reduce rework, ϐines, and wasted press
cycles. These pillars are fully consistent with the rank‑
ing of drivers reported across densiϐication TEAs and
with emerging practice in MSME‑scale biomass upgrad‑
ing systems [16, 21].

Several limitationsqualify this interpretation. First,
the ϐinancial model developed in this study is determin‑
istic and based on a single plant size, with uncertainty
addressed only through one‑factor sensitivity analysis.
Deterministic models, while useful for initial feasibility
screening, often fail to capture the full range of vari‑
ability in key parameters such as feedstock availabil‑
ity, pricing, moisture content, and labour costs; in con‑
trast, stochastic or scenario‑based approaches explicitly
model the joint variability of multiple uncertain factors,
providing amore robust assessment of techno‑economic
performance under real‑world conditions [28]. Stochas‑
tic optimization has been shown to outperform conven‑
tional approaches by incorporating uncertainties simul‑
taneously within supply chain network design, leading
to more resilient and realistic decision outcomes [29].

Moreover, the discussion of multi‑plant conϐigura‑
tions remains qualitative andwouldbeneϐit fromexplicit
spatial optimisation modelling. Spatial optimisation
methods, including GIS‑based multi‑criteria planning
and geographic optimisation of facility locations, can im‑
prove overall supply chain efϐiciency by identifying opti‑
mal plant siting and transport cost trade‑offs across het‑
erogeneous biomass availability landscapes [30]. With‑
out such spatial analysis, qualitative discussions risk
oversimplifying complex geographic and logistical inter‑
actions that inϐluence system cost and performance.

In addition, the carbon‑ϐinance layer remains hy‑
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pothetical, with further empirical work needed to quan‑
tify MRV (Measurement, Reporting, and Veriϐication)
costs, additionality, and permanence—critical elements
in the credibility of carbon creditmechanisms for renew‑
able projects. Challenges such as lack of permanence,
non‑additionality, and limitedMRV standards have been
identiϐied as major obstacles for carbon contracting and
carbon farming projects, reducing incentives and affect‑
ing market credibility [31]. Robust MRV protocols are es‑
pecially important for small‑scale biomass or bioenergy
projects where measurement uncertainties can be pro‑
portionally larger [32].

Finally, although the analysis focuses primarily on
ϐinancial metrics, it does not yet address broader distri‑
butional outcomes such as employment effects or house‑
hold energy security. Renewable energy and bioenergy
deployment have been linked with socio‑economic out‑
comes, including job creation, income effects, and en‑
ergy access improvements, yet these impacts are often
under‑quantiϐied in traditional techno‑economic assess‑
ments [33]. For example, ex‑ante studies of bioenergy
indicate that employment, income, and energy security
effects are important socio‑economic dimensions that
warrant explicit inclusion in comprehensive project eval‑
uations.

5. Conclusions

This study examined whether a compact spent cof‑
fee grounds (SCG) briquette production line in West
Aceh can be ϐinancially bankable under realistic local
conditions. The core conclusion is that the project is con‑
ditionally feasible. Under baseline assumptions, it deliv‑
ers a thin but positive Net Present Value (NPV), an In‑
ternal Rate of Return (IRR) slightly above the 12% dis‑
count rate, a Net Beneϐit–Cost ratio (Net B/C)marginally
greater than one, and a mid‑horizon payback period.
However, ϐinancial viability depends critically on main‑
taining a narrow corridor of realised selling price and ef‑
fective utilisation. In this sense, SCG briquettes are not
a guaranteed investment outcome, but they can become
ϐinancially attractive when basic commercial and opera‑
tional discipline is consistently applied.

From a technical standpoint, the ϐindings indicate

that SCG briquettes can achieve fuel performance com‑
parable to, or better than, conventional biomass fuels
for household and SME stoves when moisture content
and binder ratios are properly controlled. Mid‑teens
MJ/kg energy content, high mechanical durability, and
acceptable combustion behaviour provide a credible ba‑
sis for modest price premia over lower‑quality fuels.
The discounted cash‑ϐlow and sensitivity analyses clar‑
ify how these technical attributes translate intobankabil‑
ity: protecting unit margin through price‑ϐloor manage‑
ment, sustaining throughput near the 816 kg/day design
capacity, and tightening control over binder and labour
costs together shift the project from borderline‑positive
toward more robust ϐinancial performance.

The analysis also yields context‑speciϐic insights
relevant to circular bioeconomy strategies in coffee re‑
gions. In West Aceh, café‑cluster geography favours de‑
centralisedornetworkedproduction conϐigurations that
shorten collection distances, reduce moisture‑related
losses, and stabilise feedstock supply. Seasonal mois‑
ture variability emerges as a non‑trivial operational risk,
but one that can be mitigated through low‑cost prac‑
tices such as rain‑shelter drying racks, thinner drying
beds, early‑morning pressing windows, and disciplined
binder dosing. Exploratory carbon‑ϐinance calculations
further suggest that, if monitoring and veriϐication costs
can be contained,modest carbon revenues could lift NPV
and IRR sufϐiciently to materially de‑risk otherwise bor‑
derline projects.

In the broader context of energy transition and
rural development, these conclusions highlight SCG
briquettes as a practical circular‑economy instrument
rather than a purely conceptual solution. By diverting
SCG from landϐill or open dumping and partially displac‑
ing charcoal and fuelwood use, the venture integrates
waste management, local energy security, and climate
objectives within a single MSME‑scale model. Impor‑
tantly, the results demonstrate that success hinges less
on advanced technology and more on clear operating
guardrails and simple, enforceable routines related to
pricing discipline, utilisation, and quality assurance.

Finally, the study identiϐies clear directions for fu‑
ture research and policy. More detailed spatial and
stochastic modelling could reϐine comparisons between
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single‑plant and multi‑plant conϐigurations and better
capture joint variability in price, feedstock availability,
andmoisture. Integrating life‑cycle assessment, local air‑
quality impacts, and socio‑economic outcomes would
broaden evaluation beyond ϐinancial metrics alone. For
policymakers and practitioners, the key message is
straightforward: if realised price, utilisation, and basic
quality assurance can be jointly safeguarded, SCG bri‑
quetting in West Aceh can move from a thin feasibility
margin to a robust and scalable component of regional
circular‑bioeconomy strategies.
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Figure A1. The moisture sensitivity curve applied in the seasonal cost modelling framework.

Figure A2. An alternative three‑plant network layout for café clusters in West Aceh.

Figure A3. Replicate durability test results for SCG briquettes under different binder dosages.
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Table A1. The parameter ranges used in the binder–labour optimisation scenarios.
No. Parameter Range

1. Binder percentage 6.5%–8.5%
2. Moisture content 48%–65%
3. Press pressure 50–75 bar

Table A2. An extended comparison of CAPEX and OPEX components between single‑plant and multi‑plant conϐigurations.
No. Component Single‑Plant Multi‑Plant

1. CAPEX (IDR) 1,500,000,000 2,000,000,000
2. Fixed OPEX (IDR/year) 150,000,000 180,000,000
3. Variable OPEX (IDR/kg) 2415 2000
4. Maintenance costs (IDR) 25,000,000 30,000,000

Equation (A1) presents the discount‑factor compu‑
tation formula applied in the cash‑ϐlow analysis:

DFt =
1

(1 + r)t
, r = 0.12 (A1)
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