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WHITE PAPER

Restoring Urban Dignity:

A Circular Economy Approach to Container-Based
Sanitation

Transforming a public health challenge into a circular economy solution for urban
hygiene, improved crop yields, and soil regeneration through Biochar integration.
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Executive Summary

This paper explains a simple but powerful system for managing human waste in urban
areas where regular sewers cannot be built. The system uses sealed containers to collect
waste, and adds biochar (a type of charcoal made from organic material) at every step.
Biochar keeps smells down during collection and then locks in nutrients when the waste is
processed. The end result: human waste goes from being a health problem and a cost to a
product that farmers actually want to buy.

Core Value Proposition

Every 1tonne of raw CBS waste processed produces about 450 kg of nutrient-rich
organic fertilizer. That generates a net profit of around 8,800 KES per cycle. In short:
sanitation pays for itself, destroys disease-causing germs, and stores carbon in the
soil for hundreds of years.

01 The Challenge: Urban Sanitation Gaps

In rapidly growing urban informal settlements, traditional sewered infrastructure is often
impossible to install due to land issues, high cost and water scarcity. Millions of urban
residents are left without access to safe, dignified sanitation, which is a gap that drives
disease, environmental contamination, and social inequity.

The CBS Solution

Waste is captured in sealable, removable containers and transported to local treatment
facilities located within a few hundred meters — eliminating the need for fixed underground
infrastructure entirely.

The Challenges This System Solves

Pathogens: High-temperature processing ensures 100% sterilization, removing the
health risks found in raw sludge or "cool spots" in traditional composting.

Odor Control: Biochar acts as an instant physical cover and chemical adsorbent,
neutralizing smells and deterring flies at the household level.

Logistics Cost Savings: Thermal processing removes 800 kg of water per tonne of
waste, reducing volume by up to 90% and slashing the cost of transport and storage.
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Sustainable Revenue Generation: By turning a "waste burden" into a baggable
fertilizer worth 30 KES/kg, the system generates a net profit of 8,800 KES per tonne
processed.

02 The Conversion Process

The system works in four clear steps. Each step can be run at the community level using simple,
affordable equipment. No advanced technology or specialized training is required.

1 2 3 4
Collect and Take to Station
Separate

Heat and Sanitize

Urine and feces go in
separate containers.
Biochar is added after
each use to block
odors.

Sealed containers are

swapped weekly. No

smell, no mess during
transport.

>

Waste is heated to
350-600 degrees C. All
germs are killed in 24

to 48 hours.

>

Add Nutrients

The biochar soaks up
diverted urine, locking
in nitrogen, potassium,

and phosphorus.

Figure 1: The Four Steps of the CBS-Biochar System

After step 4, all germs are gone. The key nutrients that plants need, which are nitrogen (N),
potassium (K), and phosphorus (P), are fully preserved inside the biochar. The final product is a
safe, stable fertilizer that is ready to bag and use on farms.
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Figure 2: How the CBS-Biochar Cycle Works
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03 Mass Balance: Where Does 1 Tonne Go?

Fecal sludge carries a high moisture content of approximately 75-80%. This process
leverages thermal energy to eliminate pathogens while simultaneously concentrating
nutrients. The breakdown for 1,000 kg (1 tonne) of raw CBS waste is as follows:

Input / Output [o]VE1,1411Y% Notes

Raw CBS Waste Input 1,000 kg Starting point: raw fecal sludge at 75-80%
moisture content

Evaporated Water -800 kg Removed during heating and torrification
phase

Biochar Yield 200 kg Sterile, porous carbon product; mixed with
original biochar substrate

+ Urine Addition +300 L Diverted urine adsorbed into biochar pores
— NPK nutrients locked in

Total Fertilizer Yield =450 kg Enriched mineral-organic fertilizer per
tonne of raw material; ready to bag and
sell

Table 1: Mass Balance Summary — 1 Tonne Input Cycle

04 Technical Comparison: Composting vs. Pyrolysis

To evaluate the effectiveness of the biochar approach within CBS systems, the table below
compares the two primary methods for processing human waste into agricultural inputs.
The pyrolysis pathway demonstrates clear advantages across every key performance
criterion for urban informal settlement contexts.

Traditional Thermophilic

Biochar Pyrolysis (Proposed)

Composting
Pathogen Variable; depends on maintaining Absolute. Temperatures of 350°C-600°C
Elimination | 55°C+ for 15+ days. Susceptible to "cool = ensure 100% sterilization with no
spots" and inconsistent sterilization. exceptions.
Processing 3 to 9 months, including extended 24 to 48 hours, including solar drying —
Time curing period. over 50X faster.
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Volume 40%-60% reduction in material 80%-90% reduction; dramatically lowers
Reduction volume. storage and transport costs.
Nutrient High nitrogen loss through ammonia High nutrient capture. Biochar acts as a
Retention volatilization and leaching during a molecular "sponge" for nitrogen and
long process. other nutrients.
Carbon Labile carbon that degrades in soil Refractory carbon that remains
Stability within 1-5 years. sequestered for hundreds to thousands
of years.
Odor & Significant risk of odors and disease Minimal. Thermal process is enclosed,;
Vector vectors (flies, rodents) if piles are not biochar adsorbs odors at point of
Control managed perfectly. collection and during storage.

Table 2: Composting vs. Pyrolysis — CBS Processing Pathway Comparison

05 Estimated Chemical Composition (NPK Profile)

The resulting biochar-based fertilizer acts as a "soil battery," holding nutrients in the root
zone and preventing leaching.

Estimated
Value (%)

Role in Regenerative Agriculture

Nitrogen (N) 2.0% - 4.5% Sourced primarily from urine-charging; the key driver of
vegetative growth and chlorophyll production.

Phosphorus 1.0% - 2.5% Concentrated in the biochar from fecal matter; essential for

(P) root development, flowering, and energy transfer.

Potassium 1.0% - 2.0% Improves drought resistance, water regulation, and overall

(K) plant resilience to stress.

Carbon (C) 40% - 60% Highly stable refractory carbon; provides long-term carbon
sequestration, soil structure improvement, and microbial
habitat.

Table 3: NPK & Carbon Profile of CBS-Biochar Fertilizer

06 Economic Estimates (Per 1 Tonne Cycle)

The following analysis demonstrates the commercial viability of CBS-biochar operations at
the community scale. All figures are denominated in Kenyan Shillings (KES) and based on a
facility serving approximately 200 people, processing 1tonne of raw material per week.
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Logistics & Collection 3,500 Weekly container swap and transport to
processing station

Processing Costs 1,200 Drying labor and pyrolysis fuel/energy
inputs

TOTAL COSTS 4,700 Per tonne of raw material processed

Fertilizer Revenue 13,500 450 kg yield x 30 KES/kg — bagged

mineral-organic fertilizer

NET PROFIT 8,800 Per tonne of waste processed — a ~65%
profit margin

Table 4: Economics Summary — Per 1 Tonne Processing Cycle (KES)

Capital Expenditure (CAPEX)

Equipment required: 3 metal containers per household (collection + cover biochar) and a batch
pyrolyzer (TLUD or retort style). Estimated CAPEX for a facility capable of processing 1 tonne
per week, serving ~200 people: 250,000 KES. Payback period at net profit of 8,800 KES/week =
28 weeks.

07 Conclusion: From Waste to Value

By integrating biochar into Container-Based Sanitation, this model moves decisively
beyond the paradigm of "disposal" toward genuine "resource recovery." The system is not a
theoretical concept - it builds on proven technologies (CBS, pyrolysis, biochar nutrient
loading) and assembles them into a coherent, commercially self-sustaining operational
model.

The four-pillar value proposition is clear and measurable:

Public Health: 100% pathogen elimination through thermal processing at high
temperature so no reliance on time, temperature monitoring, or operator skill for
safety

Environmental: 80-90% volume reduction; carbon sequestration measured in
centuries, not years; prevention of groundwater contamination from open defecation
Speed: Waste processed into safe, marketable fertilizer in 24-48 hours, versus 3-9
months for composting
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Farmer Value: A high-performance, slow-release mineral-organic soil amendment
that restores depleted, degraded lands and reduces synthetic fertilizer dependency

The Opportunity

Urban sanitation and agricultural soil degradation are two of the most pressing
development challenges in Sub-Saharan Africa. This model addresses both
simultaneously — at the community scale, with accessible technology, and with a
business model that generates profit rather than requiring subsidy.

Restoring Urban Dignity: A Circular Economy Approach to Container-Based Sanitation
© 2026 - All rights reserved
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