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Poor sanitation & hygiene

Health impacts Environmental impacts

Economic impacts

Many inter-dependent factors
- Environmental

- Human
- Policy

- Financial
- ….etc



FSM
stakeholders

Government;
sanitation

service
provider

Policy
makers

Agricultural

Technology
developers

Business

Funders /
investors

How often
to empty?

Best pit size?

Decentralisation

Where to
target
efforts?

Benefit of
using sludge
endproduct?

What
process to
target?

Impact of
sludge
properties on
profitability?

Increasing
endproduct
value

Setting
fees

What
business
model?

Highest
“rate of
return”?

Which
process?



Modelling sludge quantity & characteristics, costs
& revenues through the FSM system

Changing
costs &

revenues

Changing sludge characteristics
(solids, nutrients, calorific value,

pathogens)

Changing sludge
quantity

Emptying Conveyance Treatment Reuse / end
disposal



Scope of model
• Excel spreadsheet
• On-site sanitation

– Pits
– Septic tanks
– Urine diversion

• Sludge removed off-site
• Multiple options for each stage of FSM chain
• Outputs

– Financial
– Non-financial



Modular
structure

PIT

EMPTYING

CONVEYANCE

STORAGE

PRE-TREATMENT

TREATMENT

ENDPRODUCTS

ENDPRODUCT
VALUATIONCASH FLOWS



Human-powered:
manual

Human powered:
improved manual –

e.g. Gulper, eVac

Small vacuum tanker Large vacuum tanker

4 emptying options



7 conveyance options & combinations of these

Container on
handcart

Pick up truck
with containers

Small vacuum
tanker

Large vacuum
tanker

Intermediate
storage tank

Transfer station –
liquid connection to

sewer

Sewer discharge
station

Example combination:



LaDePa (Latrine
Dehydration

Pasteurisation)

Combustion Landfill (‘do
nothing’ option)

Treatment

Photo/Evan Schneider

PELLET
PRODUCT

ASH
PRODUCT



Model



Model navigation



Model navigation
60+ calculation worksheets



For model user:
INPUTS worksheet



INPUTS worksheet
Rates



INPUTS worksheet
Vehicle costs



INPUTS worksheet
Conveyance costs



INPUTS worksheet
Conveyance options



INPUTS worksheet
Treatment parameters



~2000 inputs to model
(but do not need to enter all!)



RESULTS worksheet
Local Currency



RESULTS worksheet
US dollars



RESULTS worksheet
Non-financial outputs



Enter inputs:
own data +
reference

values

Outputs:
first

estimates

Sensitivity
analysis:
what is

important?

Optimisation:
input-output
relationships

Outputs:
financial &

non-financial

Using the model

eThekwini (South Africa) example –
show type of information model can
produce

NOTE – Figures quoted are model case-
specific, not generalised values!



eThekwini first estimate outputs:
LaDePa cost > incineration > landfill

Total cost of sludge disposal (emptying, conveyance and processing via chosen
route)

LaDePa Combustion Landfill

Levelised cost of pit-
emptying & sludge
disposal per dry tonne FS

1 150 1 100 1000 USD / dry
tonne FS

Levelised cost of pit
emptying & sludge
disposal per pit

380 360 330 USD / pit

Levelised cost to produce
product

1 230 2 100 N/A USD / tonne
product



Sensitivity - what has greatest impact on costs?
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eThekwini - optimisation

• What input conditions
can be changed?

• How can input
conditions be changed
to minimise the cost
of FSM (or cost of one
method over
another)?



Pit emptying cycles > 3 years length
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Pit emptying cycles > 3 years length
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Produce drier sludge in pits

CONSTANT TOTAL MASS OF SOLIDS IN
PIT; WATER MOVEMENT IN/OUT
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eThekwini – minimising cost of FSM

• Maximise no. of households
included

• Longer pit emptying cycles
• Minimise sludge

accumulation rates
– Solid waste; pit drainage

• Match %DS required for
treatment to %DS obtained in
raw sludge

• Optimise decentralisation of
treatment plants



Endproduct values – how significant?

• Product valuation: Partial Budget
Analysis

• For a specific crop, soil & distance
to market, what price makes a
sludge end-product competitive
with a conventional fertiliser?
– NPK content
– Distance to market
– Fertiliser application costs

• Increasing endproduct value by
changes to FSM chain



Limitations & future work
• Improve input data:

– Sludge, LaDePa pellet & ash
properties

– LaDePa & combustion operational
data

– Other locations
• User interface

• Refine the model:
– Predicting endproduct

composition & value from
feed sludge data

– Monetising micro-nutrient
& carbon benefits

– Develop combustion
module; energy recovery

– Determine optimal
conditions for LaDePa &
combustion

– Value of ash - construction
material

• Link to other FSM modelsLaDePa plant



Project outputs
• Spreadsheet model
• Report:

– Guide to using the model
– Application to eThekwini

• FSM data sets
– Durban, South Africa: majority dry pits
– Dakar, Senegal: majority septic tanks

• All available for use
rscottingham@cantab.net

http://prg.ukzn.ac.za
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Supplementary slides
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Calculation of SI_N

• SI_I = (I_max – I_min) / I_max
• SI_D = (D_max – D_min) / D_max
• SI_N = SI_D / SI_I



Managing contractor

Operational costs,
establishment cost,
monthly costs,
markup

EWS business model

Emptying

Conveyance

Storage

Pre-treatment

LaDePa

LaDePa
product sales

Pit-emptying sub-
contractor(s)

Costs + markup

EWS

Pellet sales / disposal

Sludge flow

Money flow


