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Economic impacts

Health impacts Environmental impacts

Poor sanitation & hygiene

Many inter-dependent factors
- Environmental
- Human
- Policy
- Financial
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Scope of model

 Excel spreadsheet
e On-site sanitation
— Pits
— Septic tanks
— Urine diversion

 Sludge removed off-site
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2
3 2.3.1 Human-powered emptying - buckets & shovels and/or hand pump
4 Cash flows for emgtying anc Conveyance stage 1
5
6 Emptying method chosen (option number) 1 601to selection for Emptying methed
7 Emptying method Human-powerec ems ckets & srovels or handpuma
3 Stage 1Conveyance option chosen (ogtion number) 2 50 to celection for Convevance Staze 1 methed.
9 Conveyance 1 method Pick-up truck with containers of sludge
Tghlightec ir red wher error exists I human-pawersd emptying (1) chosen =5 emptying
method, Conveyance 1 method may only be Hanccart

10 (1) or Pick up trun (2]
1
2
13 Parameter Value Unit Reference Notes User comments
i
15 Capital and start-up costs
16 s Conveyance Stage 1 equipment purchased? Yes Enter Yescr o

Capital cost of basic emptying equipment requi 20000.00 LCU / tear

one tear (buckets, shovels, protective clthirg etc] for
7 entire cit-emptying cycle
18 Capital cost o one henc-pump - Loujteam Gulper, eVac
19
0 Conveyznce Stage 1 capitel costs for ane tearr 18112000 LCU / tearr
n
2 Capital and start-up costs
» Total cagitz! cost of equipment for all teams 301630000 LCU

Capital cost o land and ulcing for equipment storage T applicatle if purchased. f storage space s rented,
u and ofice melete rental costs Instead,

Once-off fes for pemits, EIAs etc for emptying ard 200000 LCU Specify what makes ug this amount
2 conveyance Stage 1 operation
2% TOTAL CAPITAL & START-UP COSTS 301830000 LCU
7
28 M costs
K4 > o FRSSUEUSDY Rates 1.1 Pt condtons 1.0 Estimate FS propertiss 2 1 Emotyng 2.2 Wethod croce | 2.3.1 Human-powered 2.3.2 Smal vacwm {14
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* Multiple options for each stage of FSM chain

e Outputs
— Financial
— Non-financial
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4 emptying options

Human-powered: Human powered:
manual Improved manual —
e.g. Gulper, eVac

Small vacuum tanker Large vacuum tanker



[ conveyance options & combinations of these

Container on Pick up truck Small vacuum Large vacuum
handcart with containers tanker tanker

Intermediate Transfer station — Sewer discharge
storage tank liquid connection to station
sewer

Example combination:




Treatment

LaDePa (Laftrine Combustion Landfill (‘do
Dehydration nothing’ option)
Pasteurisation)
PELLET ASH

PRODUCT PRODUCT
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MAIN MENU ‘ INPUTS ‘ 2.1 Pit emptying
1
2
3 2.3.1 Human-powered emptying - buckets & shovels and/or hand pump
4 Cash flows for emptying and Conveyance stage 1
5
6 Emptying method chosen (option number) b Go to selection for Emptying method
7 Emptying method Human-powered emptying: buckets & shovels or handpump
8 Stage 1 Conveyance option chosen (option number) 2 Go to selection for Conveyance Stage 1 method.
9 Conveyance 1 method Pick-up truck with containers of sludge
Error check - highlighted in red when error exists Error! If human-powered emptying (1) chosen as emptying
method, Conveyance 1 method may only be Handcart
10 (1) or Pick up trup (2)
1]
12
13 Parameter Value Unit Reference Notes User comments
14
15 Capital and start-up costs
16 Is Conveyance Stage 1 equipment purchased? Yes Enter Yes or No
Capital cost of basic emptying equipment required for 20 000.00 LCU /team
one team (buckets, shovels, protective clothing etc) for
17 entire pit-emptying cycle
18 Capital cost of one hand-pump - LCU/team e.g. Gulper, eVac
19
20 Conveyance Stage 1 capital costs for one team 181 120.00 LCU /team Go to Conveyance inputs
21
22 Capital and start-up costs
23 Total capital cost of equipment for all teams 3016 800.00 LCU

Capital cost of land and building for equipment storage
24 and office

Once-off fees for permits, ElAs etc for emptying and

I conveyance Stage 1 operation

26 TOTAL CAPITAL & START-UP COSTS

27

28 O&M costs

{4 > M Results USD™~ Rates -~ 1.1 Pit conditions

1.2 Estmate FS properties

- LCu
2 000.00 LCU

3018 800.00 LCU

2.1 Emptying "2.2 Method choice

2.3.1 Human-powered

Applicable if purchased. If storage space is rented,
complete rental costs instead.

Specify what makes up this amount

il

2.3.2 Smal vacuum
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13 7. List full references [ bibliograp
14 8. The 'Template Notes' column g
15 9. User comments provides space ]
: For model user
17 Links to inputs for different mod u
18
19 1. Pit conditions
20 2. Emptying I N P T
21 3. Conveyance W r t
22
23 4. LaDePa Storage
24 5. LaDePa pre-treatment T T T L e I ST U TETTE
25 b. LaDePa process 13. Combustion process
26 7. LaDePa product 14. Combustion product
27 8. LaDePa by-product 15. Combustion by-product
28 9. LaDePa cost calculations 16. Combustion cost calculations
L
30 18. Service provider costs
31 19. Product valuation
32 20. Crop application
33
34
35
36 Location eThekwini municipality, South Africa
37 Date made 2013/09/15
38
39
40 Rates
41 Parameter Value Unit Reference / source Template notes User comments
42
43 Financial
44 Local currency South African Rand ZAR Name and units are inputs
45 Exchange rate Local currency -USD 10 Local currency / USD

Escalation rate on O&M costs and revenues, 6 %
46 excluding fuel
47 Escalation rate on fuel 12 %
48 Interest rate on debt 9%
49 Debt proportion in debt:equity ratio 70 %
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35
36 Location eThekwini municipality, South Africa
37 Date made 2013/09/15
38
39
40 Rates
41 Parameter Value Unit Reference / source Template notes User comments
42
43 Financial
44 Local currency South African Rand ZAR Name and units are inputs
45 Exchange rate Local currency -USD 10 Local currency / USD
Escalation rate on O&M costs and revenues, 6 %
46 excluding fuel
47 Escalation rate on fuel 12 %
48 Interest rate on debt 9%
49 Debt proportion in debt:equity ratio 70 %
50 Discount rate 8 %
51 Income tax rate 28 %
Lifetime used to caculate depreciation rate for 20 years
52 civils
Lifetime used to calculate depreciation rate for 10 years
5a large mechanical items Large mechanical item: e.g. vacuum tanker
Lifetime used to calculate depreciation rate for 5 years
54 small mechanical items
55 Terminal value of assets 10 % of initial value
56 Cost of general landfill
57 Cost of hazardous landfill
58
: workshee
60 Consumables
61 Gasoline
62 Diesel
63 Water
64 Vehicle oil a e S
65
66
67 Vehicles
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Pick up truck capital cost 175000 LCU Department of Agriculture
Machinery Guide 2011. 3000
cc 1 tonne club cab diesel pick
73| =
74
75 Average travel spe I S S
Fuel consumption f
Wrachinery guiae 2010 -2011:
76 | 9.5 L/100 km
Qil consumption for vehicle 1 % of fuel consumption Dept. of Agriculture
77| Machinery guide 2010 -2011
78 |
Price of set of tyres 5339.00 LCU/ set Dept. of Agriculture
Machinery guide 2010 -2011:
R4751.75 2011 price, R5339
79 | 2013 price
Distance for which new set of tyres lasts 50 000 km Dept. of Agriculture
80 | Machinery guide 2010 -2011
Equipment repair and maintenance cost over 50 % Dept. of Agriculture Used to calculate repair and maintenance
81 | lifetime Machinery guide 2010-2011  km
82 | Lifetime of vehicle 5 years Used to calculate depreciation rate for vel
Vehicle life (distance for accounting purposes) 160 000 km Dept. of Agriculture Used to calculate repair and maintenance
83 | Machinery guide 2010-2011  km
84 | Repayment period for debt 3 vyears Debt for capital borrowed to buy equipme
85 | Vehicle insurance cost 3.5 % of purchase price [ year
Vehicle licence 482.00 LCU /[ year Dept. of Agriculture
| - - Machinery guide 2010 -2011
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297
298 2.3 - Emptying & Conveyance Stage 1 input data
299
300 User notes
301 1. The Emptying and Conveyance 1 options chosen under 2.1 (above) will be those used by the model to calculate the overall cash flows for sludge management
302 2. You are only required to fill out the data sheets corresponding to the Emptying and Conveyance 1 options chosen above
303 3. To view the cost comparison of emptying methods on Sheet 2.4 you must also fill out the data sheets for all other Emptying methods and their corresponding Conveyance Stage 1 method that you want to col
304
305
306 2.3.1 - Human-powered emptying parameters: buckets & shovels and/or hand-pump
307
308 -}s the section required data? Yes If No, go to section 2.3.2
309
310 Parameter Value Unit Reference Template notes User comments
311
Conveyance Stage 1 method 2 Choice of:
1. Handcart with containers of sludge

317 2. Pick-up truck with containers of sludge
313 Conveyance Stage 1 method Pick-up truck with containers of sludge
314
315 Capital & startup costs

Emptying equipment only: Capital cost for one 20 000.00 LCU /team

team (buckets, shovels, protective clothing etc)

If equipment is rented, not purchased, complete
hire cost instead.

316
Is Conveyance Stage 1 4

INPUTS worksheet

Capital cost of one han
318

Once-off fees for permi|
319 and conveyance Stage 1

Conveyance costs

321 O&M costs
Yearly cost of health &

permitting for all team
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B208 A = _ Emptying of pits & conveyance of sludge
..... A B C D E F
208 Emptying of pits & conveyance of sludge Go to top
209
210 1. Pit is emptied
211 2. Sludge is transported by one or more methods of conveyance (Conveyance Stages 1 - 4)
212 3. Sludge enters a storage tank facility at the LaDePa or combustion process site.
213
214
Emptying Choice of 3 emptying Emptying methods:
methods
1. Human-powered: bucket & shovel or ha
2. Motorised: small vacuum tanker
3. Motorised: large vacuum tankerr
215
216 \
Conveyance Stage 1 Conveyance Stage 1 must be Conveyance methods:
217 completed. Stages 2 - 4 are
optional - only applicable if 1. Hand-cart with containers of sludge
2 w4 several forms of transport 2. Pick-up truck with containers of sludge
219 Conueyance Hope 2 are used, e.g. handcart for 3. Small vacuum tanker
initial transport stage in a 4. Large vacuum tanker
220 b d 4] £ ol A B E £ ol HoS diatatarage,
Conveyance Stage 3
INPUTS worksheet
222 Jiquid
Conveyance Stage 4
223 n
Conveyance options
Storage
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B1261 - F= | 6-LaDePa process
| A | B | c D E F
1263
1264 Parameter Value Unit Reference Notes User comments
1265
1266 Actual pre-treated feed properties
Average daily volumetric feed rate per LaDePa 6m/ day / plant Pers. comm. EWS 4 March
plant 2013 - operational
experience in previous pit-
emptying cycle, but not
measured directly at the
1267 plant.
1268
1269 LaDePa operational parameters
Mumber of LaDePa plants required 4.66 No. Assumes that sludge can be processed by
1270 LaDePa in the years between pit-emptying cycles
Mumber of LaDePa plants in operation 5.00 No. Choose based on the number of LaDePa plants
required, and the desired timeframe for
processing all the sludge produced. The most
economic option is to round up the calculated
number of plants required. A higher number of
1271 plants will reduce processing time.
1272 Length of pit emptying cycle 5.0 years
1273 MNumber of years between pit emptying cycles 0.0 years
Mumber of years required to process all sludge 5.0 years If the number of plants is set very high, then the
from one pit-emptying cycle limiting factor is the number of years of sludge
o TN L ool o "
1274
1275
1276 Plant data r m n r m r
Plant size (design feed rate of sludge)
1277
Design average feed solids
1278
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1366

1367
1368
1369
1370/
1371
1372

1373
1374

1375

1376

1377
1378

1379
1380

Wa

Sample price 1

Value of pellets based on

Calculate price of pellets | nutrient content of LaDePa

that results in equal costs pellets alone

forlaDePa and

~2000 inputs to model

(but do not need to enter all!)
Summary table of calculatel
LaDePa pellets based on inorganic fertiliser nutrient 480 LCU/tonne
prices
LaDePa pellets based on organic fertiliser 1 nutrient 3578 LCU/tonne
content and markup rate
LaDePa pellets based on organic fertiliser 2 nutrient 2114 LCU/tonne
content and markup rate
LaDePa pellets based on the calculated sale price for -833 LCU / tonne Maximum limit on sale price to enable cor
their application to have the same overall costs as with inorganic fertilisers. If negative LaDel
conventional inorganic fertiliser application are not competitive.
LaDePa pellets based on the calculated sale price for 175 LCU / tonne Maximum limit on sale price to enable cor
their application to have the same overall costs as with organic fertilisers. |If negative LaDeP:
conventional organic fertiliser application are not competitive.
LaDePa pellets based on their calorific value 102 LCU /tonne
Ash based on inorganic fertiliser nutrient content 359 LCU/drytonne
prices
Ash as a construction material LCU / dry tonne
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i
2 RESULTS - LOCAL CURRENCY UNITS (LCU)
= | 1
il Currency: LCU
5
6 LaDePa Combustion Landfill {base case) Units Comments
I
Number of households served per pit emptying cycle 35000 Total number per pit-emptying
8 cycle
Sludge removed from pit emptying area during pit 2294 Tonnes dry solids / year Includes detritus
9 emptying cycle
Planning horizon 10 20 10|years This is the period that L
cash flow sheets and thi
10 for.
11
12 Total cost of sludge disposal [emptying, conveyance and processing via chosen route)
- Is the cost of emptying and conveyance included? Yes Yes Yes
Levelised cost of pit-emptying & sludge disposal per dry 11 473 10 947 9 955 [LCU / dry tonne FS Includes managing conti
tonne FS provider costs. Based or
14 t the LaC
Levelised cost of pit emptying & sludge dig Eing conti
15
Levelised cost to produce product WO r S e e (asis - it
ombustio
16 ractor cos
17
Total initial capital investment in LaDePa |e-treatme
process (excludes emptying & conveyance stion pro
18 al
19
20
21 NPV
Project IRR #NUM! #NUM! #NUM! % Array must contain at le
22 one negative value for Il
1 Emuidwe |IDD £niLinal Hanal ALIA (=74 Arrane mouct P Tt |
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Using the model

Enter inputs: Sensitivity

Outputs:

own data + analysis:

first :
reference estimates what is

values important?

iInput-output
relationships

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

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

Optimisation:

Outputs:

financial &
non-financial




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- 1150 1100 1000 USD/dry

emptying & sludge tonne FS

disposal per dry tonne ES

Levelised cost of pit 380 360 330 USD / pi

emptying & sludge >
_disposal per pit

|

w

Levelised cost to produce 1230 2100 N/A  USD/tonne
product product




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

e \What input conditions
can be changed?

e 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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Produce drier sludge in pits
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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: o Refine the model:

— Sludge, LaDePa pellet & ash _ Predicting endproduct

— fggzliglgscombustion operational composition & value from
data feed sludge data

— Other locations — Monetising micro-nutrient

User interface & carbon benefits

— Develop combustion
module; energy recovery

— Determine optimal
conditions for LaDePa &
combustion

— Value of ash - construction
material

e Link to other FSM models




Project outputs

Emptying methon chosen [aption number]

Staps 1 Comvayancs aption chosan {option nambar)

e Spreadsheet model

e Report:
— Guide to using the model
— Application to eThekwini

e 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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Produce drier sludge in pits
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Produce drier sludge in pits
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Produce drier sludge in pits
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Maximise the number of pits emptied
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Produce less sludge per pit

(e.g. better solid waste collection)
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Decentralise effectively — mobile LaDePa plants
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Calculation of SI_ N

I=(_max—-1_min) /1 max
D=(D_ max—-D _min)/D_max
N=SI D/SI |



EWS business model

Pit-emptying sub-
contractor(s)

Emptying

Conveyance

Costs + markup

A—

—

Managing contractor

Storage

Pre-treatment

LaDePa

Operational costs,
establishment cost,
monthly costs,
markup

S—

—

EWS

Pellet sales / disposal

LaDePa
product sales

s Sludge flow

=== Money flow



