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What is the optimal level of NRW?



Factors affecting the NRW optimal level



Alternative approaches to NRW target 
setting



Economic level of water losses (ELWL)



Economic level of water losses (ELWL)



The marginal cost of water

Short-run MCLong-run MC



The marginal cost of water

Real loss value Apparent loss value



The marginal cost of water

• Social impacts of NRW Control
✓ Road traffic delays/disruption and 

diversions; Commercial and domestic 
disruption

• Environmental impacts of NRW Control
✓ changes in abstraction from rivers, 

groundwater, or reservoirs  loss of 
environmental services

• Carbon-related impacts of NRW Control
✓ carbon emitted from pumping and related 

fuel use, and greenhouse gas emissions 
arising from water treatment



Least cost plan



Least cost plan



Least cost plan optimization model

PSM – Pressure management
MR – Mains replacement
SCR – Service connections replacement
ALD – Active leak detection
ATT – Attention times
MetR – Meter replacement
NOR – Normalization of illegal clients
FR – Frauds detection

AP – Average Pressure
NLM – Number of leaks in mains
NLS – Number of leaks in service connections
NL – Number of leaks (NLM & NLSC)
FS – Attention time in non-reported leaks (Survey Frequency)
ATT – Attention time in reported leaks
RN – Recuperation of physical volume by normalization
RF – Recuperation of physical volume by Fraud control



Least cost plan optimization model

System data

ACTIVE LEAKAGE DETECTION

0 1 2 3 4 5 6 7

Time to total survey [yr/surv] 1,47 0,85 0,49 0,50 0,48 0,38 0,38 0,38

Mains Length [Km] 5.083                    5.144                  5.206                  5.268                  5.331                  5.395                  5.460                  5.526                  

Number of conections [con] 731.301                745.227             759.152             773.078             787.003             800.929             814.855             828.780             

Number of Non-Reported leaks in Mains [leak] 1.017                    767                      619                      539                      670                      873                      1.093                  1.216                  

Number of Non-Reported leaks in S. Connections [leak] 5.439                    6.686                  4.731                  5.064                  8.449                  9.178                  10.076                10.536                

Non Reported Leak Indexes Mains [ leak/Km] 0,20 0,15 0,12 0,10 0,13 0,16 0,20 0,22

S. Connection [leak/1000 con] 7,44 8,97 6,23 6,55 10,74 11,46 12,37 12,71

Non-Reported leak flow in Mains @ 50 mcw [m³/h] 6,00 5,99 5,81 5,82 5,80 5,56 5,56 5,56

Non-Reported leak flow in S. Connections [m³/h] 0,53 0,53 0,52 0,52 0,51 0,49 0,49 0,49

Marginal Cost of Water [$R/m³] 0,24 0,24 0,24 0,24 0,24 0,24 0,24 0,24

Inspection cost ALD [$R/km] 494,00

Mains leak repair cost [$R/leak] 550,14

S. Connection leak repair cost [$R/leak] 239,62

Average Pressure [mcw] 45,00 45,00 45,00 44,95 44,93 44,93 44,92 44,91

Pressure-Flow coefficient (N1) 1,15

Technology Number for ALD 1                             

Leak Time [yr] 0,66 0,42 0,25 0,25 0,24 0,19 0,19 0,19

Survey Cost [$R] 1.707.481,36 2.998.538,15 5.220.404,09 5.204.974,33 5.478.131,38 7.009.795,84 7.093.913,39 7.179.040,36

Time to total survey [yr/surv] 1,47 0,85 0,49 0,50 0,48 0,38 0,38 0,38

Parameters and Historical Data Calculated Data



Least cost plan optimization model

System data

FRAUD MANAGEMENT

0 1 2 3 4 5 6 7

Number of visits 5413 7671 12048 15572 19723 22370 22000 22000

Average consumption in Fraudulent Client [m³/month] 39

Average consumption regular client [m³/month] 13,8

Average water sell price [$R/m³] 9,252 9,252 9,252 9,252 9,252 9,252 9,252 9,252

Average cost of simple Inspection [$R] 60

Cost of Inspection with Digging [$R] 150

Efficiency of simple Inspection 0,3

Efficiency of Inspection with Digging 0,85

Percentage of Digging in Inspections 0,2

Number of simple Inspections 4330,4 6136,8 9638,4 12457,6 15778,4 17896 17600 17600

Number of Inspections with Digging 1082,6 1534,2 2409,6 3114,4 3944,6 4474 4400 4400

Number of potential Fraudulent Clients 5829 3901 1118 125 14 2 0 0

Number of fraudulent clients inspected 2219,33 3145,11 1117,696874 125,1820498 14,02038958 1,570283633 0,175871767 0,019697638

Average duration of Fraud [month] 12

Number of Frauds found without Digging 1299,12 1841,04 894,1574989 100,1456399 11,21631167 1,256226907 0,140697414 0,01575811

Number of Frauds found with Digging 920,21 1304,07 223,5393747 25,03640997 2,804077917 0,314056727 0,035174353 0,003939528

Reincidents 221,933 314,511 111,7696874 12,51820498 1,402038958 0,157028363 0,017587177 0,001969764

Volume of recovered water as Real Loss [m³/year] 670.162                  1.552.861              1.795.396                  1.799.446                  1.799.899                  1.799.950                  1.799.956                  1.799.956                  

Volume of Billed Water [m³/year] 368.485                  853.832                  987.189                      989.416                      989.665                      989.693                      989.696                      989.696                      

Cost of recovered water [$R] 3.570.060              8.272.343              9.564.364                  9.585.940                  9.588.356                  9.588.627                  9.588.657                  9.588.660                  

Fee per detected fraud [$R/fraud] 437911,7 620583,9 198950,0435 22282,40487 2495,629346 279,5104867 31,30517451 3,506179545

Total cost of Fraud Detection [$R/fraud] -15697,7 -22245,9 740793,9565 1192333,595 1535898,371 1744580,49 1715968,695 1715996,494

Social and Environmental Cost [$R] 67016,16543 155286,0998 179539,5625 179944,5699 179989,9307 179995,0112 179995,5802 179995,6439

Total Cost [$R] -4090685,599 -9070458,776 -9202059,896 -8595833,029 -8234943,284 -8024320,768 -8052715,239 -8052663,099

Parameters and Historical Data Calculated Data



Least cost plan optimization model

Objective: Minimize cash flow NPV
Restrictions: Yearly allocated budget, Utility 
operational capacity, Restricted labor 
hiring.



NRW Glide-path



Uncertainty analysis



Montecarlo simulation



Uncertainty analysis



Sensitivity analysis



Sensitivity analysis



Sensitivity analysis
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