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Aiming for a sustainable water supply
E business in cooperation.
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Basic information of Malawi

Shaking hands: LWB CEO and JICA long-term expert from
Yokohama Waterworks to Lilongwe, Malawi.

Contact

% {) N 12{ Chief Adviser of the Project for Strengthening the
U . Capacity of Non-Revenue Water Reduction for
Lilongwe Water Board

Email: itayaywwb.lwb@gmailcom

Capital city: Lilongwe Chief Executive Officer of Lilongwe Water Board
Population: 17,563,749 (as of Census 2018) Phone:d:ZG? (0)1750 366

Email: piu@lwb.mw
Area: 118,480 km2 (about 1/3 of Japan) Website: https://www.wb.mw/

Climate: In Lilongwe, summer 17 to 29 degrees, }
winter 7 to 23 degrees :
Staple food: A corn called nshima made with
hot water

One of the Least Developed Country in the

world.

Through cooperation between
Malawi and Yokohama,
The JICA project begins!

THE PROJECT FOR
STRENGTHENING THE CAPACITY
OF NON-REVENUE WATER REDUCTION
FOR LILONGWE WATER BOARD

4

OPEN
YOKOHAMA




?IIJ Il]\\

Water Supply Problems In Lilongwe Yokohama Waterworks Bureau JICA Project Outline

K Lilongwe is capital city of Malawi. There are Yokohama Waterworks Bureau is actively The project aims at improving LWB's planning,

It-'many water leakages due to the material of the promoting international contribution as Japan's implementation and sharing information
aged pipe. oldest Waterworks, and has dispatched its engi- capabilities on non-revenue water.

neer as a long-term expert to Lilongwe, Malawi.

Capacity for NRW reduction management is strengthened,

“Water Boards A .‘\ Water Boards in

n Malawi ; | P other cnuntnes _
Knowledge  Whatis Non-Revenue Water?

. “Water that was not subject to

and sktlls billing”™ due to various reasons

such as water leakage or water

[ et
Water Supply Ceremony Training for African Countries P|am-|mg <%?"I mplementing.

at Yokohama in 1887 at Yokohama Training Yard

__capac:ty /_XZ\ capacity
Lilongwe Water Board :

Lilongwe Water Board (LWB) is responsible for NRW:Non-Revenue Water
the provision of water supply services to the Capacity development and equipment from Japan
City of Lilongwe. LWB aims at becoming a —————————

leading water utility in southern Africa, and has
been crowned as the Water Service Provider of
the Year in 2017 and 2019 with a strong
leadership of CEO, Eng. Alfonso Chikuni.

®

There are not enough capacity and equipment
to prevent water leakage and effective
measures cannot be taken.

In order to improve such situation, JICA and LWB
have started the 4 years project since

June 2019, AWARDS.

The face to face training by the expért
from Yokohama has being carried out.

Equipment such as excavating machines and
water leak detectors will be delivered mainly
from Japan to solve the NRW problems in
Lilongwe.

The CEO, the second from the right, underwent
the training at Yokohama Waterworks Bureau in
Japan 10 years ago.
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No Reading

No. CUST_REF| CUST_NAVE DIST_NO | WALK_NO | MAIN_CATEGORY SUB_CATEGORY DESCREPANCY
1 0029743 |ASSANI S MR 22 18|Residential Residential No reading - Other

2 0029968 [KAMBALAME E S 22 18|Residential Residential Accepted

3 0030205|MAGOMBO DENNIS 22 12|Residential Residential Accepted

4 0032594|LC C 22 16|KIOSK Community Accepted

5 0037731|MISS RUTH LEMBERA 36 15|Residential Residential Too High Consumption
6 2139879(F SADYALUNDA 22 20[Residential Residential No reading - Other

7 2141588 (MR. P S MAJAMANDA 22 18 tial Residential Accepted

8 2142378|MR. JOHN B MANDA 22 12|Residential Residential Too Low Consumption
9 2143249|V P MALIKEBU 36 15|C Co ial & Industrial Too High Consumption
10 2143446|MR. SAUTSO KAMANYA 22 18|Residential Residential Accepted

1" 2144239|SIBONILE THAWANI CHIMPHANGO| 22 12|Residential Residential Accepted

12 2144913 [DENIS MAVUMBE BANDA 22 16|Residential Residential Accepted

13 2145505(J P PHIRI 22 22[Residential Residential Accepted

14 2145600| ANDERSON MATAKA 22 21|Residential Residential Too High Consumption
15 2146358 |MR. FRANK KWALI 22 23|Residential Residential Accepted

16 2146403 (MR. ELADI ABAULA BAKARI 22 29[Residential Residential Accepted

17 2146731|H NGWIRA 22 23|Residential Residential Accepted

18 2146750|LYSON S CHISALE 22 21|Residential Residential Accepted

19 2146968 |MR. LEVISON AMOSI 22 29|Residential Residential Accepted

20 2147238|B MMDALA 22 29|Residential Residential Accepted

21 2147263 |MR. G CHATSIKA 22 23|Residential Residential Accepted

22 2147750| AIDA J BANDA 22 18|Residential Residential Accepted

23 2147855|F.M. MZANDU (MASEKO) 22 23|Residential Residential Accepted

24 2148180(SINOYA GOTIFELO 22 31|Residential Residential Too Low Consumption
25 2148573|MR. SAIDI SAIDI 22 26|Residential Residential Accepted

26 2149340|MRS. KAVULUVULU 22 12|Residential Residential Accepted

27 2151375|JOHN MASEKO 22 22|Residential Residential Accepted

28 2153048|ELLEN CHAVULA 22 25|Residential Residential Accepted

29 2154658 | MICHAEL WALUZA BANDA 22 23|Residential Residential Accepted

30 2154791]JOBESI CHITHUTHU 22 23|Residential Residential Accepted

31 2155767| ANNIE GOMANI 22 16[Residential Residential Accepted

32 2156404 DENFORD WILLARD 22 26[Residential Residential Too High Consumption
33 2158190(JANET AGNESS MZOWA 22 22[Residential Residential Too High Consumption
34 2158668| DHUMISAN S MOYO 22 25|Residential Residential Accepted

35 2160071|MISS. LUCY BANDA 22 29|Residential Residential Too High Consumption
36 2161601)|GEORGE ALEXANDER CHIRWA 22 16[Residential Residential Too Low Consumption
37 2171822|GULAM MBWANA CHUNGA 22 22|Residential Residential Accepted

38 2174446|MRS. AMINA MEMBER 22 16|Residential Residential Accepted

39 2176679|MR. ALFRED B. CHAKUKHULIRA 22 22|Residential Residential Accepted

40 2177303 |MR. ADAM TWAIBU 22 20|Residential Residential Accepted

41 2177462|MR. MANDRAZ SAUZANDE 22 18|Residential Residential Accepted

42 2179502|MR. LASTON GABATON KAMWANYA 22 20|Residential Residential Accepted

43 2183701|EUNICE M. SALIYEKHA 22 26|Residential Residential Accepted

44 2184300| MAUREEN CHIWAYULA JUMA 22 25|Residential Residential Accepted

45 2187745(MR. ELSON JULIUS KAMBALAVE 22 18|Residential Residential Too High Consumption

New Connection

51 2205814 |WILLIAM NICHOLAS BWANAOPE 22 6|Residential Residential Accepted

52 2204204 | ANNIE TRYNESS KASHITIGUH 22 18|Residential Residential Accepted

53 2204759 |Loyce Chimbiya 22 18|Residential Residential Accepted

54 2205056 | JANET WANANGWA HARAWA 22 5|Residential Residential Accepted

55 2204281|Samuel Somanje 22 16|Residential Residential Accepted

56 2202609|gerald loiswayo tegha 22 21|Residential Residential Too Low Consumption
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More than 30,000
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Approach of JICA
Pilot DMA
Activities in SZD3

Activities carried out through the Project for Strengthening the Capacity

of Non-Revenue Water Reduction

for Lilongwe Water Board (LiSCap)
Date: 6t December 2019

.e.:::?) Q&ONG%“
JICA

L DMA Isolation

S0ARD

4

L System Input Volume

[ Map Verification
4

( Creation of Customer List

[ Baseline Survey

[ Countermeasures

Planned s
Schedule/Approach
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Isolation of the DMA

Preparation Work for Measurement of Base
Line NRW%

* Step of DMA Boundary Confirmation

1. Confirmation of DMA boundary on GIS in the field

:Verification of Bulk meter position, unmetered
connections between DMAs, and valve status

2. Hydraulic Isolation Test by Zero pressure

3. Update of DMA boundary on GIS
Responsible Person: GIS, NRW, ZONE, NETWORK

Isolation of the DMA

 Map Creation and Customer List Verification
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Isolation of the DMA

e Sub-zoning the DMA

hlqi_

b { ¥

Isolation of the DMA

» Step-Test / Isolation Fittings




System Input Volume

e Establishment of Regular Bulk Meter Reading

1. Established Regular Bulk Meter Reading for SZD3
(Daily basis)

2.Conducted Bulk meter accuracy Tests and MNF
measurements

Why?= To improve the data quality and ascertain
the system input volumes.

Next steps

Creation of Standard Procedure Manual and Record
Format

Why? = To establish identical reading processes for
other Bulk meters in LWB.

System Input Volume
DATE/ TIME BULK METER ERROR
R S -

7/30 PM5 ~ 7/31 PM5 1004 1006.68 -0.27
7/31 PM5 ~ 8/1 PM5 942 937.94 0.43
8/1 PM5 ~ 8/2 AM10 630 626.09 0.62
TOTAL 2576 2570.71 0.21

SZD3 FLOW MEASUREMENT MNF Vs 0%
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40

30

o gt

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
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Map Creation and Customer List Verification

* Map Creation and Customer List Verification

Map Creation and Customer List Verification

Number of customers with coordinates
moved from 26,875 to 29,804

data at now
27,094 Customers
(w/coordinate : 26,875 customers)
(no coordinate:219 customers)

3,841 missing customer

12.4% of
difference

data on April 2019
30,935 Customers
(w/coordinate : 26,531 customers)
(no coordinate:4,401 customers)

W/coordinate

CRIIESEIT

-4.5% of
difference

data on April 2019
32,337 Customers billed
29,747 Customers in DMAs by GIS



Map Creation and Customer List Verification

* Step of “SZD3” Customer List and Map Creation

2. Identify Customer inside of DMA “SZD3” with GPS

Main issues are;

- Existence of missing customer on GIS

- Gap for number of customer between related
department.

3. Creation of “SZD3” Customer List

If it has less accuracy;
= Less accuracy of NRW ratio and volume
= Lost of meter replacement target

4. Creation of identified customer location map

= Easy Surveying and Customer Meter
Management

Customer List Verification




-

DMA Isolation

System Input Volume

PREPARATION ACTIVITIES DONE (GREEN)

Map Verification

Creation of Customer List

Baseline Survey

NEXT ACTIVITIES
(Yellow)

L Countermeasures

‘ Endline Survey




CAPACITY ASSESSMENT ON NON-

REVENUE WATER REDUCTION
LiSCaP

6 December, 2019

PRESENTER: Charity Mkwezalamba
POSITION: Distribution Engineer — Southern Zone

E-mail: madzi@lwb.mw Website: www.lwb.mw %

N . CONTENTS

1. Introduction to Capacity Assessment and
Capacity Development

2. Development of Capacity Assessment Tool
Implementation of Capacity Assessment

4. Analysis of Capacity Assessment and Way
Forward

w

E-mail: madzi@lwb.mw Website: www.lwb.mw %


sekimoto
テキスト ボックス
添付資料（エ）E



V. o

1. Introduction to Capacity Assessment
and Capacity Development

What is Capacity Assessment ?

« An analysis of desired capacities against
existing capacities; this generates an
understanding of capacity assets and needs,
which informs the formulation of a capacity
development response

E-mail: madzi@lwb.mw Website: www.lwb.mw
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" 1. Introduction to Capacity Assessment
and Capacity Development

Why do we need Capacity Assessment?

« To understands current capacities and
determine the targets to be achieved

« To confirm what is needed to achieve set
targets

« To lay out specific strategies and plans

= CA serves as the first step for CD
which is supported by LiSCaP

E-mail: madzi@lwb.mw Website: www.lwb.mw
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1. Introduction to Capacity Assessment
and Capacity Development

Why do we need Capacity Assessment?
Monitoring

« Change the capacities of LWB itself

« Change the progress of project activities

= Assess project progress monitoring
and PDM (Project Design Matrix)

E-mail: madzi@lwb.mw Website: www.lwb.mw
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2. Dé\}elopment of Capacity Assessment Tool

« A CA team was formed - Included managers,
engineers, PRO and JICA experts

« The public relations office has been involved in the
CA to NRW reduction for awareness as it is an
interface between LWB and customers — obtain
opinions from customers inform stakeholders

« There were 2 types of CAs — Organizational and
Individual CAs

E-mail: madzi@lwb.mw Website: www.lwb.mw
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2. Development of Capacity Assessment Tool

« The CAs conducted focused of NRW as it is among
the biggest challenges faced at LWB

« CA forms were developed with items targeted at
NRW reduction

« The CA tool developed assesses areas that are in
line with the 3 projects outputs for LiSCap

E-mail: madzi@lwb.mw Website: www.lwb.mw
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2. D'é\_/éﬁlophent of Capacity Assessment Tool

.=
» B

Project Outputs:

1. LWB’s Planning capacity for NRW reduction is
enhanced

2. LWB'’s implementation capacity for NRW
reduction in DMAs is enhanced

3. LWB'’s capacity for disseminating the knowledge
and skills on NRW reduction to both inside and
outside LWB is enhanced

E-mail: madzi@lwb.mw Website: www.lwb.mw




CA tools

Target organization Assessment
Output 1&3 in LWB responsibilities
—— |
CA tool : Whole LWB : V\-’l;o le LWB I WB
B i s management
NRW management " management -
_____ - I1_______________________ ——
—H Commercial loss ! 4
i 1 Qutput 2
| |
| 1| Hydraulic calculation |1
: and pressure control :
| — - i I | LWB Southern LWB action
| 1| Lea etection and |1 | ... Office o
I| control |
| |
| |
7| GIS I
| |
—H Pipe repairing [
_____ ___L__________________________________I______________________ i i,
L Public relations Public LWB
Relation Unit management

= \1-"? -

3. Implementation of Capacity

Assessment

« The CA was carried out by selected staff of LWB -
head office and zones

« The selection of individuals was with reference to
job description of staff and the items listed on the
developed CA forms

« Target staff was from SZ - project implementation
area

E-mail: madzi@lwb.mw Website: www.lwb.mw
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plementation of Capacity

Assessment

Areas of Assessment:

« NRW Management

Commercial losses

Hydraulic Calculation and pressure control
Leak detection

« GIS

Pipe repairing

* Public relations

Pipe Repairing.xlsx

E-mail: madzi@lwb.mw Website: www.lwb.mw
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3. Aﬁzlﬂg/sis of Capacity Assessment and
Way Forward

« Current stage
« All CA forms were completed and compiled

 Final document does not show individual results for
privacy and comfortability of participants

 Assessment sheet data 201911105.xlsx
« Analysis of result is ongoing

E-mail: madzi@lwb.mw Website: www.lwb.mw




Analysis of CA Results

Assessed field:

Analyst: s
Strengt
Ttems Possible reasons Way forward

Items

Possible countermeasures

Possible reasons
Devised by LWB

Advised by JICA Experts

E-mail: madzi@lwb.mw

Website: www.lwb.mw

E-mail: madzi@lwb.mw

Website: www.lwb.mw




1* Knowledge Sharing Workshop of LiSCaP (6 December, 2019)

Feedback Sheet

Name:

Department:

Position/Post:
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1. Please evaluate the following sessions in the workshop on December, 2019

1. Excellent 2 Good

3 Average 4 Below average 5 Poor

Session 1
Approach of JICA Pilot DMA

Isolation DMA

System Input

Activities in SZD3 Map Creation and Customer List

Following Activities
Session 2 Introduction to Capacity Assessment and Development
Approach of Capacity Development of Capacity Assessment tool

Assessment in Southern Zone
Office

Implementation of Capacity Assessment

Analysis of CA and Way Forward

Session 3

Demonstration and Field Practice of Leak Detection

Question & Answer, Exchange of Opinion

2. Please evaluate the whole program of the workshop on December, 2019

1 Excellent

2 Good

3 Average

4 Below average
5 Poor

3. Please give your comments or feedback on this program

Thank you very much

Project for Strengthening the
Capacity of NRW Reduction for
Lilongwe Water Board




1t Knowledge Sharing Workshop

of Lilongwe Strengthening Capacity Project (LiSCaP)

on 6" December 2019
AGENDA
Day 1/1 (6™ December 2019)
Time Item Remarks
8:50 Registration Board room
9:00 Session 1 “Approach of JICA Pilot DMA Activities NRW
in SZD3”
9:30 Question & Answer, Exchange of Opinion All
10:00 Session 2 “Approach of Capacity Assessment in Southern Zone
Southern Zone Office”
10:30 Question & Answer, Exchange of Opinion All
11:00 LUNCH BREAK
13:00 Session 3 “Demonstration and Field Practice of Leak | JICA Expert
Detection”
15:00 Question & Answer, Exchange of Opinion, Feedback All
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j%i) Standard Operating Procedure (DMA CONFIGURATION)
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j%i) Standard Operating Procedure (DMA CONFIGURATION)
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j%i) Standard Operating Procedure (DMA CONFIGURATION)
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jica/ DMA Map for Common Understandings

1) Design of DMA Map

What kind of information we need for normal operation and NRW reduction
work.

Information should be included on a Map are;
- DMA Boundary (with details of critical connection points)
- Elevation (Reservoir, InletBM, OutletBM, PRV, Washout, school, hospital, Connection with other DMA, etc.,)

- Sub-Zone Boundary with critical valves by sub-zone, its naming

- Customer Position

- Pipe network (BM, PRV, SV, Hydrant, details of connection pipes, etc.)

- Pipe and accessories Information (DN, Material, closed or opened, operational or not, etc.)
- BM Name

_okckkokkok
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STANDARD OPERATING PROCEDURE on NRW REDUCTON (Section/Unit in charge)

Revision No. 0 SOP Number: SOP-XXX-XXX
SOP Title: XXXXXXXXXXXXXI

1. PURPOSE

Most of the commercial losses in the Non-Revenue Water (NRW) rate of the
Lilongwe Water Board (LWB) is assumed to be dominated by the water meter error
rate. In order to reduce the water meter error rate, the water meter error rate must
first be calculated by a water meter flow test or other methods, however, various
statistics and analyses are required to calculate its rate. In conducting this various
statistics and analysis, in this section, the Standard Operation Procedure (SOP) is
created to conduct the statistics and analysis of the installation status of the customer
water meter. It is intended to serve as a basis for LWB to conduct its own research
in the future.

2. SUMMARY

The amount of water used by customers is billed after the amount of water used
is confirmed by monthly meter reading. The amount of water billed must be
accurately measured and the use of the aged or faulty water meters must be avoided.

According to the water meter installation situation, the ratio of aged water
meters is 48% in SZ office, but 60% in SZD3. Furthermore, it was found that the
faulty water meters were present at about 10%.Based on this data, the water meter
error test will be conducted, and as a result, LWB will plan a water meter replacement
program.

3. DEFINITIONS
» Aged water meter: A water meter that has been installed for more than 8 years

» Faulty water meter: A water meter that has been certified as a faulty water meter
by continuously judging "Zero Consumption" in the note by water meter reader

» Unclear meter: A water meter represented by "Unread" because a counter display
is unclear, and measurement cannot be recorded

4. RESPONSIBILITIES

» Provision of customer data with billed water volume and water meter status for
the past 6 months: NRW Division

» Statistics and analysis of water meter installation status in the target area: NRW
Division, Regional Office

2/9
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5. SPECIFIC PROCEDURE

(1) Obtaining customer water meter information

The main items that conduct statistics and analysis from customer water meter
information are 1) situation and distribution survey by water meter installation year,
2) extraction of aged water meters and faulty water meters, and 3) extraction of water
meters of large-scale water users. The customer water meter data are mainly included
DMA number, Area number, Walk number, Customer 1D, Meter ID, Address, GPS
data, Meter age (Installation date), Water consumption for the past 6 months (current
month minus previous month), State, State explanation.

It is necessary to ask NRW section to obtain necessary data. It takes one week
or two weeks to obtain the data, depending on the number of data requested.

Table-1 Minimum data required for statistics and analysis

Cust-Key Zone Office Area Walk No. DMA Sub-category
2181928 South 22 13 SzZD3 Residential
2728591 South 36 33 SzD3 Commercial
Customer Name Prop Ref. Meter No. Meter age Longitude Latitude
H. Banda 22//6/1966 19940521 4.3 33.776528 -14.016721
L. Chakwera 36//6/2020 20190628 7.8 33.781896 -14.017651
Billed amount (last 6 months) Discrepancy (last 6 months)* Message (last 6 months)*
31 0 28 7 0 23 |Acpt |Dirty [TooH|Acpt | Zero | Acpt Gate UDog
109 | 120 | 123 | 187 | 98 | 172 |Acpt |Acpt |Acpt |Acpt |Acpt | Acpt

* “Acpt”: Accept, “Zero”: Zero Consumption, “Dirty”: Dirty Meter, “TooH”: Too High Consumption,
“Gate”: Gate locked, “UDog”: Untied Dog

urvey on the situation and distribution by water meter age
(2) S the situati d distribution b t t
(installation year)

1) Aged water meter

Using the above customer data, statistical processing is conducted on the proportion
of water meter installation years and the regional distribution in the survey area from GPS
(Longitude - Latitude) data and installation years (water meter age) data. It is possible to
grasp the installation status of the aged water meters that have been installed for more than
8 years and the regional characteristics.

Regarding the number of years of water meter installation within the survey area, the
water meter installation ratio is grasped on a yearly basis. The distribution status of water
meter installation years in the survey area is displayed numerically and visually to
understand the distribution status. LWB has customer data for more than 14 years after
water meter installation. When creating a distribution map of the installation status, 1 year
(less than 1 year) and 2 years (1 year or more and less than 2 years) after installation are
grouped together for 2 years, and the colors are divided into 7-8 categories. Then, regional

3/9
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water meters distribution is grasped easily.

(Section/Unit in charge)
SOP Number: SOP-XXX-XXX
SOP Title: XXXXXXXXXXXXXI

In addition, as other water meter installation rate, the rate of faulty water meters and
the Zero Consumption shall be summarized in a table and the rate shall be grasped. Also,

this grasp excludes water meters that do not have address, GPS and installation year data
in the customer water meter data. Below is the figure/table of DMA SZD3 and the rate of
water meters installation in the Southern Zone (SZ) Office, along with a distribution map

of the years of water meter installation.

20% — ~ 100%
e X@Q---7 -
o =
mm—— D3 Sz old s~ 3 =
- v o= a'\ﬁ
15% ° | LA N o75%
§ 4 F! /4 % =
~ =N - o L
% 3 - el -
S 10% 50%
[ =
8
@
Q.
5% 25%
0% 0%
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-
Meter age (Year)

Meter age| 0-1 | 1-2 | 2-3 | 3-4 | 4-5 | 5-6 | 6-7 | 7-8 | 8-9 [9-10|10-11|11-12|12-13|13-14| 14- | Total
64 | 42 45 66 55 | 40 29 | 45 | 43 59 | 147 | 265 | 51 26 0 977
6.6%|4.3% |4.6%|6.8%|5.6%|4.1%|3.0% | 4.6% |4.4% | 6.0% (15.0%27.1%| 5.2% | 2.7% | 0.0% | 100%

386 (39.5%) 591 (60.5%)
3,038|1,822|1,712(3,385(2,411|1,415| 929 (1,144(1,054|1,305|2,344|3,1831,838(1,098|3,867(30,545
9.9%|6.0% |5.6% [11.1%| 7.9% | 4.6% | 3.0% | 3.7% [ 3.5% | 4.3% | 7.7% |10.4%| 6.0% | 3.6% [12.7%| 100%

15,856 (51.9%)

14,689 (48.1%)

Figure-1 Ratio of number of water meters by installation year of SZD3 area and SZ Office area

4/9
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-13.96
-13.98
-14.00
-14.02
1-2 years
e 3-4 years
-14.04 5-6 years
7-8 years
9-10 years
e 11-12 years
Southern Zone Office Area e 13-years-
-14.06
33.76 33.78 33.80 33.82 33.84 33.86

Figure-2 Water meter distribution map by installation year of SZD3 and SZ Office area

The table in Figure-1 shows the number of installations and their proportions in years
after water meter installation that sorted by ascending order of water meter installation
years. In addition, since the definition of an aged water meter in LWB indicates 8 years or
more, the rate of less than § years and 8 years or more after water meter installation is
shown. By displaying the water meter installation status of each year as a bar graph and
cumulative curve above the table, it becomes easier to understand the balance of the water
meter installation status.

Figure-2 shows the distribution of water meters in the SZD3 and the SZ Office arca
by the water meter installation years of layer map. It is understood that the number of aged
water meters is decreasing as one goes to the suburbs of the southern region. On the other
hand, the renewal of water meters in the city center has not progressed, and it can be said
that the progress of renewal of the aged water meters will become an issue.

In this way, the layer map can be used to grasp the status of meter installation in the
target area by color coding. If the number of colors is increased, it will be difficult to
identify the colors, so it will be good to split by 1-2 years, 3-4 years, 5-6 years, 7-8 years,
9-10 years, 11-12 years and 13 years or more after water meter installation, good color
classification of about 7-8 colors. In Table-3, the years of water meter installation are
sorted in ascending order, this table is cascaded in groups of 2 years, then, it will be
displayed in a layer map like Figure-3.
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Table-2 Processing Excel table for layer map

Actual |Integer , Latitude
age age OGS 1-2 3-4 5-6 7-8 9-10 11-12 13-
0.5 1 33.8059 |-14.0138
1.3 2 33.7959 |-14.0149
2.4 3 33.7972 -14.0169
3.9 4 33.8029 -14.0148
4.3 5 33.8036 -14.0133
5.8 6 33.8014 -14.0112
6.3 7 33.7950 -14.0146
7.8 8 33.8008 -14.0141
8.2 9 33.8034 -14.0137
9.8 10 33.7975 -14.0144
10.3 11 33.8020 -14.0151
11.1 12 33.7971 -14.0170
12.9 13 33.7930 -14.0123
13.7 14 33.7936 -14.0154
-14.010
-14.012 13
-14.014
-14.016
® 1-2 years ®3-4years @ 5-6 years
-14.018 7-8 years © 9-10 years ® 11-12 years
® 13years -
-14.020

33.792 33.794 33.796 33.798 33.800 33.802 33.804 33.806 33.808

Figure-3 Layer map by colors

2) Faulty water meter

It is said that there is a high possibility that an accurate measurement of water volume
will not be possible due to the deterioration of the water meter's measuring function due to
deterioration over time after installation of aged water meters. On the other hand, there are
some water meters whose measuring function is significantly deteriorated even if the water
meters do not become the aged water meters. These are called "Faulty water meters". Faulty
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meter includes the meter of the "Zero Consumption" in which the counters/pointers of the
water meters do not work even if tap water passes through the water meters. In addition,
there is a "Dirty water meter" in the faulty water meter, in which it seems that tap water is
passing through the water meter to count the amount of water, but the transparent plate on
the surface is unclear and the counter value cannot be read. With these water meters, the
metered water volume is zero for the customer's use of water, and the billed amount is only
the basic charge.

Actually, the amount of tap water that should be the amount of revenue water is NRW
due to these faulty water meters. As with water leaks and illegal connections, the points
are to find these faulty water meters early and replace them early.

The presence of faulty water meters is shown in the customer data in Table-1. When
"Zero Consumption" continues for more than 3 months in the amount of water billed for
half a year in the customer data, if the water usage of the customer is recognized by
conducting the water usage survey including confirmation of absence and illegal
connection investigation Is certified as the "Faulty water meter". Further, if the water meter
reader cannot determine the display on the counter of the water meter and even if it is
determined to be “Dirty water meter” even once, it should be certified as the “Faulty water
meter”.

Table-3 shows the proportion of faulty water meters in SZD3. There is a large
proportion of faulty water meters within the band of the aged water meters, which is related
to countermeasure to replace the aged water meters. There is some water meter that
becomes faulty water meter within 1 year after water meter installation, so it is necessary
to consider measures to replace the water meter within 8 years.

Table-3 Number of faulty water meters in SZD3
Meter age | 0-1 | 1-2 | 2-3 | 3-4 | 45 | 5-6 | 6-7 | 7-8 | 8-9 |9-10 |10-11|11-12|12-13| 13- |Total
No. of Meter| 64 42 45 66 55 40 29 45 43 59 | 147 | 265 | 51 26 | 977
Faulty Meter| 4 2 1 1 4 1 0 2 3 3 8 17 4 1 100
Rate 4.7% | 0.0% | 8.9% [15.2%|10.9%| 7.5% |17.2%17.8%|14.0%|10.2%(12.9%| 8.3% | 9.8% |11.5%(10.2%

Proportion 39 (39.0%) 61 (61.0%)

3) Large-consumption water meter

Water meter with diameter of 15mm has a standard monthly water consumption of
100m?, which is 20mm: 170m?, 25mm: 260m?>, 50mm: 2,600m?>, 100mm: 6,600m?. In SZD3
and SZ Office area, there are water users who use more than 100m3/month, and there is a
possibility that some water meters cannot measure the exact amount of water usage. If
there is 2 or more months with 100m? or more from the customer data, its water meter shall
be the large-consumption water meter. The water meters that meet these conditions are
extracted, and Table-4 shows the total number of water meter installation in every year.

These large-consumption water meters will be replaced with water meters with a
diameter of 20mm. In LiSCaP, the water supply pipe upstream of the water meter will be
used with the existing diameter of 15mm, and only the connecting parts will be used for
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the water meter of 20mm. The existing water meters with diameter of 15mm are installed
with water supply pipes of the same diameter. When changing the water meter diameter,
the selection of the diameter of the upstream water supply pipe should be discussed with
the regional office and their Care Taker, taking into consideration the amount of water
usage and the water meter diameter to be installed.

Table-4 Number of large-consumption water meters (15mm diameter) in SZD3

Meterage | 0-1 | 1-2 | 2-3 | 3-4 | 45 | 56 | 6-7 | 7-8 | 8-9 [9-10 [10-11|11-12|12-13| 13- |Total

No. of Meter | 64 | 42 45 66 55 40 29 45 43 59 | 147 | 265 | 51 26 | 977

Large Consmp.| 4 2 1 1 4 1 0 2 3 3 8 17 4 1 51

Rate 6.3%[4.8%(2.2%|1.5% |7.3%|2.5%|0.0% |4.4%|7.0% |5.1% | 5.4% | 6.4% | 7.8% | 3.8% | 5.2%

Proportion 15 (29.4%) 36 (70.6%)

(3) Summery

71

7.2

It is particularly important to classify and grasp the installation status of water
meters used in LWB. From the years of water meter installation of customer data
used above, GPS data, and the amount of water used for half a year and data in the
remarks, various classifications and proportions are shown in the table, and are shown
in the figure to grasp the situation. In the Meter Error Test SOP, which will be shown
later, surveys and analyses will be conducted by basic customer data.

Since LWB defines the aged water meter as 8 years or longer, it is important to
classify and display the installed years less than 8 years and 8 years or longer. LWB
needs to consider taking measures against the aged water meter of 8 years or more.
Even if the water meters are less than 8§ years old, there are not a few faulty water
meters (Zero Consumption / Dirty water meter) that should be replaced. By replacing
these faulty water meters, the proper amount of water usage will be charged, and the
amount of NRW will be improved. It is hoped that this SOP will be the basic material
for the water meter replacement.

DATA AND/OR RECORDS MANAGEMENT
>

INTERNAL AND EXTERNAL REFERENCES

Internal References
> None

External References
> None
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1. PURPOSE

Most of the commercial losses in a Non-Revenue Water (NRW) rate of the
Lilongwe Water Board (LWB) is assumed to be due to a water meter error rate. To
reduce the water meter error rate, the water meter error rate must first be calculated
by a flow test or other method, but various statistics and analyses are required to
calculate its rate. In conducting this water meter error test, this section aims to create
a Standard Operation Procedure (SOP) to perform a water meter error test, and to use
it as a basis for LWB's own investigation in the future.

The breakdown of the NRW rate includes the amount of illegal connection and
the amount of water meter error as commercial losses. In addition, the water meter
error includes the instrument error of the water meter itself, the water meter reading,
water amount calculation, and data input error by the water meter reader. This time,
for the purpose of calculating the water meter error, verification will be carried out
by an actual water meter test using a water quantity tester in the LWB water meter
test laboratory.

2. SUMMARY

Accurately measuring the amount of revenue water means that the customer
water meter accurately measures the amount of water used. The faulty water meters
that measure water inaccurately prevent accurate measurement of the amount of
revenue water. It is important to understand the status of LWB's current customer
water meter measurement accuracy, and depending on the situation, drastic
improvement is required for the water meter.

Only the test with DMA SZD3 was conducted, but the water meter error rate is
calculated to be -9.4%. SZD3 has many old water meters that are more than 8 years
old after installation and defective water meters that do not measure water volume,
and it is necessary to take measures to replace them. Its replacement is expected to
improve the NRW rate to around -2%. As the first activity for that measure, analyzing
the status of these water meters will lead to a significant reduction of the NRW rate.

3. DEFINITIONS
» Aged water meter: A water meter that has been installed for more than 8 years

» Faulty water meter: A water meter that has been certified as a faulty water meter
by continuously judging "Zero Consumption" in the note by water meter reader

» Unclear meter: A water meter represented by "Unread" because a counter display
is unclear, and measurement cannot be recorded

» Test flow rate: A flow rate (L/hr) at multiple points from a small flow rate to a
large flow rate to obtain the water meter error

» Test water volume: A water volume (L) flowing at the test flow rate (L/hr)
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» Meter error rate: An error rate between the water flow volume from the water flow
tester and the water flow volume indicated by the water meter

4, RESPONSIBILITIES

» Provision of customer data with billed water volume and water meter status for
the past 6 months: NRW Division

» Statistics and analysis of water meter installation status in the target area: NRW
Division, Regional Office

» Determination of renewal target water meter: NRW Division, Regional Office

» Renewal of water meter, collection and delivery of test water meter: Regional
Office

» Water meter error test: Water Meter Test Laboratory

» Analysis and evaluation of water meter error test: NRW Division

5. SPECIFIC PROCEDURE

(1) Determining the number of samples for water meter error test

The water meter error test to calculate the water meter error rate is not a full-
scale inspection, but water meters with a sufficient number of samples to obtain
reliability is collected and calculated by the water meter error test.

The number of water meter samples is determined by assuming that the water
meter error distribution of the mother population is close to the normal distribution.
As the calculation conditions, when the tolerance error is 5%, the confidence level is
95% (normal distribution point: 1.96), and the population ratio is 0.50, it is calculated
as 280 water meters when the mother population (existing water meters) is 1,000
pieces. When the water meter error test is performed on the entire Southern Zone
(SZ) Office, the mother population is approximately 32,000 and the number of
samples will be 385, which makes it possible to calculate the water meter error with
accuracy that is statistically reliable. Table-1 shows the relation between the mother
population (No. of connection), the number of samples (No. of collection), the
collection rate, and the relational equation under the above conditions.
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Table-1 Number of connection, Number of collection and Collection rate

No. of No. of Collection rate: . .
. . Sample size calculation formula
connection: N collection: n n/N
50 44 88.0%
100 79 79.0%
200 132 66.0%
350 183 52.3% S le si f wat ter:
500 217 43.4% ample size of water meter: n
800 260 32.5% 2%p(1-p)/e?
n=
1,000 278 27.8% 1+ 22p(1-p)/e?/N
2,000 322 16.1%
3,000 341 11.4% N: Total number of water meter in
5,000 357 7.1% target area
10,000 370 3.7% z: Confidence level (95% = 1.96)
20,000 377 1.9% 532.58Ivsihen 9?%, (15(()5; wl(1)e5r10$)30%)
p: Population ratio 6 =0.
35,000 380 1.1%
2 e: Allowable error (5% = 0.05)
50,000 381 0.8%
100,000 383 0.4%
200,000 383 0.2%
300,000 < 384 <0.1%

SZD3 as an example, there are 977 GPS and residential address data that are
reliable from the customer data of 1,046 customers. From 977 water meters, 280
samples are extracted. The following table shows the status of existing water meters
in SZD3 by installation years, and the number of samples for each year is set. To
obtain the water meter error of the customer water meters of the entire SZD3 by water
meter error test, the above-mentioned sample water meters are selected so that the
number of years of installation will be a miniature of the SZD3 regionally.

The number of samples is set so that 40% will be within 8 years after water
meter installation, which is the tendency of SZD3, and 60% will be over 8 years, and
the faulty water meters in each year will be about the same as the ratio of SZD3 as a
whole. 120 pieces (40%) water meters of the total sample (280 pieces) will be water
meters less than 8 years after installation (15 pieces each year). In addition, 160
pieces (60%) water meters of the total sample will be the number of samples close to
the ratio of water meters installed 8 years or more after installation.

Table-2 Number of water meter error tests by water meter installation years in SZD3

Years | 01|12 |23 |34 |45 5667|7889 |9-10|10-11{11-12[12-13 13- | Total

Total | 64 | 42 | 45 | 66 | 55 | 40 | 29 | 45 | 43 | 59 | 147|265 | 51 | 26 | 977

r:]’g:resr:tf 6.6% | 4.3% | 4.6% | 6.8% | 5.6% | 4.1% | 3.0% | 4.6% | 4.4% | 6.0% [15.0%[27.1%| 5.2% | 2.7% | 100%
5zD3 386 (39.5%) 591 (60.5%)

15 | 15 | 15 | 15 | 15 | 15 | 15 | 15 | 20 | 20 | 30 | 40 | 30 | 20 | 280

S:qjt‘;'f 23.4%[35.7%33.3%(22.7%(27.3%|37.5%|51.7%(33.3%46.5%|33.9%(20.4%(15.1%|58.8%|76.9%| 28.7%
120 (42.9%) 160 (57.1%)
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* The second line at the upper part shows the percentage (0-1 year: 64/977=6.6%) of the installation
year as a whole, and the second line at the bottom part shows the percentage (0-1 year:
15/64=23.4%) of samples collected by the installation year.

As an example below, if the number of DMA customers is 3,200, and the ratio
between less than 8 years after installation and 8 years or more is 64:36, the total
number of samples (343) and the number of renewal water meters for each year are
shown.

Table-3 Sample of the number of water meter error tests by water meter installation year

Years | 01|12 |23 |34 |45 |56]|67 78|89 |9-10|10-11[11-12[12-13 13- | Total

rotal | 259|296 | 270 | 197 | 298 | 185 | 281 | 259 | 228 | 259 | 196 | 215 | 160 | 97 |3,200

number of | 8.1% | 9.3% | 8.4% | 6.2% | 9.3% | 5.8% | 8.8% | 8.1% | 7.1% | 8.1% | 6.1% | 6.7% | 5.0% | 3.0% | 100%
meters 2,045 (63.9%) 1,155 (36.1%)

30 (30 | 30 | 20 | 30 | 20 | 30 | 30 | 25 | 30 | 20 | 23 | 15 | 10 | 343

Sn‘ir:t";'f 11.6%(10.1%[11.1%[10.2%[10.1%10.8%(10.7%[11.6%|11.0%|11.6%[10.2%[10.7%| 9.4% [10.3%| 10.7%
220 (64.1%) 123 (35.9%)

* The second line at the upper part shows the percentage (0-1 year: 259/3,200=8.1%) of the
installation year as a whole, and the second line at the bottom part shows the percentage (0-1
year: 30/259=11.6%) of samples collected by the installation year.

The water meters that have been installed for less than 8 years are not the aged
water meters. If the mother proportion of aged water meters is small, it may be
possible to consider reducing the number of samples for water meters that are short
years (young) after installation to a number (about 15) where the tendency of water
meter error can be grasped.

(2) Pass/Fail test of new water meter

In the water meter tests when a water meter (DN15mm: R160) is newly
introduced, the Pass/Fail judgment is made at the following three flow points (Qi, Qo,
Q3). The test flow volume is Qs: Maximum water flow volume 2,500L/hr, Q;:
Minimum water flow volume (Q3/R=2,500/160=15L/hr), Q,: Transfer water flow
volume (Qx1.6=25L/hr). If it is within the range, its water meter will pass.
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Table-4 Pass/Fail test of new meter

Flow rate (R160) | Error range 10%

Qi: 16 L/hr -5% ~ +5% %2 Qs
2 o% ﬂ L/h
£ 109 10 Flow rate  |-000

Q2: 25 L/hr 5%~ +5% | £ @
w

R160
Qz: 2,500 L/hr 2% ~ +2%

(3) Water meter error test of sample water meters

The water meter error tests of the water meters (DN15mm) shown in Table-4 is
conducted at the following 5 points (Qis, Qso, Qis0, Qs00, Q2500, the numerical value
of the subscript is the unit of the water meter test flow rate: L/hr) This water flow
rate setting is done by the water meter error tester of the new system, but when it is
done by the water meter error tester of the old system, it is done at 5 points (Q1s, Qso,
Qi50, Q400, Q1o000) because the water supply pressure is low.

In this water meter error test, the water meter error rate of each individual water
meter is obtained instead of the Pass/Fail judgment of each water meter. The
statistical water meter error rate is calculated by using the overall average of the
water meter error rates.

Table-5  Water meter error test of sample water meters

Flow rate Error range 10%
Qas: 15 L/hr -5% ~ +5% J’Q S Qm‘ ‘ A Qusto
Quo: 50 L/hr 5% ~ +5% R m / T Flow rate | [L000 r
Quso: 150 L/hr 2%~ +2% s g
Qso0: 600 L/hr 2% ~ +2% - Removed Meter|
Qas00: 2,500 L/hr 2% ~ +2%

Old Water Meter Tester (Manual type) New Water Meter Tester (Automatic type)

Picture Water meter error tester in water test laboratory
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(4) Water meter error test method

The water meter error test flow rates are measured by 5 points: the minimum
flow rate (Qis: 15L/hr), small flow rate (Qso: 50L/hr), medium flow rate (Qiso:
150L/hr), large flow rate (Qasoo: 400L/hr), and the maximum flow rate (Qiooo:
1,000L/hr). This is for the old system, and for the new system, it will be 400 >
600L/hr and 1,000 - 2,500L/hr.

The amount of test water for each of the above test flow rates is the amount of
water that passes through the water meter for about 20 to 30 minutes. Test water
volume is the minimum flow rate (15L/hr: 10L (40 minutes)), small flow rate (50L/hr:
20L (24 minutes)), medium flow rate (150L/hr: S50L (20 minutes)), large flow rate
(400L) /hr: 200L (30 minutes)), and the maximum flow rate (1,000L/hr: 400L (24
minutes)).

The test water is flowed from the standard tank of tester and the amount of test
water is compared with the amount of water passing through each water meter. Then,
the water meter error for each flow rate is calculated.

< In the old system, the tester that can measure the amount of water passing through the water
volume standard tank is 10L unit for small tank and 200L unit for large tank. When measuring
50L, it is necessary to repeat 10L water flow in a small tank 5 times, so the actual test time

will take more than 20 minutes for each tank water drain and adjustment.

Table-6  Test flow setting for water meter error test

No. Old Test Facility New Test Facility
Flow rate Flow volume Test time Flow rate Flow volume Test time
1 15L/hr 10L 40 min 15L/hr 5L 20 min
2 50L/hr 20L (10Lx2) 24 min 50L/hr 20L 24 min
3 150L/hr 50L (10Lx5) 20 min 150L/hr 50L 20 min
4 400L/hr 200L 30 min 600L/hr 200L 20 min
5 1,000L/hr |400L (200Lx2) 24 min 2,500L/hr 1,000L 24 min

Table-7 shows 7 samples of water meter error test results, Figure-1 shows the
water meter error curve of each water meter (2. Meter Error: Green frame in Table-
7), and Figure-2 shows an X-Y plot of the number of years of installation and inherent
error (5. Error Ratio in Table-7: pink frame).

The water meter error curve data uses the numerical value obtained by the water
meter error test. The calculation of the water meter error of the inherent water meter
requires the ratio of each flow rate consumption in the home. This consumption flow
ratio (3. Consumption, 4. Consumption Ratio in Table-7) will be measured by LWB
in the future, but at present, data obtained in Japanese city is used.

As shown in Figure-1, each test flow rate is a representative value of the water
volume consumption band at home. The water meter error at the minimum flow rate
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of 15L/hr is a large minus of -5.4%, but the amount of water consumption per day is
small. However, since the amount of water consumption per day is small and the ratio
to the whole is 0.015 which is a small percentage, the water meter error rate at this
flow is only -0.08%. On the other hand, the water meter error at 1,000L/hr is only -
0.6%, but the percentage in the whole is 0.513 which is more than half, and the water
meter error rate at this flow is -0.31%. This water meter-specific error is calculated
by summing the water meter error in each band of water consumption.

>% 50, 2%
/’— N
v 0% P T 1,090, - U/hr
® o s ] 0 ot e k.m0 =—= 1,000 10,000
The following numbers 5 /" 150, -| 400, [1.7%
are the same as the wu-5% —O This water meter efror
numbers in Table-7. 15, -5.4% i
-10% -1.089
30 100 250 750
Flow range (L/hr) <30 <100 <250 <750 750 < Total ‘ Remarks
Test flow rate (L/hr) 15 50 150 400 1,000 | (Representative value)
2 Test error rate (%) -5.4 2.5 -2.2 -1.7 -0.2 ---
3.| Water consumption (L/d) 10.8 31.6 104.3 211.8 377.1 735.6 |Japan data
4. |Water consumption ratio (--)| 0.015 0.043 0.142 0.288 0.513 1.000 |Ratio of 3.
5. Error rate (%) -0.08 0.11 -0.31 -0.49 -0.31 -1.08 2.x4,
Figure-1 Representative test flow rate and water meter error calculation in the water flow band
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Table-7 Water meter error test table

Test No. 01 02 03 04 05 06 07
Meter Age (year) 12.3 13.3 8.7 3.6 4.1 5.8 4.3
Customer ID
Meter Number | 7776850 | 3802873 | 6997745 | 3794559 | 5969188 | 13002301 | 3794558
Meter Company | BAYLAN | BAYLAN | BAYLAN KENT | BAYLAN KENT | BAYLAN
Walk Number 12 12 26 26 21 26 21
Longitude 33.7929 | 33.7920 | 33.8011 | 33.8011 | 33.7986 | 33.8014 | 33.7982
Latitude -14.0152 | -14.0144 | -14.0108 | -14.0153 |, | -14.0112 | -14.0136
L/h | L L L L L L L L
Start 705.70 |  578.30 | 954.00 | Unread 858.30 | 436.80 | 909.00
= | 10 715.10 | 578.60 | 961.80 | Unread 868.30 | 436.80 | 916.90
- 10.21
5 o | 20 73550 | 578.60 | 981.10| Unread | 887.80| 436.80| 925.90
bt 20.03
2 786.20 | 578.60 | 1,031.90 | Unread | 936.90 | 436.80| 975.40
2 |15 | 50 20.05
- 1,089.50 | 752.90 | 1,229.40 | Unread | 1,133.20| 436.80 | 1,174.70
400 | 200
198.90
1,390.20 | 1,153.00 | 1,611.10 | Unread | 1,528.00 | 436.80 | 1,578.90
1000 | 400
400.01
| uh [Ave % % % % % % % %
2 15 | -45.9%]  7.9% | -97.1% | -23.6% -2.1% | -100.0% | -22.6%
S 5| 50 | -22.7% 1.8% | -100.0% -3.6% -2.6% | -100.0% | -55.1%
% 5[ 150 | -11.1% 1.2% | -100.0% 1.4% -2.0% | -100.0% -1.2%
o [ 400 | -a5%] 52.5% | -12.4% -0.7% -13% | -100.0% 0.2%
1000 | -5.1%| -24.8% 0.0% -4.6% -13% | -100.0% 1.0%
L/h L/d L/d L/d L/d L/d L/d L/d
S| V<30 10.8 10.8 10.8 10.8 10.8 10.8 10.8
S | 30<V<100 31.6 31.6 31.6 31.6 31.6 31.6 31.6
3 c|_100<v<250 104.3 104.3 104.3 104.3 104.3 104.3 104.3
§ &[ 250<v<750 211.8 211.8 211.8 211.8 211.8 211.8 211.8
= = 750<v 377.1 377.1 377.1 377.1 377.1 377.1 377.1
Total 735.6 735.6 735.6 735.6 735.6 735.6 735.6
L/h - - - - - - -
5 V<30 0.015 0.015 0.015 0.015 0.015 0.015 0.015
2 | 30<v<100 0.043 0.043 0.043 0.043 0.043 0.043 0.043
> %] 100<V<250 0.142 0.142 0.142 0.142 0.142 0.142 0.142
S “| 250<v<750 0.288 0.288 0.288 0.288 0.288 0.288 0.288
< 750<V 0.513 0.513 0.513 0.513 0.513 0.513 0.513
Total 1.000 1.000 1.000 1.000 1.000 1.000 1.000
L/h % % % % % % %
o V<30 -0.1% -1.4% -0.3% 0.0% -1.5% -0.3%
S | 30<v<100 0.1% -4.3% -0.2% -0.1% -4.3% -2.4%
5 | 100<v<250 7.4% -1.8% -0.1% -0.2% | -14.2% 0.0%
& | 250<V<750 -7.1% 0.0% -1.3% -0.4% | -28.8% 0.3%
o 750<V -12.7% 0.0% -2.3% -0.7% | -51.3% 0.5%
Ave. | -9.4% | -12.5% -7.5% -4.3% -1.4% | -100.0% -1.8%
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Description of Table-7 (Flow rate and water volume, take Test Number 01 as example)
1. Meter Count / 2. Meter Error

When the flow rate (15L/hr) is tested with the test water volume (10L), the
actual flow volume of 10.21L flowing through the water meter is changed to 715.10L
from the counter display 705.70L. The water meter error rate is calculated as follows.

[Amount of water passing through meter] - [Amount of water flow from tester]
[Amount of water flow from tester]

(715.10L - 705.70L) — 10.21L
S — x 100% = -7.9%

10.21L

- Water meter counter shows 92.1L when flowing 100L.

Next, when the flow rate (50L/hr) is tested with the test water volume (20L),
the actual flow volume of 20.03L flowing through the water meter is changed to
735.50L from the counter display 715.10L. The water meter error rate is calculated
as follows.

(735.50L - 715.10L) — 20.03L
S x 100% = +1.8%

20.03L

- Water meter counter shows 101.8L when flowing 100L.

In “1. Meter Count” of the water meter error test, the
Meter ID: 04 displayed as “Unread” indicates that the
Analog index of the litre cannot be read due to surface
cloudiness. These meters have a slight movement in the
Digital display part of the cubic meter (m?) display read by
the water meter reading during the water meter error test.
These water meters were not treated as faulty water meters

(water meter error rate: -100%) and were excluded from the water meter error
calculation.

On the other hand, for Meter ID: 06, the water meter did not count the amount
of water even when the water amount test was performed. In this case, as a faulty
(immobile) water meter, the water meter error is set to -100% and included in the
calculation of the average water meter error rate.

3. Consumption / 4. Consumption Ratio

Regarding how much each flow rate (15L/hr, 50L/hr) is used at home, the actual
water consumption in "3. Consumption" and the usage ratio in "4. Consumption
Ratio" (total: 1.000) are shown. The test flow rate of 15L/hr is a representative value

10/16



STANDARD OPERATING PROCEDURE on NRW REDUCTON (Section/Unit in charge)

Revision No. 0 SOP Number: SOP-XXX-XXX
SOP Title: XXXXXXXXXXXXXI

of less than 30L/hr as the flow rate band, and the flow rate of 50L/hr is a
representative value of 30L/hr or more and less than 100L/hr as the flow rate band.

The test flow rate of 15L/hr is the amount of water that has passed through the
water meter in the flow rate band of less than 30L/hr, and 10.8L/d is used during the
day, and the ratio is 1.5% (0.015). And, the test flow rate of 50L/hr is the amount of
water that has passed through the water meter in the flow rate band of 30L/hr or more
than less than 100L/hr, and 31.6L/d is used during the day, and the ratio is 4.3%
(0.043).

5. Error Ratio

The water meter error for each water meter is the sum of the water meter error
(2. Meter Error) at each test flow rate (representative value) and the product of the
consumption ratio (4. Consumption Ratio) in the band including each test flow rate.

Meter Error Curve
40%

15 5 150 400 ‘ 1,000 Flow test
4 Y volume
20% =y | -—
. B
L/h
3 4,000
©
< 10%
e | JL
—
w
— -
£ 0% |y,
2 10 100 1,000
-10%

New meter curve
20% I W 1

Figure-2 Water meter error curve
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Figure-3 Water meter error rate

Understanding the average amount of water used for home

It is important to understand the water consumption status of multiple
households with an average family structure in the city when the water meter error
rate is determined by the water meter error test. In order to understand this, the water
usage frequency of 24 hours at household was investigated, and the minimum flow
rate band (20L/hr or less), small flow rate band (30-80L/hr), medium flow rate band
(100-200L/hr), large flow rate band (400-800L/hr), and the maximum flow rate band
(more than 1,000L/hr), it is necessary to calculate the consumption rate.

When conducting an investigation at an average household in the water supply
area, if there is no water volume recording device such as the Load Survey, it will be
possible to make an investigation by recording the actual usage records using a
questionnaire. The grasp of the usage flow rate is to record a time of opening/closing
the faucet, a continuous usage time, an intended use, and username in the following
table.
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Table-9 Entry table of water consumption

Date | Start/End Address (DMA) Family name Meter ID Start Count
Aug.19 14:25 22/30/808 (SzD3) Banda 30984925 324m3786.3L
Temp. | Whether |[Last 3-month consumption| Customer ID Family member End Count
13-30C Fine 42m3 | 39m?® | 43m3 0087634 7 (Adlt:3 / Chld:4) 326m3101.7L

Time |Time of use Purpose of use User Amount Comment
14:30 0.6 min | Wash hands Adult 1L
14:35 40 min Washing by wash machine Adult 190 L | Not continue
14:40 | 11.5 min | Shower Child 77 L
14:55 3 min Toilet flushing Child 6L
15:30 60 min Cooking preparation Adult 46 L | Not continue
15:50 | 18.5 min | Sprinkling to garden Adult 101 L

Based on the above data, the unit water consumption for each purpose of use is

calculated. In the calculation method, at the time of the above measurement, the
amount of water used and the amount of time used are measured in detail litres for
each purpose of use in the household, and the unit amount of water used (L) and the
representative flow velocity used (L/hr) are calculated. Accurate measurement is
possible by avoiding simultaneous use of water in multiple places and by using it in
one place.

Since this survey requires the cooperation of the surveyed households and the
protection of privacy, it is desirable to conduct this survey at the LWB staff's homes
who agree with the survey contents.

Calculation of usage water consumption band

In the above, the average unit usage time and the average usage flow rate for
each purpose of use are calculated, and by multiplying each usage count, the daily
water usage in the flow rate band and the overall water usage ratio are calculated.
Since the usage pattern of water supply in each household is different, the value
calculated by the average or median of the whole is used as the representative value
of the district.
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Table-10 Usage flow rate, flow rate band

UllinG & Flow rate Typical |Flow range| Unit flow Daily water Usage
Pl eif U use range value category |Usage count usage ratio
(Average) & sory & &
Open & Close of Minimum |__
tap 0-20 L/hr 15 L/hr 15 L/hr 2% of whole| 26 L/d | 26 L/d | 0.019
zpe” & Close of 20-80 L/hr | 50 L/hr cal | |2% of whole| 26 L/d
P 50 Uhr m 58 1/d | 0.043
Wash hands 0.8 min | 40-100 L/hr 60 L/hr . 32 L/d
32 times
. . . Middle 6L
Toilet flushing 3 min 100-400 L/hr | 200 L/hr 200 L/hr 58 times 168 L/d|168L/d| 0.123
Cooking 60 min |100-1,000 L/hr| 600 L/hr 4L g1/
preparation Large 2 times
600 L/hr 190 L 4721/d | 0.346
Wash machine 20 min [400-1,000 L/hr| 700 L/hr 5 time 380 L/d
Sprinkling to 8 min  |800-1,600 L/hr| 1,200 L/hr _ 101L 1101 1/d
garden Maximum 1time 640 L/d | 0.469
Shower 10 min | 1000-2500 | gy [ LP0OLREE T TTL sy /g
L/hr 7 times
Total 1,364 L/d 1.000

(5) Water meter error test results

According to the test results of SZD3, the moving of the water meter tends to
be difficult to rotate in the entire band from the minimum flow rate to the maximum
flow rate, and the NRW rate of meter inaccuracy 9.4% is recorded as a whole. It was
found that there were 15 water meters (10%) with a water meter error exceeding -10%,
and there were about 10% of the assumed faulty water meters. In the water meter error
curve in Figure-2, there are few aged water meters that draw a general curve and
measure a normal measurement at each flow rate. The positive water meter error rate
at the minimum and small flow rates and the negative water meter error rate at large
and the maximum flow rates frequently appear. The relationship between the year of
installation and the water meter error in Figure-3 shows that water meters less than 8
years have generally good water meter error (within £2%). However, the aged water
meters over 8 years have large variations, and there are many water meters where the
water meter error rate greatly. In addition, there is a Zero Consumption water meter
with the water meter error of -100%, and it is expected to be detected early by water
meter reading and replaced.

(6) Policy decision on water meter replacement

Ideally, replacement of aged water meters and faulty water meters should be
done at once if possible. However, the renewal amount must be determined in
consideration of the balance between the purchase of new water meters and the
securing of replacement personnel, and the increase in revenue from the increase in
the water amount by exchanging them. With regard to the water meter replacement
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policy, the expenditure is preceded, and the income will be increased thereafter,
therefore, it is necessary to carefully consider the budget measures.

(7) Summary

71

7.2

The water meter error test is one of the methods for calculating the water meter
error rate within the NRW rate by the laboratory test. The calculation of this rate is
performed by statistical processing, but definition settings and preliminary surveys
are required for the calculation. The water meter error rate is an item that can be
calculated by calculation in an appropriate method using tests and statistical
processing in the NRW rate. Since the number of water meter test samples can be
increased or decreased by determining the tolerance and reliability, it is possible to
adjust the number of test samples depending on the required water meter accuracy and
execution budget.

The analysis results from the water meter error test with SZD3 are shown below.

» Number of samples: 278 (less than 8 years: 95 (39%), 8 years or more: 151
(61%), years unknown: 32)

» Unclear counter display of liters (L) (m?® display confirmed operation,
excluded from statistics): 19

» Faulty water meter (immobility meter: -100%): 15 (less than 8 years: 5, 8
years or more: 10)

» Water meter error rate: -9.4%
(less than 8 years: -7.2%, 8 years or more: -12.5%)
When all faulty water meters can be replaced: -4.1%
(less than 8 years: -1.6%, 8 years or more: -5.7%)

DATA AND/OR RECORDS MANAGEMENT
>

INTERNAL AND EXTERNAL REFERENCES

Internal References
> None

External References
» Design Criteria for Waterworks Facilities (2012) / Japan Water Works Association
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® Pulojekiti ya LiSCaP ili mkati
Kudzera mu pulojekiti ya LiSCaP, bungwe la JICA la
mdziko la Japan, likugwila ntchito limodzi ndi LWB
kuti lichepetsa madzi omwe amatayika mumzinda
wa Lilongwe.

@ Zomwe LWB ikuchita

Tidakhazikitsa nambala yaulele (Call Centre) yomwe imagwira ntchito
usiku ndi usana, masiku onse; makina amakono owelengela mabilu ndi
ena oyezera ma mita; magulu amakasitomala; komanso kuphunzitsa
owelengela ma mita luso lina lapadela.

Kugwirana manja poteteza madzi otayika;»ky,_thandizila zinthuizi:

* Kuonjezela chlwelengelo cha maka5|tomala
* Kutsitsa mtengo wamad2|
* Mibadwo yamtsogolo r nayonso |dzakha|e nd| mad2|

I
pﬂ‘nhle — ﬂ” The Time o ﬁ" . ‘;‘M

‘ KUMBUKILAMY

), Madzi ndi moyo (%

$ i udindo wa alweng'
A =

Madzi amvula omwe amatsikira mu mtsinje wa Lilongwe, amatsukidwa
ndikuthilidwa mankhwala, kenako amatumizidwa ku mipopi ya makasito-
mala

Ndalama zamabilu amadzi zomwe LWB imatolera zimagwira ntchito 1zi:

* Kusamalira zachilengedwe

* Kusamalira ma damu ndi ma thanki a madzi

* Kukonza ma payipi ndi kutumiza madzi kwa makasitomala
* Kuonjezela chiwelengelo cha makasitomala

Madzi omwe amatayika kudzera m’mapayipi ophulika, kuba kwa
makasitomala ena, komanso kuwonongeka kwa mamita amadzi
amatchedwa Non-Revenue Water (NRW).

Madzi otayika ndi ndalama zotayika! Madzi akatayika sawoleka!

@ Kusalipira ma bilu

@ kuphulika kwa
mapayipi

@ kulumikiza madzi

N Kusamalira
mwachinyengo A )
zipangizo za
@ kuba ndi kuwononga P g
madzi

katundu wa LWB

Kuchepetsa kutayika kwa madzi kuthandizira izi:

% Kupitjtsa patsogolo chitikuko chamadzi, (Madzi nthawi zonse).
% Kutsitsa mtengo wamadzi.




@ LiSCaP is in progress
Through the Lilongwe Strengthening Capacity
Project (LiSCaP), Japan International Cooperation
Agency (JICA) is implementing a project aimed at
enhancing capacity for NRW reduction and
management of LWB.

(@ LWB's management efforts

Establishment of the 24/7 toll free call center, trainings to improve the
skills and professionalism of meter readers, introduction of the billing
system, meter testing equipment, and holding meetings with residents’
(Friends of LWB) etc.

I

| Remember
Clear your bills! . ]
. water Is an essenti
You can pay your water bills through P y K
s -\ g%\ ommoditys

CUSTOMER
CALL-CENTRE

Enquiries | Reperts | Complarmta

@ @ﬂgiﬁel @ e h

Working together to reduce water loss (NRW) will help to achievethe
following. ") :

- Increased numberiof connectedicustomers.

* Reduced water tariffs. A

! * Future generations will alsglhaflse’éﬂeqklfa‘tpe water. saving Water
g S -
Let's Catch Every Dro{for Our Fumﬁtogether! ( is Everyone’s

- JE——— RiResponsibility.

Potable Water All The Time For All

LWB’s catchment conservation, water treatment, production and Water that is lost through leakages, water theft or damaged

distribution process. meters is called Non-Revenue Water.

Water lost is money lost!

@ Non payment
of bills

Through revenue (money) generated from water bills, LWB performs
the following functions.

« Catchment conservation
¢ Management of dams and treatment plants
* Water distribution

* Expansion and rehabilitation of supply network @ Water leakage
@ lllegal connection

® Vandalism

" Management of
water supply system

Reducing or eliminating water loss (NRW) will help the following:

+» Improve water supply (reduce water interruptions).
+» Make water production cheaper, leading to cheaper water rate.
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