Analysis of household night-time consumption
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ABSTRACT: Estimation of household consution is one of the key elements the analysis oiwater losse

in distribution networks. Household night consuroptiis very specific of each network and socio-
demographic context, and can vary according to iplelfactors. This paper describes an on-goingystu
aimed at assisting a Portuguese water utility @ dievelopment and implementation of a methodolagy t
guantify household night consumption based on expedles, dependent on socio-demographic anchbilli
factors. A stochastic model was developed to sitatlausehold night consumption and was testedsind®y
areas. The paper describes the selection of tadies the collection and processing of field d#ia estab-
lishment of significant night consumption meteripgriods based on cluster analysis, the identiicatind
characterization of rectangular pulse events, hadtocess of identification of and correlationhapossible
explanatory factors

1 INTRODUCTION sity and duration can be described in terms of ade-
quate statistical functions, while the time of aecu
The assessment of water losses in water distributiarence of a pulse can be described as an independen
systems, in particular the analysis of real (orgphy stochastic process (Buchbergdral 2003; Garcia
cal) water losses, involves measuring minimun2003).
night flows and their desegregation into household A Poisson process enables possible inference for
consumption, non-household consumption, excepa larger number of users (spatial scale) and larger
tional consumption and real losses. time steps (time scale) (Bosq and Nguyen 1996).
Previous studies have concluded that rules to e3-his possibility is very important since it is nfeta-
timate household night consumption are specific o§ible to have individual detailed records for every
each water utility, since they can be rather depenhd household of a district metering area (DMA) and
on socio-demographic factors (e.g., property typestatistical inference can be a good alternativesto
household size, daily habits, etc.), technicaldiect timate household night consumption.
(e.g., pressure) and climatic factors (UK Water In- Previous work indicated that household night
dustry 1994; Warren 2002). Many publicly availableconsumption is influenced by socio-demographic
results of household night consumption are convariables such as number of occupants and type of
nected to data obtained in the United Kingdom (UKdwelling (Warren 2002).
Water Industry 1994). These results tend to be This paper describes a on-going study aimed at
adopted elsewhere, as is the case in Portugaltodueassisting a Portuguese water utility in the dewvelop
the local unavailability of similar studies. Howeye ment and implementation of a methodology to quan-
aspects such as the inexistence of generalizady household night consumption based on expedite
household water metering, the predominance of deules, dependent on socio-demographic and billing
tached houses for living and a generalised use d#actors. The focus of the paper is the methodology
domestic tanks are major constraints for the ertrap developed and adopted, which significantly differs
lation of British parameters to other regions wdth ~ from the approach used in the UK. The main steps of
ferent contexts. each module of this methodology are described: 1)
At the household level, several authors describarea selection, 2) data collection, validation and
consumption as being based on rectangular pulggocessing and 3) consumption modelling and pre-
events characterised by three variables: arriva¢ ti sents the stochastic model developed. The applica-
over day, duration and intensity (Buchberger andion to case studies of the above-mentioned uiigity
Wells 1996; Garcia 2003; Garogh al 2003). Inten-  presented.



2 METHODOLOGY proaches already published (Buchberger and Wells
1996; Garcia 2003) and adapted for the case studies
The proposed methodology for household night coneonsidered.
sumption estimation (Figure 1) is based on a génera The objective of Module 4 is the identification of
methodology developed by Loureiro (2006) forthe most important factors influencing household
analysis of consumption. The same methodology isight consumption. Billing, customer and socio-
presented in a companion paper - Loureztoal. demographic variables were established. Exploratory
(2009) — though applied at a different space scaldata techniques were used to identify inter refetio
and with a different objective (i.e., to characeri Module 5 focuses on the extrapolation of house-
daily consumption patterns). hold consumption to DMA level based on consump-
vodue! | on Selection | tion parameters obtained for study areas (Module 3)
o w Thus it is necessary to know the number of useds an

' ;
| Data Collection | [Tousehold consumption data | the time used to access water losses.
Module 2 i [ Billing and customer data |
‘ Data va]idation‘ and processing ‘ [ Social-demographic data |
|
e : 3 CASE STUDIES SELECTION
Identification of night consumption
petiod

Module 3

Case studies selection involved the identificatdn
samples of household users (i.e., number and tiype o
household users) from existing DMA and definition
of meter and telemetry requirements to achieve
study objectives.

Household night consumption should correspond
Household night consumption ‘ exclusively to residential users and monitored as

inference clusters of similar characteristics, located in kma

areas (e.g., building or a set of buildings atedtre

level) and not at household level. This type ofigtu

Module 1 includes the selection and boundary,e,” qoes not require the replacement of existing
definition the study areas to be monitored andee ,,,,5ehold water meters, or the involvement of cli-
tabllsh_ment of telemetry requirements (i.e., con, nts. In terms of telemetry system, this optiokess
sumption meter, pulse emitter, datalogger, anfemanding in terms of data iogging and communica-
communication system). An accurate identification;jo, systems. It has the disadvantage of measuring
of consumption is necessary to separate leaks frofjjc, possible water losses (i.e., at pipe, serire

consumption. For this reason study areas should COfection and private connection pipe level) besides
respond to small unitsX30 users), a reduced time ,, ;sehold consumption (i.e., use and plumbing
step (e.g., 1 minute) and very accurate consumpthgsses)_

meters on minimum flows are required. The data |, order to obtain study areas with a homogene-

collection programme should have duration comy ,« number of household users, excluding non-

patible with the analysis of consumption during win ,,,sehold users and with a reduced water losses
ter and summer periods (|.e.,_h|gher than 3 months) component, study areas with approximately 30

The objective of Module 2 is to collect the data. | j,sehold users were selected (Figure 2). Study ar-
requires preliminary tests to verify that consumpti o4 ith this size allow a better separation betwee
and pressure data are being adequately collecte nsumption and water losses and a proper model-
Particularly, testing data collected should be aN3ing of household nigh
lysed to validate telemetry systems installed amd u & g = o
derstand how the consumption meter is working. Tegs ‘*"
lemetry data must always be validated with loca 3
readings. In this case study, data about billind an
customers data was provided by the water utility an
socio-demographic data was obtained from the las
Census.

The goal of Module 3 is to develop a stochasti
model for household night consumption. This modez~
allows an analytical description of household night.:
consumption and statistical inference of consump_*
tion for different time and spatial scale unitse®+ =
ously the identification of minimum night consump-
tion period was performed for each study area. A
consumption model was developed based on aR,

Identification and characterization of
rectangular pulse events

Household night consumption
variables

‘ Calculation of variables ‘

‘Billing and customer variables ‘

Module 4 ‘ Household night consumption ‘

characterization

‘Social-demographic variables ‘

Module 5 ‘

Figure 1 — General methodology.
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Figure 2. Study area map and meter location.

Each study area was selected in order to have
cio-demographic (i.e., building, population, fam-



ily) and billing characteristics (i.e., per houskho transmission can be local, using a cable or remote,
consumption and tariff structure variables) simitar using GSM. Due to the volume of data generated per
the DMA where they are included. Previously, aday and time necessary to communicate, data was
characterization of consumption in each DMA hassent daily to a central. Evaluating network commu-
been performed and relations with socio-nication strength during a preliminary campaign is
demographic variables have been found (Loureiro fundamental. Data consumption and pressure is ac-
al. 2009). A set of eight study areas were select frommessed via web.

8 DMA (Table 1).

Table 1. Study areas characteristics.

Study Consumption | Number of | Consumption
area meter location users per client
(Iclient/day)
ALF-sc | Service connec- 21 290.0
tion (sc)
AA-s Street (s) 31 228.6
BA-s Street (s) 28 270.2
FC-s Street (s) 23 285.5 &
FN-s Street (s) 32 198.7 b)
NO-s Street (s) 28 576.1 Figure 3. Equipment installed during a) prelimindata test-
QMP-s Street (s) 33 253.1 ing programme and during b) the collection programm
SA-sc Service connec- 20 282.9
tion (sc)

Due to study requirements, in terms of high accu-4 DATA COLLECTION AND PROCESSING

racy on household night consumption, and the UN&onsumption and pressure data were collected and
certainty associated to maximum consumption val- P P

ues, a combined consumption meter has be ocessed in order to validate telemetry systems in
selected (Figure 2b). This meter has a nominal dgt@|ed and to understand how the consumption me-
ameter of 50 mm and extreme flows af;Q= 6 I/h ter is worklng. Tgl_emetry data was compared with
and Qnax = 90 N/, in order to cover a large range chal readings. Billing a}r_ld customer data were pro-
of flow values. Although with an initial cost sigiai _ v.d€d by the water utility and socio-demographic
cantly higher when compared to a simple traditionafjata were obtained from the last Census carried out
consumption meter, this type of meter allows the" 2001.

elimination of pressure drop problems and mini- 3000 12

mizes the degradation of consumption meters tc
maximum consumption values, which can result in= -y
lower O&M costs. At the same time, the combined § ***°
meter allows satisfying consumption meter require- £ 1500+
ments in terms of household night consumption.
This type of meter has also the advantage of bein
easily applicable in other study areas with higher
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number of clients. 0 "0
In terms of pulse emitter type, the main require- FriSat. S Mon - Tue  Wed  Thu

ments were a high resolution and the minimization Weekday

of electromagnetic interferences. Thus, an optica secondary meter dater— Primary meter data— Presstre

solution has been selected and installed, allowing F19uré 4. Consumption and pressure data collectestualy
. - .. area “SA-sc”.
resolution of 1 pulse/litre and 1 pulse/ 0.1 litias

the P'.““Cipa' and secondary consumption meter, reIfigure 4 shows consumption and pressure data col-
spectively. In terms of data logger, the most rahdv lected at study area “SA-sc”. Consumption data was

fypﬂag;?;'gﬂfschcgr?ﬁé?ser(?cé ngrg:]eit;Tan:jurgr?:IE)gi];;n llected from two channels, since the combined

protection class frequenéy"of data reading and da eter is com_posed by two meters: ) secondary_ me-

transmission, t ’e of data transmission (i.e.,lloca er (volumetric meter) with high accuracy on mini-
Ay e mum consumption values; and ii) primary meter

remote) and battery life. . Woltmann meter) to measure maximum consump-
In this study, a time step of 1 minute was adopte on values

to collect consumption (i.e., 2 digital channelafa
pressure (i.e., 1 analogical channel) during 12
months. Loggers IP 68 (i.e., protection class)hwit
capacity to collect data during 15 days, with batte
ies with 6 month of duration were selected. Data



5 ESTABLISHING A NIGHT CONSUMPTION

10000

METERING PERIOD 9000 x\ .
_ 8000 \ p

Previously to consumption modelling, it is impottan = Zggg s\ /
to establish a homogeneous minimum night con-& 500 N B
sumption period in each study area. In additiors it 2 4000 k\.\\\\ A
important to detect week days that do not follow th S 3000 L — ~N—
same behaviour during the night. To achieve thes: 2™ I
objectives, clusters analysis has been used. Agglon 0 | | | | |
erative hierarchical clustering has been adoptetl an 0 1 2 3 4 5 6

different distance measures and types of linkage
were tested. Figures 3 and 4 show the results -of ag
glomerative hierarchical clustering using Euclidean
distances and Ward’s method as type of linkage, for
study areas SA-sc and QMP-s. Figure 5. Hour night consumption for study are&4Rgs, SA-

In the case of SA-sc, three clusters were obtained¢ BA-s and FC-s.
grouping hour consumption respective to 3-4 a.m.,
2-5 a.m. and isolating consumption at 1 a.m. Ac-
cording to Figure 5, the period 3-4 a.m. corresgond® IDENTIFICATION AND
to the minimum night consumption period. CHARACTERIZATION OF RECTANGULAR

In the case of QMP-s also three grouping clusters PULSE EVENTS
ware obtained: i) 1 a.m.; ii) 2-3 a.m.; iii) 4-5ma. ) _ ) o
(Figure 4) and the minimum n|ght penod Corre_S|nce In StUdy areas n|ght Consumptlon IS Char-actel’
Sponds to 4-5 a.m (Figure 5) These periods Werged by a low rate Of events and most of them (Eto no
adopted for household night consumption modelling@veriap, consumption behaviour can be considered

Hour
—— Study area QMP-s—8— Study area SA-s
---a--- Study area BA-s —-s- - Study area FC-s
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Figure 5. Dendrogram for variable “hour” during migperiod

for study area “SA-sc”.

for study area “QMP-s”

similar to a single user. Converting consumption
into single equivalent events (SERP), Buchberger
and Wells (1996) found that the occurrence of pulse
can be described as an independent stochastic proc-
ess. This result was later confirmed (Garcia 2003).
Poisson process allows extrapolating the results ob
tained for a larger number of users (i.e., spa-tial
scale) and larger time steps (i.e., time scales@Bo
and Nguyen 1996). For these reasons and consider-
ing the objectives of the study and algorithm te ob
tain and characterize SERP was developed based on
these assumptions.

9000 Prior to SERP calculation, plumbing losses were

3222 separated from consumption. In general, minimum
% 6000 night consumption in the study areas ranges between
£ oo 6 I/h and 40 I/h. Figures 6 and 7 show daily vaoiat
8 4000 Cluster 1 Cluster 2 Cluster 3 of minimum and average night flow and pressure for
£ 3000 study areas “SA-sc” and BA-s.
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Figure 6. Dendrogram for variable “hour” during migperiod 100 } Wf\w"w’ 850

In both study areas household consumption a
1 a.m. is completely different from the remaining
hours analyzed. This type of analysis allows dateo t
identification of seasonal effects on householdnig

consumption.
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Figure 6. Minimum night consumption, average nigoh-
sumption (2:00-5:00) and pressure for study aréaess'.



ty, the duration igl, and the intensity ik, minus the

140 9.00 . ™
) | s00 weighted average calculated above. If the condition
120 /l\ | 00 for either case aren’t met then all three usesane
5 100} 6005 sidered to be isolated events.
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Figure 7. Minimum night consumption, average nigbn-
sumption (2:00-5:00) and pressure for study are®5RB = R
S <
The algorithm for calculation of SERP is com- ‘g = &
posed of two steps. The first step, designated byg é
smoothing process (Buchberger and Wells 1996) | | = | ’ |

consists in obtaining blocks of eventsr(or! Ref- Time (min) Time (min)
erence sour ce not found.).

Figure 10. Pulse separation (case b).

The number of households occupied at a given time

I follows a Poisson distribution and the intensity fo
lows a Weibull Distribution, in agreement with pre-
’7 vious studies (Buchberger and Wells 1996; Garcia
Time (min) Time (min) 2003).

Figure 11 illustrates the adjustment of busy
homes that is achieved by the Poisson distribution,

The following step is the pulse separation of coWhere tr‘!e red line represents the expected frequen-
incident water use for which three basic underlyingi€S of “Busy Homes” and the striped area repre-
assumptions were used: (i) two pulses can neith&€nts their absolute frequencies from the studg are
start nor end at the same time; (ii) coincidentewvat FC-S. For the Chi-Square test the p-value is ap-
use causes an increase of intensity; and (jii) @stm Proximately 0.07.
two events occur simultaneously. The latter assump-
tion, which is the less evident, was tested and cor
firmed for the study areas analysed. 6000

In overlapping events, three situations can occul
(&) two pulses partially overlap; (b) a pulse com-
pletely contains another; or (c) three pulses occL
sequentially without overlapping and in all sitoats
there are 3 pulses with initial tintg¢ durationd; and
intensityl;. The first situation (Figure 9) is detected = 2000
when the intensity of the middle blotk is between
85% and 100% of the sum of the other two (Garcii
2003), in which case the three pulses are separat o Wz
into two pulses, the first with initial instaty, dura- 0 ! 2 3
tion d;+d, and intensityl;* and the second with ini-
tial instantt,, durationd,+d; and intensitys*, where
I,* and I3* are respectively; andl; minus a correct-
ing factor so that the volume is preserved. In th

s_econd situation (F‘QU“? 10) the intensities of the?:igure 12 presents the PP Plot adjusting the ob-
first and last block are similar. In this case thee  sor e intensities from the study area FC-s to & We

uses are separated in two SERPs as follows: the iry | gistribution and again the observed datatfits
tial block of the first one ist;, its duration is distribution reasonably well.

d,+d,+ds and its intensity a weighted averagel pf
andls; as for the second SERP, the initial instant is

=

Intensity (I/h)
Intensity (I/h)

Figure 8. Signal smoothing.

7000

5000

4000

3000

No. of observations

R ..
AN

Category

Figure 11. Absolute frequencies of “busy Homes"adahd
éheir expected values under a Poisson model.



1.4

plementation of a methodology to quantify house-
hold night consumption based on expedite rules, de-
pendent on socio-demographic and billing factdrs. |
was possible to establish a methodology for the as-
sessment of household night consumption based on a
set of study areas representative of households user
in DMA of water utility. Requirements for study
area and telemetry systems have been established. A
stochastic model for household night consumption
has been developed and is being validated and con-
o2 solidated for 8 study areas. Modules 4 and 5 are in
0.0 0.2 0.4 06 0.8 10 12 development in order to: i) find the most relevant
Theoretical cumulative distribution factors that influence household night consumption
: and; ii) extrapolate consumption for a different
Figure 12. Weibull PP-p'Ot for “Intensities” data. number Of user and to a “me Step Compatib|e W|th
the water losses methodology implemented in the
water utility.

Empirical cumulative distribution

7 CALCULATION OF VARIABLES
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8 CONCLUSIONS

An on-going study is described, aimed at assisding
Portuguese water utility in the development and im-



