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A reuiew i,s g'iuen of domest'ic hot-water consurnpt'ion fo,
fir, di,fferent types of dwelli,ngs 'in the deuelopd, and deuel-

op'ing con'Lmun'it'ies of the Johannesburg Metrlplli.,tan aru,z

South Afri,ca. The types of dwelli,ngs are houses, town
houses, apartments, trad'it'ional houses and shacks. The

co nsun'Lpt'io ns w ere d eterm'ind, wi,th d'irect mu"surements
ouer a period of one Ae-ar (1996) 'in 770 dwell'ings. The

hot-water consumpt'ions were taken monthly wi,th the efr-

ception of 310 dwelli,ngs - where the n'Lensuren'Lents were

als o log g el,, result'ing'in hourly hot-water consunxpt'ions.

The results of the two types of mensurements are presented

for the di,fferent types of dwellings: firstly, hot-water con-

sumpt'ion per person per day fo, the di.,fferent months of
a Ae-ar; and secondly, hourly hot-water consunxpti'on per
persln per day as a functi,on of wi,nter weekdays.

Nomenclature

Cp heating capacity of water at constant
pressure, Jkg.K

d number of days in the relevant rnonth
ms assumed hot-water consurnption at

a temperature of 65'C
?T11, measured hot-water consurnption, Iitres
n number of people per dwelling
Ts reference temperature of 65'C
Ty feed-water temperature, o C
Trn measured hot-water temperature, o C

Introduction

The heating of domestic hot water is an important com-
ponent of energy consurnption in the residential sector in
many countries. The enerry consumed in the residential
sector in the USA, for example, is second only to space
heating in the residential sector. However, reliable perfor-
mance data on domestic water heaters are limited, and the
available information is dated.2 Due to this problem, the
values used for sizing and the performance of hot-water
equipment are usually not accurate and produce incorrect
results when compared to measured test data.

Becker k Stogsdill3 found that the utility industry,
consulting engineers and water-heater manufacturers are
meeting difficulties in developing new equipment and rnore
efficient systems, as well as in analysing existing ones. For
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these reasons, a survey was conducted in the IJSA. The
survey included the research of published literature, en-

quiries at laboratories, manufacturers, the government and
trade and professional organisations, as well as an exten-
sive cornputer literature search. Of the 36 references col-
Iected, nine were found to contain data directly related to
patterns of hot-water use. In order to process the infor-
mation effectively, a database, containing more than 30

rnillion data points, was established from the nine perti-
nent reports.

Owing to South Africa's very rnild climate, hot-water
consumption and not space heating is the largest
user of energy in the domestic sector. Bstimates vary, but
figures as high as 40% to 50% of the monthly electricity
use of an average rniddle.to-upper income household have
been quoted for water heating in the South African Enerry
Policy Discussion Document.l3

Three sources of reference on hot-water consumption
are known in South Africa: the first being Bassonl in
which a value of 50 litres per person per d.y is quoted
for developed comrnunities. The second source of infor-
rnation on hot-water consumption is that of Meyer k
Greyvenstein,G which endorses the value of Basson in sum-
rner, but adapts the value for the rest of the season with
a cosine function. This implies that the average hot-water
consumption per person varies between a minimum of 50

Iitres during December (summer) and 75 litres during June
(winter). This data are, however, only used in and applica-
ble to the average developed community of South Africa.
The third source on hot-water consumption rates is that
of Beutea in which a figure of 35 litres per person per d.y
for people in developing communities is suggested. The
figure ir, however, an estimated consurnption, which was
not based on any direct measurements.

No reliable data therefore exist for hot-water con-
sumption in South Africa, although the values of Meyer
k Greyvenstein6 are used by many engineers in industry.
tven though there is a possibility of using the database
developed by Becker & Stogsdill3 for the USA, Schipperr4
found that Arnericans use up to seven times rnore hot wa-
ter than the citizens of certain developed European coun-
tries. Schipper, &s well as Vine,ls concluded that hot-
water consumption is influenced by cultural and social
norms. Therefore, although a well-established database
system is available on the hot-water consumption patterns
of Americans, it cannot be applied to the South African
situation.

The building of large numbers of new dwellings and
electrification in South Africa have opened up a large mar-
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ket for hot-water storage systems, and many companies
around the world are trying to develop cheaper hot-water
storage systems. Hot-water systems under consideration
for the developing communities are instant water heaters,
solar systerns, paraffin systems, and small storage tanks.
For the developed comrnunities it is solar and hot-water
heat pumps. Cost is the major concern in the develop-
ing communities while efficiency and environmental im-
pact are getting more important in the developed com-
munities. Before optimising hot-water heating systems for
both the developed and developing communities, the av-
erage daily hot-water consumptions as well as the peak
hot-water consumptions are necessary to determine the
hot-water storage capacity and optimum heating capacity.

The purpose in this paper was to sumrnarise results
from measurements taken on hot-water consumption in the
developed and developing communities of South Africa.
This data can also be used for the rest of Africa until better
data are gathered. The data are a review of work already
published in international literature by the author on this
subject. Since the results are specifically valid for South
Africa, it was also the purpose of this paper to present
these results, which were probably not known to rnany
South African engineel's, to a predominately South African
audience in a South African journal. The already pub-
lished work in this regard can be divided into results for
housss,9 to*n houses, t t.p.rtments,12 traditional houses,S

and shacks.10 The ernphasis of the work is on the data and
not on investigating the social behaviour of hot-water con-
sumption, except where this could be easily determined.

Description of houses

According to the latest household survey of the Central
Statistical Service (1995), there are B 687 607 dwellings in
South Africa of which 5 790 446 or 66.7% are defined as

houses or parts of houses. The other categories of dwellings
are traditional dwellings (L4.1%), shacks (7.8%), apart-
ments (4%), hostels/r'ooms (3.5%), town houses/semi-
detached houses (2 7%), shacks on same site as house ( I%),
and other (0.39%) Different categories of dwellings are de-
fined according to the materials used for the construction
of the walls and roof.The dwellings considered in this study
are given in Table 1. Hostels/roorns were not considered
for logistical and budget reasons. Most traditional houses
do not have electricity arrd therefore do not have any stor-
age tanks. The traditional houses selected, however, did
have electricity and hot-water storage tanks and rnost of
them were situated on farrns or smallholdings where access

to electricity was provided by the farmer, even though the
dwellings were not constructed from bricks, etc.

For the purpose of this study, dwellings were divided
into three groups that represent the developed and de-
veloping cornrnunities of South Africa. The groups are
dwellings of low, mediuh, and high density. Low- and
medium-density dwellings represented the developed com-
munity and high density dwellings the developing cornmu-
nity. The dwelling densities in dwellings per square kilome-

tre (dwellings per square mile) and number of occupants
for each group were also determined in the survey. The age
of occupants was not taken into consideration and every
person (irrespective of age) was counted as one occupant.

Table 1 Densities and number of occupants for different
categories of dwellings considered

Category
Density Occupants

[dwellings/km2] per dwelling
Ifouses

Low density
Medium density
High density

Thaditional

Shacks

Apartments
Low density

Vledium density
High density

Townhouses
Low density

Medium density
High density

Domestic water heating

The methods used in South Africa for heating donrestic
hot water are: solar heating, heat pumps, gos heating, and
electrical elements. Although South Africa is one of the
countries in the world that are most suited for solar heat-
i^g, an insignificant number of dwellings are fitted with
solar water-heating systems. The reason for this is the
high capital cost and the low cost of electricity. Domestic
hot-water heat pumpso have only recently started to pen-
etrate the residential market and the number of units in
use is therefore very srnall. Unlike many countries in the
world, natural gas is not readily available in South Africa
and is therefore not distributed to dwellings via pipelines.
Therefore, gas in pressurised bottles is usually only used
in rural areas where electricity is not available. Most of
the houses in South Africa with access to electricity use
electric geysers for water heating. The geyser c.onsists of
an insulated hot-water storage tank and an immersed elec-
trical resistant element.

Monthly mea,surements

Vleasurements of hot-water cotrsumption were taken in the
Johannesburg Metropolitan area for a period of one .y€r'
(1996) tn77O dwellings. The hot-water consumptions were
taken monthly, except in 310 dwellings where the mea.sure
ments were logged, resulting in hourly hot-water consurnp-
tions. The measurements were taken as shown in Table2.

845
2029
3 857

I72O to 40 000

60 000

4 960
8 734

26874

3 810
8 116

25 L95

3.1

3B
62

5.7 to 8.2

3.8

2.2
3.3
38

2.L
3.3
3.7
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Table 2 Number of dwellings rneasured

Category Number of dwellings
I{ouses

Low density
lVledium density
High density

Total

Tbaditional houses

Shacks

Apartments
Lorv density

Nzlediurn densitl'
High density

Total

Townhouses
Low density

Mediurn density
High density

Total

100

100

100

300

90

200

30
30

30

90

30

30

30
90

Different dwellings in .Iohannesburg were selected ac-
cording to Table 2 and a rvater meter was installed in each,
just upstream of the hot-water tank. The water meter was
a volumetric-type domestic water meter operating on the
rotarl' principle. The rnaximum inaccuracy of the rneter',
rvlrich occut't'ed at flow rates lorver than 15 !lh. was less

than 5% If the florv rate was higher than 22.5 (-lh, the in-
ac:(:urac.y was less tharr 2% After installation of the 'vvater'
rnetet'. the geysel' thet'tnostats were set at a temperature of
65 Cl. r,vhic;h is ttre factory setting on lnost geysers. When
ttre dwellings were selected. care was taken to ensure that
the capacities of the geysers allowed enough hot water'.
u'hich would elrsul'e that rnost of the hot water rvould be
used at appt'oximately the hot-water storage ternperature.

On the last duy of every month ttre reading on eaclr

meter was taken to obtain the total household consurnp-
tion. The hot-water t,ernperature was also checked to en-
sure that the rvater'\,vas still stored at 65'C. The number
of people staying in a house was verified and the average
hot-water consumption per person per d.y for the relevant
tnotrth wa^s calculated.

Llniversity students tclok the nreasurements over a pe-
riod of one year'. Eactr student had to take ten rreasure-
nrents at different dr,vellings at the end of each nronth. It
was, howevel'. not alwa.ys possible to take the rrreasure-
ments orr the last d.y of the rnonth, &s the occupants were
rrot always at home. In such cases the necessary adjust-
rnents were made to the data by adding an extra d.y or'

two for calculation of the consurnption.

Shacks are invariably occupied illegally, on unused
land. as Itear as possible to city centres. The occupants are
usually unemployed or, if employed, earn below the bread-
line. The largest settlements al'e found next to rivers or

stt'eatrts from which 'uvater is used for dorrrestic purposes.
In the case of shack owners. however, electrical heating
methods cannot be afforded and are usually not available.
The rnost common rnethod of hot-water heating is on open
fires in pots.

Two hundred shacks in Johannesburg were identified
from rnol'e than twenty different squatter settlements and
the ownel's were issued with a specially calibrated pot and
a thermometer. The calibration marks on the pot and
thet'mometer were in diff'erent colours as illiteracy is gen-
et'al. Each d.y colout'ed score sheets were issued on whictr
the owner rnarked the colour of the pot, the colour of the
thermometer and a clock. orr which the approximate time
of use was drawn.

Clean scol'e sheets were handed out and used sheets
wel'e c,ollected daily by university students r,vtro also wrclte
ttre date on the scol'e sheets. In the beginning ttre students
supervised the pl'ocess of heating the water and filling in
of the scol'e sheets until the owner was confident enough
to do it alone. Frorn the score sheet the arnount of rva-
ter', feed-water temperature. hot-water ternperature and
time of use could be deduced. The rneasurements were
takerr over a period of one year. Each student had to take
rneasurements in ten shacks daily. The volumes of hot wa-
ter per person per d.y were calculated, but adjusted to a
Lrot-rvater temperature of 65oC using the fir'st larv of ther'-
modynamics, based on the assumption that the amount of
heat used would be the same:

'R, TrL1, d Co (Tr" - Tf) - 'n, rns d C, (To - T) (l )

Heat losses to the environrnent were not taken into (:on-

sideration. The trot-rvatet' consumption at tr l,enrperatrrre
of 65 'C therefore reduced to

'trLn - rruT (T,n - Ty) I $S - Tt\ (2)

The reason a t'eference tenrperature of 65'Cl wtrs used. \vas
that it is the average storage temperature in rnost hot-
watet' stot'age tanks irr ttre developed comrnunit.y of Souttr
Africa.'

Average daily atnbierrt temperatures and ground tern-
pet'atut'es at a depth of 300 mrn were erlso rneasured in
Auckland Park, Johannesburg. It could be assumed that
the feed-water temperature to the storage tanks was equal
to the ground temperatures at a depth of 300 trrm.7 Ttre
results of these measurements are giverr in Figure 1.

Results of monthly consumptions

The t'esults of the rreasurements of hot-water consurnp-
tion are given in Figures 2 to 6. Average hot-water con-
surnptions in litres per person per dry are given ils a func-
tion of the different months of the year for low-, rrredium-.
and high-density dwellings. where relevant. The rrraxinrurn
standard deviatiorrs fi'om the average values are giverr in
Table 3.

It could be concluded that the consurnption in houses,
apartments, and town houses was much higher than in tra-
ditional houses and shacks. The reason for this was that
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the last two are occupied rnainly by the developing com-
munity. It could also be deduced that the average hot-
water consumption was low in the sumrner months (O"-
tober to March) and the highest consumption occurred
during midwinter (June/July). In general it increased by
approximately 70% frorn surnmer to wintet'.

Table 3 Maxirnurn standard deviation from the averages
for the different types; of dwellings

Summer Winter'
Category standard deviation standard deviation
Houses

T!'aditional

Shacks

Apartrnents

Townhouses

+17%

+20%

+16%

+B%

+e%

+30y

+34%

+26%

+23%

+14%

Hourly measurements

Thirty houses (10 in each category of low-, rnedium- and
higtr-density). 30 traditional houses, 30 apartments (10 in
each category of low-, medium- and high-density), and 30

town houses (10 in each category of low-, medium- and
high-density) were fitted rvith digital flowmeters just up-
streanr of the hot-water geyser', and measurements were
taketr with a 60 minute-intet'val recorder. The maximurn
inaccuracy of the rneter was less than 3% Again, all the
geyser thermostats were set at 65" C and rneasurements
were taken over a period of one year. In the selection of
housrx; care was taken to ensure that ttre capacity of the
geyser allowed enough hot water'. This ensured that most
of the hot water would be used at approxirnately the geyser
storage temperature. The dwellings selected had monthly
hot-watet' consumptions vel'y close to the rnonthly average
values in Figures 2,, 3, 5, and 6, r'espectively, thus assur'-
ing that the users \vere not outside the standard deviations
given in Table 3. In the case of shacks the score sheets pro-
vided sufficient infornration to deterrnine the hourly con-
sumptrons.

Results of hourly consumptions

It was found that rneasurements of average hourly hot-
water usages had to be divided into four categories.
namely. surnmer weekdays, surrrmer week-ends, winter'
weekdays, and winter week-ends. It was important to
distinguish between these categories as it was found that
each category differed from the other on the specific time.s
that peaks occurred and on consumptiorr. The aver'-
age winter weekly hot-water usages were the highest and
al'e given in Figures 7 to 11. The results for summer'
weekdays, summer week-ends and winter week-ends are
not given here. These results, however, can be found
in the publications of Meyer k Tshimankinda,8 Meyer'

k Tshimankinda,e Meyer k Tshimankind.,l0 Meyer k
Tshimankindu,ll Meyer k Tshimankinda.r2 The rnaxi-
rnum deviation from the averages for all dwelling measure
ments varied between +I7% during sumrner and +30%
during winter. Therefore 95% of the measurements were
within 17% of the average during summer, but in winter
these were higher , +3oyo, frorn the average. R,esults of
summer weekdays, summer week-ends and winter week-
ends, which differred from the results given in Figures
7 to 11, are given in Meyer k Tshirnankinda.e Meyer
k Tshimankind.,l I Meyer k Tshimankind u,r2 Meyer k
Tshimankinda,8 Meyer & Tshimankinda. 10

Discussion

It can be deduced frorn the results that people occupy-
i.rg low-density houses use 3.6 times more hot water than
people living in high-density houses. This is expected
since, in general, high-density houses represent the low-
income group whilst the high-income group live in low-
density houses. It can also be concluded from Figure 2

that hot-water consumption in houses increases by 70%
fi'om summer to winter'. The annual average hot-water
consumptions per persorl per d.y for low-, medium- and
high-density houses were 9I .4, 59.3, and 25 .4 (., respec-
tively. For traditional houses it was 5.6 (. per person per
d.y. For shacks the average was 2.7 (, per person per d.y
at a temperature of 65"C. For apartments the annual av-
erage hot-water consurnptions per person per day for low-
. medium- and high density apartrnents were 89.4, 56.0,
atrd 2L6 (., r'espectively. These figures were very similar
to houses, with a maximum deviation of L5%. For town
houses these figures were 88.6, 66.8, and 61.5 (., respec-
tively.

From Figures 7 to 11 it can be concluded that two
peaks exist for winter (Muy to August), a morning peak
and an evening peak of approximately the sarne size. The
morning peak for high-density houses (Figure 7) was at
06:00 while it was at 08:00 for low-density housa;. The
same tendency existed for the evening peak, which was at
1B:00 for high-density hous6, and at 20:00 for low-densit-v
houses. The difference between the two peaks was 2 h. Irr
principle the same type of behaviour was found for tra-
ditional houses; (Figur" B), shacks (Figur" 9), apartments
(Figure 10) , and town houses (Figure 11)

Table 4 Average travel time between
house and work

Category of house Time [rninutes]
Low density

Mediurn density 34

High density 85

The reason for the difference was the time differ-
ence in travel between home and work. In general it was
found that people living in low-density houses stayed closer

2I
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to their place of work than people living in high-density
houses, &s can be seen from Table 4.

It wa^s also found that people living in high-density
houses were more dependent on public transport. T'he

reason why the evening peak for high-density houses was

earlier is that people living in high-density houses go to
bed earlier as they have to get up earlier to be on time fot'

work.
The earliest peak for all the different types of

dwellirrgs was for shacks, rvhich was at 05:00. This makes

sense since people living in shacks al'e dependent on pub-
lic transport and furtherrnore the shacks are usually built
on the peripheral area of cities. On the other hand, the
peak for people staying in apat'trnents and town houses

was betweeu 06:00 and 08:00 because they live closet' to
their work and were also closer to the city centt'e.

Conclusions

It was found fi'om measurernents that people living in
Johannesburg and occupying low-density houses used al-
most four times more hot watet' than people living irl
high-density houses. This was expected since, in gen-

eral, high-density houses I'epl'esent the low-income oI' de-

veloping cornrnunity whilst low-density houses rept'esent

the high-inconte ot' developed community in South Africa.
It was also found that hot-water consumption inct'eased

by 70% from surnmet' to winter.
It was also concluded that rneasurements of avel'age

hourly hot-water usages must be divided into four sec-

tions, namely, surnmer weekdays, summer week-ends, win-
ter weekdays, and winter week-ends. Each section differs
frorn the other orr the specific tirnes that peaks occut'and
also on cronsumptions. In all cases, however, two peaks

occur, namely, u mot'ning peak and an evening peak. The
highest peaks occur on wintet' weekdays.
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