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Abstract

To revert the non-sustainable tendency of increasing surface and groundwater extraction to satisfy the rising demand of water, a more
sustainable use of this essential resource must be done. Rainwater harvesting (RWH) systems are progressively becoming a part of the
sustainable water management measures. However, they require a careful study to assess their feasibility, especially in large buildings,
since they employ considerable investment costs and, in some cases, long payback periods.

This paper aims to define the best configuration for an RWH system of a commercial building, considering different scenarios of sup-
plied non-potable uses, each of them with a subsequent rainwater storage volume. The results from three different scenarios are
presented.
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1. Introduction

Water stress, that occurs when the demand for water
exceeds the available amount during a certain period or
when poor quality restricts its use (EEA, 2009), is a reality
in many countries and climate change will only accentuate
the frequency and intensity of those events in the future,
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namely in southern European countries (EEA, 2009), such
as Portugal that has a high potential of water resources,
although not available to use due to inappropriate tempo-
ral and spatial distributions. Besides, Portugal is already in
the rank of countries with medium water stress (10–20%)
worsened by high values of water use inefficiency, mainly
in agriculture and urban areas (Melo-Batista, 2002).

To reverse the non-sustainable tendency of increasing
surface and groundwater extraction to satisfy the rising
demand of water, some changes must be done. In urban
areas, those changes must focus on transforming people’s
behaviour, application of efficient measurements to reduce
leakage and illegal water consumption in public supply sys-
tems, and raising the efficiency of water use. This efficiency
shall be achieved by decreasing potable water consumption
as well as wastewater production without compromising
the comfort requirements on use. Urban water use is one
uction and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
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of the most expensive potable water uses, whereby an
increase of its efficiency will also provide significant eco-
nomical savings.

Water scarcity is relevant not only to water threatened
regions but also to those with an appropriate water supply
infrastructure, due to the need to provide a constant water
supply, essential for urban activities and development. In
order to reduce potable water demand and minimize water
scarcity consequences, the use of rainwater to supply non
potable purposes has been investigated by many research-
ers in different countries (Herrmann and Schmida, 1999;
Coombes et al., 1999; Fewkes, 1999; Cheng, 2003; Deng,
2003; Cheng and Hong, 2004; Ghisi, 2006; Wung et al.,
2006; Ghisi and Oliveira, 2007; Ghisi and Ferreira, 2007;
Ghisi et al., 2007; Panigrahi et al., 2007; Rahman et al.,
2012; Imteaz et al., 2012). In fact, rainwater harvesting
(RWH) renders one of the most reasonable solutions in
dealing with current conditions, and several countries are
reevaluating its importance (Hatt et al., 2006; Han et al.,
2009; Zhang et al., 2009; Rygaard et al., 2011).

RWH systems are also becoming progressively a part of
the sustainable storm water management measures (Butler
et al., 2010). In countries with abundant water resources, it
can also be used to reduce the load on urban drainage sys-
tems during intense precipitation (EEA, 2012).

An RWH system generally consists of a catchment area,
a filter, a storage tank, a supply facility, pipes and an over-
flow unit. As a consequence, the main operational param-
eters that affect the system’s efficiency are the amount of
rainfall, the catchment area, the tank volume, the water
demand, the efficiency of runoff collection and the filter
(Mun and Han, 2012). Stored rainwater can be used in
non-potable purposes, such as toilet flushing, pavement
washing, irrigation, and washing machines.

These systems require, however, a careful study to assess
their feasibility, especially in large buildings, since they
involve considerable investment costs and, in some cases,
long payback periods. The storage tank size is by far the
largest factor of the total installation cost (Chilton et al.,
2000); hence its optimization is essential in what concerns
to feasibility criteria. Methods for design and operation
of water supply reservoirs are usually worked on the basis
of time intervals of one month (Treiber and Schultz, 1976).
This coarse interval of time yields results of acceptable
accuracy. The Rippl method found required reservoir
capacity by use of the mass curve of an observed runoff
time series of, usually, monthly values. According to
Treiber and Schultz (1976) the Rippl method has two
major deficiencies: the observed data are subject to sam-
pling errors influencing the design results and the coarse
time discretization produces too small required reservoir
capacities. The influence of the coarse time discretization
can be reduced by choosing daily time intervals instead
of monthly values. However, it is known qualitatively that
a reservoir designed with the aid of daily discharge values
will become larger than a reservoir designed using monthly
values. A proper analysis and design before implementing
these systems is important to improve their performance
and amplify the benefits and effectiveness (Imteaz et al.,
2011; Mun and Han, 2012). Hence, determining the opti-
mal tank capacity of an RWH system requires evaluation
of system performance by the operational parameters that
represent the system’s efficiency (Mun and Han, 2012). The
ratio tank volume vs catchment area recommended by the
Korean Ministry of Environment (2008) is 0.05 m3/m2. The
amount of rainwater collected and the level of demand for
non-potable water uses must also be taken into account
(ARSIT, 1998; German Institute for Standards, 2001).

Ward et al. (2010) have evaluated the design of two dif-
ferent RWH systems using three system design methods
and presented necessity of refined continuous simulation
tools. Normative and technical documents existing in Ger-
many, UK and Portugal (ANQIP, 2009; BSI, 2009; fbr,
2002) recommend the use of a “detailed approach” based
on daily simulations of the system’s operation by using a
model of yield and demand that considers continuous daily
rainfall data corresponding to a time series from 3 to
10 years. However, the criteria to calculate the tank size
using this approach are not referred, leading to the neces-
sity to simulate several scenarios in order to obtain the
storage volume that leads to an efficient and feasible system
(Santos and Taveira-Pinto, 2013).

Chilton et al. (2000) studied a rainwater recovery system
in a commercial building with a large roof area and
obtained a payback period of 12 years. Although the pay-
back was longer than would normally be considered eco-
nomically viable, the rainwater system was implemented,
since there are financial benefits of having reduced water
and sewerage charges as well as securing an enhancement
of the image as a company that is environmentally friendly.

This paper aims to define the best configuration for an
RWH system of a commercial building, considering differ-
ent scenarios of supplied non-potable uses, each of them
with a subsequent rainwater storage volume. To achieve
the proposed goals, a case study of a new commercial
building in Braga, Portugal, was used. The results from
the three different scenarios are presented.

2. Case study

Dolce Vita Braga is a new commercial building located in
the north of Portugal, in Braga. This shopping centre
(Fig. 1) includes several distinct but complementary areas,
namely a shopping area (with commercial and retail area
spaces), restaurants, leisure areas and a supermarket. The
intervention area available for the project is 159,971 m2,
and the footprint of the whole commercial area is
46,611 m2, for a gross floor area of 90,000 m2. Structurally,
the commercial building is distributed on three floors. The
retail units are on a single floor, supported by a public park-
ing spread over four floors. Overall, the whole business will
be associated with a gross leasable area of 75,000 m2, corre-
sponding to 165 units, which will be allocated to different
activities. There will be a total parking area of 62,000 m2,



Figure 1. Dolce Vita Braga (Source: http://www.dolcevita.pt).
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distributed over four basements and outer surface parking
places, corresponding to 2750 car parking spaces.

3. Methods

3.1. Data collection

The first step of this study was to collect some basic data
for the design of RWH namely the rainfall records for the
city of Braga, the number of people that predictably will
Table 1
Records of rainfall for the city of Braga from 1980 to 2009.

Years Jan Feb Mar Apr May Jun

1980 0.0 0.0 223.2 52.8 110.0 69.9
1981 4.8 149.6 246.0 103.7 164.9 36.9
1982 152.1 131.4 18.2 60.4 89.5 51.4
1983 34.1 211.6 27.5 335.0 230.6 54.9
1984 285.2 53.5 233.8 119.2 148.7 119.0
1985 276.1 259.5 172.8 182.0 51.7 75.2
1986 204.0 354.5 88.5 129.6 65.7 81.0
1987 158.8 230.4 117.4 198.2 17.2 42.7
1988 358.7 172.0 18.5 217.7 130.6 132.5
1989 37.8 191.4 106.8 148.2 87.8 42.4
1990 223.7 116.7 8.7 81.4 28.9 42.3
1991 274.4 182.4 279.2 44.8 7.2 31.1
1992 94.0 47.0 65.7 120.6 147.6 66.8
1993 106.9 9.5 40.1 217.2 203.5 84.1
1994 364.1 214.8 37.9 78.8 346.1 22.2
1995 345.7 215.7 64.8 52.2 169.4 16.0
1996 456.6 242.6 113.4 105.4 161.2 6.6
1997 212.2 90.2 0.0 76.8 267.0 150.9
1998 173.3 44.9 43.8 329.7 72.7 43.6
1999 127.5 31.1 91.1 159.2 143.9 28.6
2000 18.7 61.4 30.0 422.7 166.8 32.1
2003 0.0 0.0 0.0 0.0 0.0 56.7
2004 135.5 16.2 94.1 88.2 59.1 13.5
2005 29.4 22.3 109.8 66.9 53.5 16.2
2006 41.3 94.6 239.8 138.8 20.2 12.9
2007 40.8 241.7 73.7 39.5 65.4 109.5
2008 0.0 42.2 75.9 214.8 114.4 18.7
2009 178.8 38.2 25.2 0 0.0 0.0
Sum 4334.5 3465.4 2645.9 3783.8 3123.6 1457.7

Mean 154.8 123.8 94.5 135.1 111.6 52.1
attend and work on the shopping centre, the material of
the roof and its area, that will be the catching area, and
finally the needs of water for non-potable uses in the shop-
ping centre. Later the RWH system design was done.
3.1.1. Rainfall data for the city of Braga

The rainfall data were obtained from the Portuguese
National Information System of Water Resources
(SNIRH), using the closest meteorological station to
the study site (Hydrometric Station of Gondizalves,
04G/06C). Average monthly and annual rainfalls in the
considered period (1980–2009) were collected; however
due to some missing data the years of 2001 and 2002 were
not included in the analysis. Thus, the studied overall
record period was 28 years (Table 1).
3.1.2. Occupants (employees and visitors)

The estimated number of employees and visitors
(Table 2) for the new commercial building was given by
the building management team.
3.1.3. Roof material and its area

The roof cover is a transparent surface with ETFE
(ethylene tetrafluoroethylene). The Braga shopping centre
has two wings and two roof levels: the south wing has a
roof area of 16,070 m2 and the north wing has a roof area
Jul Aug Sep Oct Nov Dec Total

37.8 23.8 64.3 100.0 200.8 60.3 942.9

0.0 4.1 152.9 148.2 0.0 630.0 1641.1

10.0 19.5 175.3 171.4 234.1 276.4 1389.7

31.4 63.5 30.4 46.9 214.5 284.5 1564.9

29.9 46.3 48.1 244.0 526.8 158.4 2012.9

33.9 4.2 2.3 28.6 276.0 367.0 1729.3

1.7 32.6 267.5 48.4 182.0 127.6 1583.1

16.9 108.9 143.5 511.0 42.0 303.7 1890.7

54.0 1.7 31.7 246.9 84.0 50.8 1499.1

7.0 11.4 5.2 130.9 350.3 395.8 1515.0

6.5 24.8 56.9 377.4 107.7 147.1 1222.1

35.3 55.7 87.6 140.9 308.4 30.7 1477.7

2.5 85.4 85.9 133.9 83.3 246.7 1179.4

2.9 7.6 165.8 427.3 183.0 115.2 1563.1

5.9 36.1 101.5 163.2 213.3 163.5 1747.4

43.8 9.9 81.9 104.1 355.5 381.8 1840.8

34.3 31.0 78.3 145.5 215.3 276.0 1866.2

46.6 49.5 4.6 268.5 529.0 347.8 2043.1

21.3 0.0 189.4 60.2 86.2 131.5 1196.6

14.7 120.5 330.9 369.2 64.0 273.9 1754.6

96.0 25.3 73.0 158.7 458.1 659.9 2202.7

37.9 47.8 16.0 223.6 222.1 111.5 715.6

3.3 125.1 0.0 0.0 10.8 10.8 556.6

16.9 0.1 32.1 202.5 77.4 119.3 746.4

3.0 44.9 86.2 287.0 264.8 191.9 1425.4

43.4 34.7 19.2 6.4 43.3 45.4 763.0

20.6 42.2 86.0 12.2 62.9 77.1 767.0

53.3 0.2 0.0 17.6 2.3 143.8 459.4

710.8 1056.8 2416.5 4774.5 5397.9 6128.4 39,295.8

25.4 37.7 86.3 170.5 192.8 218.9 1403.4

http://www.dolcevita.pt


Table 2
Number of occupants of the shopping
centre.

Estimated occupants (persons/day)

Employees 3072
Visitors 31,439
Total 34,511

Table 3
Collecting areas.

Collection areas (m2)

Cover – south wing 16,070
Cover – north wing 20,800
Total 36,870
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of 20,800 m2 as shown in Table 3. This information was
also given by the building management team.

3.1.4. Non-potable water demand

As the building was under construction, information
related to irrigation and parking areas was also given by
the management team. Values for unitary water consump-
tion for these purposes were obtained from the Portuguese
Technical Specification (ANQIP, 2009).

To estimate the monthly water consumption for the
preconized non-potable uses, the expressions were applied.
The unitary consumptions were the ones recommended by
the Portuguese guidelines (ANQIP, 2009):

Toilet flush:

CMA ðm3=monthÞ¼ F ð%Þ�Cu ðL=ocup:dayÞ�d�pop

1000
;

ð1Þ
where

F (%) – estimated percentage of people using toilet flush;
Cu – unitary consumption of the toilet flush (L/ocup.
day);
d – Number of days in the month;
Pop – population attending the shopping centre in a
month.

Pavement washing:

CMP ðm3=monthÞ ¼ A ðm2Þ � Cu ðL=day=m2Þ �NL

1000
;

ð2Þ
where

A – floor area (m2);
Cu – unit consumption for washing floors (L/day/m2);
NL – number of washes monthly provided.

Irrigation:

CMR ðm3=monthÞ ¼ A ðm2Þ � Cu ðL=day=m2Þ � d
1000

; ð3Þ
where

A – area of garden (m2);
Cu – consumption unit for garden irrigation
(L/day/m2);
d – number of days in the month.

Total monthly non-potable consumption:

CMT ðm3=monthÞ ¼ CMA ðm3=monthÞ
þ CMP ðm3=monthÞ
þ CMR ðm3=monthÞ ð4Þ

where

CMA – monthly consumption in toilet flush
(m3/month);
CMP – monthly consumption in washing parking areas
(m3/month);
CMR – monthly consumption in garden irrigation
(m3/month).

3.2. Rainwater storage tank: sizing method

The most appropriate methods to size the storage vol-
ume, leading to the best ratio of Economical savings/
Installation Cost, are daily simulations using the 80%
Efficiency criteria and the Rippl method (Santos and
Taveira-Pinto, 2013).

In this study, the determination of the storage volume
was made with the Rippl method which returns the storage
volume required to ensure a regular flow during the longest
period of drought (Quadros, 2010). It corresponds to
the maximum (positive) accumulated difference between
non-potable demand and the rainwater collected.

To better describe the Rippl method, Table 4 presents
the necessary data for sizing the storage tank.

where

� Column 1 – amount of time (months);
� Column 2 – the average monthly precipitation is

obtained based on the average monthly precipitation
for the considered time series (mm);
� Column 3 – monthly consumption refers to the volume

of potable water which may be replaced by rainwater
(m3);
� Column 4 – total collecting areas (m2);
� Column 5 – available monthly volumes of rainwater. It

is obtained by multiplying column 2 with column 4 and
the runoff coefficient (C), which according to the techni-
cal specification of ANQIP (ETA 0701), should assume
a value of 0.8 for impermeable areas;
� Column 6 – is obtained through the difference between

monthly consumption (column 3) and the monthly vol-
ume of rainfall (column 5);



Table 4
Data necessary for sizing the storage tank by the Rippl method (Tomaz, 2003).

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7
Months Average monthly

precipitation (mm)
Monthly
consumption (m3)

Collecting
area (m2)

Monthly volume of
precipitation (m3)

(Col 3–Col 5)
(m3)

Cumulative difference from
Col 6 (m3)

Jan
. . .
Dec

Storage tank capacity (m3) x

Table 6
Values of unitary water consumption recommended by the Technical
Specification ANQIP (ETA 0701).

Unitary consumption

Toilet flush
(Category “A” in service buildings (offices, etc.))

12 L/(person � day)

Pavement washing 5 L/m2

Irrigation 1.5–5 L/m2/day

C. Matos et al. / International Journal of Sustainable Built Environment 2 (2013) 109–118 113
� Column 7 – total accumulated values. The maximum
positive difference accumulated corresponds to the min-
imum volume of the storage tank.

Different scenarios must be considered, using the Rippl
method (Table 5) in order to conclude which one is the best
solution for each case. In this study, different combinations
of non-potable purposes were considered and in each of
them two types of regularization were used: total annual
regularization (12 months) and total regularization for
7 months (seven months with the highest values of
precipitations).

4. Results and discussion

From all the presented scenarios, only the results from
the three most feasible ones will be presented. Scenarios
2, 11 and 13 turned out to be the most feasible ones when
compared to others.

4.1. Non-potable demand

Values of unitary consumption in each non-potable use
are presented in Table 6.

The reference areas for parking (pavement washing) and
garden areas (irrigation) are 62,000 m2 and 13,748 m2,
respectively.
Table 5
Studied scenarios.

Scenarios Non-potable uses

1 Toilet flushing Pavement washing Irrigation
2 – Pavement washing Irrigation
3 Toilet flushing Pavement washing –
4 Toilet flushing – Irrigation
5 – – Irrigation
6 – Pavement washing –
7 Toilet flushing – –
8 50% Toilet flushing Pavement washing Irrigation
9 40% Toilet flushing Pavement washing Irrigation
10 30% Toilet flushing Pavement washing Irrigation
11 50% Toilet flushing – Irrigation
12 60% Toilet flushing – Irrigation
13 Toilet flushing 50% Pavement washing –
Knowing that 34,511 persons/day will attend the mall
and assuming that 25% of the population will use the toilet
once a day, considering the unitary consumption of
12 L/person/day, as recommended by the Technical
Specification ANQIP (ETA 0701), the consumption of
the toilet flushing will be:

CMA ¼ 0:25� 12� 30� 34; 511

1000
¼ 3105:99 m3=month
Regarding pavement washing and knowing that Dolce
Vita Braga shopping centre has a parking area of
62,000 m2 four washes will be made per month. Assuming
a daily intake of 5 L/day/m2, as recommended by the Tech-
nical Specification ANQIP (ETA 0701), the consumption
for this use will be:

CMP ¼ 62; 000� 5� 4

1000
¼ 1240:00 m3=month
For irrigation, with an area of 36,870 m2, daily irriga-
tion, assuming a unitary consumption of 5 L/day/m2, as
recommended by the Technical Specification ANQIP
(ETA 0701), the consumption per month for this use will
be:

CMR ¼ 13; 748� 5� 30

1000
¼ 2062:20 m3=month
The total consumption will be:

CMT ¼ 3105:99þ 1240:00þ 2062:20

¼ 6408:19 m3=month



Figure 2. Differences between non-potable consumption and precipitation for annual regularization.

Figure 3. Differences between non-potable consumption and precipitation for seven month regularization.

Table 7
Required storage tank as per scenario 2 for annual regularization.

Months Average monthly
precipitation (mm)

Monthly
consumption (m3)

Monthly volume of
precipitation (m3)

(Col 3–Col 5)
(m3)

Cumulative difference from
Col 6 (m3)

Column 1 Column 2 Column 3 Column 5 Column 6 Column 7

Jan 154.80 3302.20 4565.98 �1263.78
Feb 123.76 3302.20 3650.42 �348.22
Mar 94.50 3302.20 2787.37 514.83
Apr 135.14 3302.20 3986.09 �683.89
May 111.56 3302.20 3290.57 11.63 11.63
Jun 52.06 3302.20 1535.56 1766.64 1778.27
Jul 25.39 3302.20 748.90 2553.30 4331.57
Aug 37.74 3302.20 1113.18 2189.02 6520.59
Sep 86.30 3302.20 2545.50 756.70 7277.29

Oct 170.52 3302.20 5029.66 �1727.46 5549.83
Nov 192.78 3302.20 5686.24 �2384.04 3165.79
Dec 218.87 3302.20 6455.79 �3153.59 12.20
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4.2. Rainwater storage tank

As previously mentioned, several scenarios were studied,
but only the results of the scenarios 2, 11 and 13 are pre-
sented, Figs. 2 and 3 and Tables 7–12 summarize the result
in terms of storage tank volume obtained. Fig. 2 summa-
rizes the results for the annual regularization and Fig. 3
summarizes the results for the seven month regularization
in the referred scenarios.

Results show that the total use of the rainwater collected
on the roof or, in other words, the use of an annual regu-
larization using the Rippl method, leads to very large stor-
age volumes (Table 13). The results of this criterion are not
Table 10
Required storage tank as per scenario 11 for seven months’ regularization.

Months Average monthly
precipitation (mm)

Monthly
consumption (m3)

Mon
prec

Column 1 Column 2 Column 3 Colu

Jan 154.80 3615.20 4565
Feb 123.76 3615.20 3650
Apr 135.14 3615.20 3986
May 111.56 3615.20 3290
Oct 170.52 3615.20 5029
Nov 192.78 3615.20 5686
Dec 218.87 3615.20 6455

Table 8
Required storage tank as per scenario 2 for seven months’ regularization.

Months Average monthly
precipitation (mm)

Monthly
consumption (m3)

Mon
of pr

Column 1 Column 2 Column 3 Colu

Feb 123.76 3302.20 3650.
Apr 135.14 3302.20 3986.
May 111.56 3302.20 3290.
Oct 170.52 3302.20 5029.
Nov 192.78 3302.20 5686.
Dec 218.87 3302.20 6455.

Table 9
Required storage tank as per scenario 11 for annual regularization.

Months Average monthly
precipitation (mm)

Monthly
consumption (m3)

Mon
of pr

Column 1 Column 2 Column 3 Colu

Jan 154.80 3615.20 4565.
Feb 123.76 3615.20 3650.
Mar 94.50 3615.20 2787.
Apr 135.14 3615.20 3986.
May 111.56 3615.20 3290.
Jun 52.06 3615.20 1535.
Jul 25.39 3615.20 748.
Aug 37.74 3615.20 1113.
Sep 86.30 3615.20 2545.
Oct 170.52 3615.20 5029.
Nov 192.78 3615.20 5686.
Dec 218.87 3615.20 6455.
feasible in terms of construction, location and mainly in
terms of costs, leading to extremely long payback periods.

From the three presented scenarios, it is possible to con-
clude that the one that presented the smallest storage vol-
ume was the scenario 2 for seven months of
regularization, equal to 1163 m3. Thus it is possible to con-
clude that scenario 2 (rainwater only for pavement washing
and irrigation with a storage volume of 11 m3) is the best
solution for this building.

Further research must be done to analyse the installa-
tion costs of each scenario presented, including plumbing,
pumps, rainwater treatment and the tank. However, once
scenario 2 has the smallest storage tank, and considering
thly volume of
ipitation (m3)

(Col 3–Col 5) (m3) Cumulative difference
from Col 6 (m3)

mn 5 Column 6 Column 7

.98 �950.79

.42 �35.23

.09 �370.90

.57 324.63 324.63

.66 �1414.47

.24 �2071.05

.79 �2840.60

thly volume
ecipitation (m3)

(Col 3–Col 5) (m3) Cumulative difference
from Col 6 (m3)

mn 5 Column 6 Column 7

42 �348.22
09 �683.89
57 11.63 11.63

66 �1727.46
24 �2384.04
79 �3153.59

thly volume
ecipitation (m3)

(Col 3–Col 5) (m3) Cumulative difference
from Col 6 (m3)

mn 5 Column 6 Column 7

98 �950.79
42 �35.23
37 827.83 827.83
09 �370.90 456.93
57 324.63 781.55
56 2079.64 2861.19
90 2866.30 5727.49
18 2502.02 8229.50
50 1069.70 9299.20

66 �1414.47 7884.73
24 �2071.05 5813.69
79 �2840.60 2973.09



Table 11
Required storage tank as per scenario 13 for annual regularization.

Months Average monthly
precipitation (mm)

Monthly
consumption (m3)

Monthly volume
of precipitation (m3)

(Col 3–Col 5) (m3) Cumulative difference
from Col 6 (m3)

Column 1 Column 2 Column 3 Column 5 Column 6 Column 7

Jan 154.80 3726.49 4565.98 �839.49
Feb 123.76 3726.49 3650.42 76.07 76.07
Mar 94.50 3726.49 2787.37 939.12 1015.19
Apr 135.14 3726.49 3986.09 �259.60 755.59
May 111.56 3726.49 3290.57 435.92 1191.51
Jun 52.06 3726.49 1535.56 2190.93 3382.44
Jul 25.39 3726.49 748.90 2977.59 6360.03
Aug 37.74 3726.49 1113.18 2613.31 8973.34
Sep 86.30 3726.49 2545.50 1180.99 10154.33

Oct 170.52 3726.49 5029.66 �1303.17 8851.16
Nov 192.78 3726.49 5686.24 �1959.75 6891.41
Dec 218.87 3726.49 6455.79 �2729.30 4162.11

Table 12
Required storage tank as per scenario 13 for seven months’ regularization.

Months Average monthly
precipitation (mm)

Monthly
consumption (m3)

Monthly volume
of precipitation (m3)

(Col 3–Col 5) (m3) Cumulative difference
from Col 6 (m3)

Column 1 Column 2 Column 3 Column 5 Column 6 Column 7

Jan 154.80 3726.49 4565.98 �839.49
Feb 123.76 3726.49 3650.42 76.07 76.07
Apr 135.14 3726.49 3986.09 �259.60 �183.53
May 111.56 3726.49 3290.57 435.92 252.39

Oct 170.52 3726.49 5029.66 �1303.17 �1050.78
Nov 192.78 3726.49 5686.24 �1959.75 �3010.53
Dec 218.87 3726.49 6455.79 �2729.30 �3780.08

Table 13
Summary of results obtained in each scenario.

Scenario
2

Scenario
11

Scenario
13

Volume of the storage tank (annual
regularization) (m3)

7277.29 9299.20 10,154.33

Volume of the storage tank (seven
months regularization) (m3)

11.63 324.63 252.39

Consumption (m3/month) 3302.20 3615.20 3726.49
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that this is the most expensive component of the system, as
referred above, this further study will probably only con-
firm that this scenario is the best solution.

This study also shows that regarding RWH systems, dif-
ferent criteria while sizing the storage tank can lead to very
different results, some of them completely unreasonable.
This confirms the importance of a careful study of these
systems prior to its execution, to amplify the environmental
and economic benefits of these systems.

Also, some further studies should be done on this scope
to conclude if a daily analysis (with daily rainfall data and
non-potable consumption) would result in different storage
volumes and, if so, which procedure should be followed in
the future although there are some difficulties in the data
collection especially related to daily consumption. These
values are not easy to estimate, especially for a new build-
ing like Dolce Vita Braga shopping centre.

In cities, a proper campaign promoting RWH systems,
showing their benefits and the potential saving of potable
water must be done, especially in cities with frequent rain-
fall periods and the ones with insufficient potable water
availability. This would reduce potable water demand for
non-potable uses, decrease the impact on the water
resources and promote a more sustainable urban water use.
5. Conclusions

Results provided by simpler methods and tools may
compromise the accuracy and details required to properly
size rainwater harvesting (RWH) systems. The Rippl
method reveals to be an accurate method for sizing rainwa-
ter storage tanks, however the project manager criteria are
always necessary; in terms of time of regularization and
taking the right options to use rainwater in the more
advantageous non-potable uses.

According to other studies already referred, the Rippl
method has two major deficiencies: the observed data are
subject to sampling errors influencing the design results
and the coarse time discretization produces too small
required reservoir capacities. The influence of the coarse



C. Matos et al. / International Journal of Sustainable Built Environment 2 (2013) 109–118 117
time discretization can be reduced by choosing daily time
intervals instead of monthly values. However, it is known
qualitatively that a reservoir designed with the aid of daily
discharge values will become larger than a design using
monthly values.

This article showed that for this commercial building,
the best configuration for an RWH system is the use of
stored rainwater in pavement washing and garden
irrigation.

As observed from the results, the potential for potable
water savings is very significant. This is mainly due to the
large roof area of the commercial building and the high
rainfall available in the city of Braga, providing a signifi-
cant volume of rainwater for the preconized end-uses.

Further studies are suggested to confirm the results with
the analysis of installation costs, if the selected scenario is
the best option and also if a daily calculation method
should be applied.
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