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Abstract. Increasing population growth has created problems in water resources. Natural water resources 
become progressively more expensive and difficult to develop. In addition, it is also becoming increasingly 
polluted and difficult to obtain. Many countries shown a resurgent interest in the use of rainwater harvesting 
(RWH) technique to overcome these problems. There are several factors that will influence the RWH 
performance, such as the rainfall, catchment area, storage tank capacity, and water demand. The performance 
parameter determines by the volumetric reliability, time reliability, and yield. The RWH system used in this 
study is a simple RWH system that utilizes roof as a catchment area, pipes as a distribution system and tank as 
a storage. An analysis is carried out to investigate the effect of altering the large of the catchment area and 
storage tank capacity to the RWH system performance parameters. A suitable behavioral model based on the 
water balance method is implemented to evaluate the inflow, outflow, and the storage volume. Results 
demonstrate that with up to 15 years daily rainfall data in 15 cities in Indonesia, the most influential parameters 
on the performance of RWH system is the time reliability. 

1 Introduction 

Human population growth for the last few decades has 
increased exponentially. Increasing human population 
growth lead to the emergence problems in the water 
resources either directly or indirectly. In terms of quality 
or quantity, the usefulness of water will reduce, and 
water damage will be even greater. Furthermore, the 
problem of water resources becomes complicated as the 
lack of management of water resources. Accordingly, if 
the water resources optimally use and manage, such 
problems can be avoided.  

Rainwater is one of the potential water resources that 
is often overlooked. The potential rainfall-yet- unused 
rainwater often thrown out into a run-off. Whereas the 
rainwater can be collected and afterward processes in 
raw water that is ready to use [1].  

Rainwater harvesting is a simple ancient technology 
and can vary from minor and basic to major and 
complex. Previous studies have shown that the 
consumption of rainwater provides economic and 
environmental benefits. Rainwater that has been 
collected can be used for nonpotable water use, thereby 
it could reduce the consumption of groundwater and 
provide financial benefits [2].  

Similar studies corroborate that the rainwater 
harvesting system also provides the advantage from an 
economic standpoint [3-9]. The rainwater harvesting 
concept also bestows significant impact on the 
surrounding environment [10]. The usage of rainwater 
harvesting system on a large scale is taken into 

consideration as an adaptive strategy in dealing with 
climate change, related to water shortages [11].  

The use of rainwater harvesting system (RWH) had 
declined in many developed countries including 
Indonesia. There are several factors that contribute to 
that e.g. the public perception on the installation of 
RWH system is expensive and does not provide 
significant benefit in terms of economic or 
environmental. Therefore, there should be a study 
comprehensively on the RWH system performance in 
order to analyze the feasibility of the system 
implementation. Several parameters, such as the 
volumetric reliability, time reliability and yield could 
define the RWH system performance.  

This study aims to investigate the contribution of the 
roof catchment area and storage tank capacities to the 
alteration of RWH system performance parameters. 
Thus, it can analyze which performance parameter is the 
most affected. This would be outstandingly beneficial for 
the design of the RWH system. 

2 Methodology  

This study uses a simple RWH system that used the roof 
as a catchment area, pipes as a distribution system and 
tank as a storage. The storage tank capacity is a vital 
component as it will determine the entire system 
performance and cost.  

The characteristic of the catchment area, potential 
rainfall, and water demand will contribute to the RWH 
system performance [1]. The daily rainfall data from 29 
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rainfall stations in 15 cities in Indonesia from Sumatera 
to Sulawesi were used. The length of the data is varying 
from 7 years to 15 years, according to the data 
availability. The cities were divided into 4 categories 
according to the annual rainfall range. 

Adapted : Roebuck, 2010 
Fig. 1. Schematic representation of the simple rainwater 

harvesting system 

The effective rainfall volume obtains by multiplying 
the rainfall with the catchment area and runoff 
coefficient.  

ER = Rt . A. C (1) 

Where ER is the effective runoff (m3), Rt is daily 
rainfall (mm), A is catchment area wide (m2) and C is 
the ratio of the rainwater that could be caught in the 
catchment area.  

The water balance method is used to describe the 
simulation of the system. The yield before spillage 
(YBS) algorithm used to describe the storage tank 
behavior.  

Vt = Vt-1 + Qt – Dt – Et - Lt     (2) 

Vt is storage volume at time t (m3), Vt-1 is the storage 
volume at time t - 1 (m3), Qt is the volume that enters the 
storage in a time interval t (m3), Dt is a demand release 
in lapse of time t (m3), Et is evaporation (mm), Lt is the 
losses (mm) and S is the storage capacity (m3). In this 
study, the effect of evaporation and losses is disregarded 
since the storage tank is below ground, so that: 

Vt = Vt-1 + Qt – Dt                (3) 

where 0 � Vt � S 

The RWH system performance expressed with the 
reliability parameter. The units of volume and time could 
express the reliability of the storage tank capacity [12].
Liaw and Tsai defined volumetric reliability as the total 
volume of harvested rainwater supplied divided by the 
total water demand (VR) and time reliability is the 
fraction of time that demand is fully met divided by total 
time under consideration (TR) [13]. 
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where VR is the volumetric reliability, TR is the time 
reliability, Yt  is yield in time t (m3), Dt is total demand 
in time t period (m3), YTt is the total days that the water 
need fulfill with RWH (days), and Tt is total time under 
consideration (days). 

The sensitivity analysis carried out in order to 
determine the level of variation in predicting RWH 
system performance to changes in the catchment area 
and storage tank capacities. The alteration in the 
catchment area and storage tank capacity defined by: 
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where Cc is the alteration of the catchment area, CAn
is the catchment area at n, CAb is the benchmark of the 
catchment area, Sc is the alteration of storage tank, Sn is 
the storage tank at point n, Sb is the benchmark of the 
storage tank. 

Percentage changes in RWH system performance, 
such as VR, TR and yield were selected as the metric for 
judging the sensitivity. By performing this analysis, the 
possible consequences of such changes can be evaluated. 
Sensitivity analysis performed for two conditions 
variation : the large of the catchment area and the storage 
tank capacity. The graph gradient will show the 
extremely affected parameter. The steepest gradient 
generates, the greater the effect of these parameters on 
the RWH system performance. 

3 Results and analysis

3.1  Analysis on the roof catchment area  
alteration 

The analysis conducted on alteration of the roof 
catchment area from 10 m2 to 1200 m2. The 70 m2 

catchment area and 2 m3 storage tank capacity are set as 
a base case result. The water uses divided into all water 
use and nonpotable water use. A constant occupancy of 1 
occupant with total water use is 150 L/person/day [14, 
15]. Two storage tank capacities : 2 m3 and 5 m3 was 
assumed. The results of the sensitivity analysis are in the 
following graphs. In each case, the results from all 
rainfall ranges were plotted on the same chart to make 
direct comparisons easier. 
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(a) tank 2 m3 – all water use 

(b) tank 2 m3- nonportable water use 

(c) tank 5 m3 – all water use 

(d) tank 5 m3- nonportable water use 

Fig. 2. Sensitivity to alteration in catchment area of volumetric 
reliability (VR)  

Figures 2 to 4, shows the average differences 
between the results for eight catchment areas. Each tank 
displayed similar trends with regards to the influence of 
the catchment area and water uses. Analysis of the 
results showed that there is a nonlinear relationship 
between the increasing in the catchment area with the 
system performance and annual yield. Furthermore, there 

is a positive gradient indicating that the increased in the 
catchment area would lead to an increase in system 
performance.  

(a) tank 2 m3 – all water use 

(b) tank 2 m3- nonpotable water use 

(c) tank 5 m3 – all water use 

(d) tank 5 m3- nonpotable water use 

Fig. 3. Sensitivity to alteration in catchment area of timemetric 
reliability (TR)  
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(a) tank 2 m3 – all water use 

(b) tank 2 m3- nonpotable water use 

(c) tank 5 m3 – all water use 

(d) tank 5 m3- nonpotable water use 

Fig. 4. Sensitivity to alteration in catchment area of yield   

The gradient of the graph progressively ramps, 
especially in the wide of catchment area over 300 m2. 
The rate of graphs gradient increasingly sharps for the 
catchment area less than 70 m2. Therefore, this indicates 
that the increase in the catchment area below 70 m2

extremely influential on the performance of RWH 
systems. 

Rainfall also affects system performance. The lesser 
the annual rainfall, the increase of the catchment area 
gives the extra impact on the system performance and 
vice versa. Moreover, the increase in the catchment area 
is influential for annual rainfall 1500 mm - 2000 
mm/year. For annual precipitation above 3000 mm/year, 
the rate of changes was relatively small, especially for 
the catchment area above 70 m2.  

Table 1. The graph gradient for each parameter to alteration in 
the catchment area 

Catchment 
area  
(m2) 

Mean VR 

gradient 

Mean TR 

gradient 

Mean yield 

gradient 

2 m3 5 m3 2 m3 5 

m3 2 m3 5 

m3

10 0.44 0.44 0.52 0.52 0.47 0.47 
15 0.27 0.26 0.31 0.32 0.32 0.29 
30 0.11 0.10 0.15 0.12 0.14 0.11 
45 0.07 0.06 0.10 0.07 0.10 0.07 
70 Bench mark 

100 0.04 0.03 0.04 0.03 0.03 0.03 
300 0.01 0.01 0.02 0.01 0.02 0.01 
1200 0.00 0.00 0.00 0.00 0.00 0.00 

Table 1 shows the graph gradient for each parameter. 
The gradient of 2 m3 and 5 m3 storage tank capacity in 
each parameter approximately the same particularly for 
the larger catchment area. From the results, it can be 
concluded that the most affected parameter by the 
alteration in catchment area is the time reliability 
parameter. Despite the differences tend to be diminutive, 
not more than a few percentage. As a result, the 
differences from each parameter are not further than 
50%. Therefore, the alteration in storage tank capacity 
also does not perform a significant increase in system 
performance. The larger the catchment area, the 
alteration in parameter is close to (zero). 

3.2 Analysis on the alteration of storage tank 
capacity  

The analysis conducted under 4 storage tank capacities 
alteration, which are 1 m3, 2 m3, 5 m3, and 10 m3. The 2 
m3 storage tank capacity assumed as a benchmark. The 
water uses divided into all water use and nonpotable 
water use for 1 occupant. The catchment area is defined 
as 70 m2. The sensitivity on the alteration of storage tank 
capacity can be seen in figure 5 to 7.  

Figure 5 to 7, shows the effects of varying annual 
rainfall on the RWH system performance. A range of 
water uses and storage tank capacity were used in order 
to cover a wide range of possible scenarios. From the 
graphs, the lesser the rainfall, there is a linear relation 
between the upsurge in storage tank capacity and the 
system performance. For storage tank capacity below 2 
m3, the relations tend to be nonlinear with fairly steep 
gradient, conversely, compared with storage tank 
capacities above 2 m3. 
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(a) all water use 

(b) nonpotable water use 

Fig. 5. Sensitivity to alteration in storage tank capacity of 
volumetric reliability (VR)  

(a) all water use 

(b) nonpotable water use 

Fig. 6. Sensitivity to alteration in storage tank capacity of time 
reliability (TR)  

The graph gradient is positive which indicates that 
the increase in storage tank capacity will lead to the 
increase of the system performance. Ordinarily, the 

larger the rainfall, the gradient becoming declivous. 
Especially for the rainfall above 3000 mm/year, the 
increase in storage tank capacity will not significantly 
affect the system performance. However, the increase in 
storage tank capacity will deliver the vast effect for a 
rainfall with a range 1500 mm/year - 2000 mm/year. 
This matter can be seen from the sharp gradient and far 
enough span with the annual rainfall 2001 – 3000 
mm/year. The increase of RWH system performance is 
almost equal for annual rainfall of 2000 - 2500 mm/year 
and 2501- 3000 mm/year. It is perceived from the 
merging gradient lines between the two ranges primarily 
for the more water use. 

(a) all water use 

(b) nonpotable water use 

Fig. 7. Sensitivity to alteration in storage tank capacity of yield 

Table 2. The graph gradient for each parameter to alteration in 
storage tank capacities 

Storage tank 

capacity  (m3) 

Mean VR  

gradient 

Mean TR  

gradient 

Mean yield 

 gradient 

1 0.135 0.156 0.134 
2 Benchmark 
5 0.045 0.048 0.044 

10 0.031 0.033 0.031 

Table 2 shows the graph gradient associated with 
each of the key parameters. The gradient of VR, TR and 
yield for each storage tank capacity are approximately 
the same particularly for the bigger storage tank 
capacity. From the results, it can be concluded that the 
most sensitive parameter by the alteration in storage tank 
capacity increase is the time reliability parameter. 
Therefore, the alteration in storage tank capacity also 
does not perform a significant increase in system 
performance. Whilst, the performance for up to 5 m3
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storage tank capacity is decreased. This indicated that 
the saturation point of storage tank capacity for the range 
of rainfall is 5 m3. 

4 Conclusions 

The predicted RWH system performances depend 
overwhelmingly on the annual rainfall, storage tank 
capacity, and catchment area.  From the analysis, it can 
be concluded that the most sensitive parameter within 
the alteration in the catchment area and storage tank 
capacity is the time reliability even though the difference 
with the other parameters is insignificant. The graphs 
also demonstrate that the smallest annual rainfall 
encounters the biggest influence of the alteration. 
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