
  

 

Abstract—This study was aimed to make an assessment for 

the potential of rainwater harvesting system in Thailand. Both 

hydrological performance and economic feasibility were used to 

develop the RWH model for Bangkok, the capital city of 

Thailand. Net present value (NPV) was applied to analyze the 

cost effectiveness of rainwater harvesting system. To be 

summarized, the rainwater harvesting can potentially save tap 

water consumption in buildings which also gain financial profit 

depending on the designated system. In this case study, the 

installation of the RWH system with rainwater tank with the 

capacity of 30 m3 was suggested due to the ability to save 

approximately $13,370 with the payback period of 34.8 years. In 

addition, this method can also the demand of tap water resource 

for 46,509 m3. For the buildings with higher tap water demand 

or higher tap water tariff, installing rainwater harvesting 

system would be strongly recommended for the implementation 

of rainwater harvesting system. In order to enhance the water 

resource management towards sustainability, rainwater 

harvesting system should be considered for the building design 

later on. 

 
Index Terms—Green infrastructure, rainwater harvesting, 

sustainable water resource management.  
 

I. INTRODUCTION 

Sustainable development is a broad concept that places 

emphasis on today's livelihoods which affected the well-being 

of humanity in the future. Due to the current economic, social 

and environmental situations, the concept of sustainable 

development has still received unprecedented attention. 

However, one of the concept that is gaining attention for 

moving towards the sustainability goals is “Green 

infrastructure”. The “Green infrastructure” has the 

implications for utilizing natural methods in urban 

development in order to achieve the environmental and 

sustainable development goals. The examples are green roof 
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[1]-[3], permeable pavement [4]-[6], and rainwater harvesting 

[7]-[9]. 

Rainwater harvesting (RWH) is one of “Green 

infrastructure” technique that involving the design for the 

collection and storage of rainwater runoff from building roof 

as a non-potable source within domestic, commercial, 

institutional and drinking water industrial sectors. With the 

increasing demand in the water resource globally due to the 

extensively exploited of the water resource, this technique can 

be a promising alternative for water supply as well as for the 

improvement of storm water drainage systems. There are 

numerous practices of RWH around the world either by 

developed or developing countries. United States, Germany, 

Spain and Australia have implemented rainwater harvesting 

policies at different governmental levels which addition of 

economic incentives [10]-[13]. In Thailand, this technique 

has been taking a deep root for more than a century mostly in 

the rural area. For the urban area, this approach is not 

frequently applied due to a strong concern on air pollution 

which affecting the quality of rainwater in the city as 

compared to rural area. Rainwater harvesting system, 

however, is more economically feasible in higher water 

demand areas [14]. This study, therefore, aimed to make the 

assessment for the potential of rainwater harvesting in 

Bangkok, the capital city of Thailand by using the study 

building where the amount of water demand is high as a case 

study. Both the quantity of tap water reduction and economic 

feasibility from rainwater harvesting system were evaluated. 

As a result, the sustainable water resource management could 

help alleviate the problem of flooding which occurred more 

frequently during the rainy season and drought in the summer 

in Thailand. 

 

II. METHODOLOGY 

For the concept of rainwater harvesting, the rain falling on 

the roof is collected and passed through the filter system and 

stored in the rainwater tank. The collected water can be used 

for the replacement of the tap water utilization as shown in Fig 

1. The model calculation for the amount of available 

rainwater in RWH system is demonstrated in Fig 2.  Data 

input in this model also including the rainfall volume, roof 

area, rainwater collection tank capacity and water 

consumption rate for the building. 

Rainfall volume; R (m
3
/day) can be calculated by using 

rainfall data; H (mm) for every 3 hours a day; “n” during the 

year of 2015 - 2016 was gathered from Department of 

Meteorology and the roof area of the case study building; A 

(m
2
) as Eq. 1 
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Fig. 1. Components of rainwater harvesting system. 

 

 
Fig. 2. Calculation model of RWH in Bangkok building case study. 

 

 

               
(1) 

 
Rainwater collection tanks capacity is varied in order to 

differentiate the output of the rainwater tanks at different 

capacities. The results can be used for the decision making for 

the optimum capacity selection later on. The data of water 

consumption rate for the building (m
3
/day) can be derived 

from dividing the monthly water consumption statistics of the 

building by the number of days a month.  
On the daily basis, the amount of rainfall and the roof area 

were put in to an estimation for the volume of rainwater. If 

rainfall volume is more than rainwater collection tank 

capacity, the rainwater collection is equal to the available tank 

capacity. Otherwise, the rainwater collection is equal to the 

rainfall volume. Then, compare the rainwater in the tank with 

the water consumption rate of the building. If rainwater over 

the demand, then there is a rainwater remaining in the tank 

and the tap water reduction was equal to the tap water demand 

of the building. Otherwise, the tap water reduction was equal 

to the amount of rainwater in the tank. 

The 100-year Engineering building of Chulalongkorn 

University which located in the heart of Bangkok was used as 

a case study building. Net present value (NPV) was also 

applied to analyze the cost effectiveness of the RWH system. 

 

III. RESULTS AND DISCUSSIONS 

The rainfall data and water demand of the building as 

shown in Fig 3 emphasized that during the summer period, the 

rainfall was not enough to meet the water demand of the 

building, whilst during the rainy season there was enough 

rainwater left to be reserved for utilization during summer if 

there is sufficient rain water tank capacity. By applying the 

rainfall data (Fig 3) into the rainwater process flow diagram 

(Fig 2), it can be stated that the RWH system allows the 

rainwater to be used for the replacement of the tap water 

consumption in the building as illustrated in Fig 4. The 10 m
3
 

rainwater tank could reduce the tap water demand for 30,000 

m
3
, while 60,000 m

3
 could potentially be saved via using a 

tank which has the capacity over 80 m
3
. In the first stage, the 

tank with the capacity between 10-40 m
3
 could not reserve the 

rainwater for the tab water replacement during the rain 

insufficient period due to its small capacity. While the 

rainwater tank with the capacity over 50 m
3
 showed no 

significantly difference on the amount of tap water reduction 

due to its sufficient capacity to supply the water even on the 

day that has no rainfall for several consecutive days. 

Among 6 levels of rainfall distribution as shown in Fig. 5, 

the highest frequency of 80% was found at level 1, rainfall 

intensity is not exceeded 4 mm/h. This intensity, therefore, 

was used to design a water filtration system in relation to the 

roof area of the building and the capacity of the rainwater tank. 

Based on available commercial filter in Thailand, four filters 

with the filtration rate of 1-1.5 m
3
/h are required for all size of 

tank capacity except the smallest one which can be installed 

for only three systems. 

In order to evaluate the cost effectiveness of RWH system, 

the cost of RWH installation involving the rainwater tank and 

filtration system were examined versus the price of saving tap 

water reduction as demonstrated in Fig 6. In addition, all three 

parameters regarding cost effectiveness were calculated based 

on the NPV analysis in unit of USD ($) with the assumption 

discount rate of 2%. The project’s lifetime was assumed to be 

40 years. For further explanation, assume that throughout a 

service life of rainwater harvesting the installation cost for 

rainwater tank with capacity of 10 m
3
 is $5,640 ($2018 for 

rainwater tank cost plus $3622 for filtration system). The 

reduction capacity is expected to be 29,710 m
3
 for tap water 

demand which could save around $8,026 for tap water cost. It 

can be concluded that installing RWH system with rainwater 

tank capacity of 10 m
3
 not only provide the benefits on 

sustainable water resource management but also give 

monetary profit of $2,386 as well. 

Fig. 7 illustrated that despite the increasing of rainwater 
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tank capacity which resulted in the increasing potential for tap 

water demand reduction, the NPV was not go in the positive 

direction same as the demand of the tap water reduction. 

According to the results in this study with specific data and 

conditions, rainwater tank capacity of 10 - 30 m
3
 would be 

preferred due to potential of the positive NPV. Therefore, 

three scenarios were investigated in detail to determine the 

best solution for water resource management through 

rainwater harvesting in Thailand. However, it was important 

to note that all three rainwater tanks capacity cannot reserve 

for the whole water demand in building, tap water is still 

required in some period of time. Throughout the service life 

of 40 years without RWH system, the building requires 

103,149 m
3
 of tap water which cost about $28,605. If the 

installation of RWH system with rainwater tank capacity of 30 

m
3
 is applied, the cost of investment would be accounted for 

$12,092 with the $12,564 gained from tap water demand 

reduction. However, about 56,640 m
3
 of tap water is still 

necessary required which accounts for $15,707. Therefore, 

the net benefit of installing RWH system with rainwater tank 

capacity of 30 m
3
 could potentially save $13,370 in terms of 

economic value with the payback period of 34.8 years which 

could reduce 46,509 m
3
 of tap water resource demand as 

presented in Table I. 
 

TABLE I. INFORMATION REGARDING FEASIBLE OPTIONS FOR RAINWATER HARVESTING IN THAILAND 

Tank 

Capacity 

(m3) 

Water Demand Economic Value 

Total water 

demand 

(m3) 

[1] 

RWH 

volume 

(m3) 

[2] 

Tap water 

needed 

(m3) 

[1]-[2] 

Investment 

cost 

($) 

[3] 

RWH 

benefit 

($) 

[4] 

Tap water 

needed cost 

($) 

[5] 

Net 

benefit 

($) 

a-[3]+[4]-[5] 

Payback 

period 

(years) 

0 103,149 0 103,149 0 0 28,605a 0 - 

10 103,149 29,710 73,439 5,641 8,026 20,366 10,625 16.3 

20 103,149 39,739 63,410 10,074 10,735 17,585 11,682 32.9 

30 103,149 46,509 56,640 12,092 12,564 15,707 13,370 34.8 

 

RWH systems can reduce the load of the drainage systems 

for Bangkok city which can prevent flooding resulted from 

the existing infrastructure by decreasing the peak runoff.  
 

 
Fig. 3. Rainfall volume and tap water demand. 

 

 
Fig. 4. Relation of tap water reduction and tank capacity. 

 

 
Fig. 5. Rainfall distribution. 

 
Fig. 6. Cost of RWH installation versus a saving of tap water cost. 

 

 
Fig. 7. NPV and tap water reduction of RWH. 

 

If the RWH systems is installed in decent amounts, the 

municipalities could install smaller and less expensive storm 

water management systems. RWH systems can also help 

reducing the water resources demand from the municipal 

water supplies are drawn. By reducing tap water consumption, 

the production of water supply could potentially be reduced. 

As a result, the reduction in energy consumption and 

greenhouse gas emission from tap water production could be 

achieved as well as the price of water bills. 

 

IV. CONCLUSION 

This study was aimed to make the assessment for the 

potential of tap water reduction and economic feasibility from 
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rainwater harvesting system by utilizing the daily rainfall data 

in Thailand. The results can be an important tool for 

decision-making process for the stakeholders in designing the 

rainwater harvesting system. The results indicated that a small 

capacity of rainwater tank cannot substitute the tap water in 

the absence of rain for several days. In terms of economic 

feasibility, due to the rainwater tank cost and filtration system 

cost is quite high, the high capacity of tank cannot be 

compensated by tap water cost reduction in the specified time. 

Among the feasible options, the optimal tank capacity of 30 

m
3
 was suggested in this case study due to its potential to 

reduce the tap water demand even the size itself cannot 

reserve water resource sufficiently if there is no rainfall for 

several consecutive days with the positive NPV. This study 

emphasized that the rainwater harvesting can be more 

economically worthwhile if the building has a higher tap 

water demand or the higher tap water tariff. For stormwater 

drainage management, if there are a lot of building that install 

the rainwater harvesting system, it can reduce the peak flow 

during heavy rains and reduce the intensity of floods in the 

city. 
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