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 Abstract  

Increased population growth is linear to the proportional of the need for 

housing. Amid the difficulty of providing land for housing, the apartment is 

the option. Clean water supply for apartment needs is a major concern for 

developers. The increasingly shrinking source of surface water and excessive 

extraction of ground water is a factor in finding cheap and easily obtained raw 

water sources. DKI Jakarta with 2500-3000mm of rainfall per year has the 

potential of rainwater that can be utilized. The Rainwater Harvesting system is 

used for rainwater collection. The potential of rainwater can be known by 

analysing hydrological data using annual rainfall. Criteria of water quality for 

apartments are arranged based on the number of volumes as needed and the 

result of rainwater laboratory tests. It is known that rainwater can supply 

around 13,93% clean water needs for a month at December. According to the 

estimated calculation, the value of savings obtained if applying the rainwater 

utilization scheme is IDR 3,769.60 per m
3
. 

Keywords: rainwater harvesting, rainwater, rainfall, apartment, water 

quality  

 

1 Introduction 
   

The population growth in urban areas increases every year. It is directly 

proportional to the need for clean water. DKI Jakarta as one of the big cities 
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has the need for clean water which continues to increase every year with an 

increasing rate of 1% per year. In 2015, the clean water needs in DKI Jakarta 

had touched 1.2 billion m3 per year [4]. This is inversely proportional to the 

inadequate availability of clean water. Access to clean water in DKI Jakarta  

which meet the four principle (Quality, Quantity, Continuity, Affordability) 

is still at 63.2% in 2014 [2]. In DKI Jakarta, 93% of surface water sources 

such as rivers, pound have been polluted and exposure to E. Coli bacteria, the 

pollutant has reached 2 million per 100 mm3 of water. Coupled with 

excessive extraction of groundwater in the DKI Jakarta area reaching 64%, it 

is generally done illegally [3]. Excessive groundwater extraction will result 

in a decrease in the surface of the land to the sea level. Of course, it will be a 

problem in the future with frequent floods during the rainy season. 

Apartments as one of the types of residential areas that are currently 

becoming a trend, are not spared from the lack of clean water supply. So far, 

apartment water sources rely on PAM and WTP[6],[7],[9][21]. 

Rainwater has long been used as an alternative water source. Some 

literature states that rainwater can be used as a fulfilment of the need for 

clean water. In areas lacking fresh water sources, rainwater is the best choice. 

DKI Jakarta with rainfall of around 2500-300mm per year has the potential 

of rainwater that can be utilized.If applied with the right method and get 

support from related parties, the use of rainwater with the Rainwater 

Harvesting system can be the answer to the raw water crisis faced in the 

present era. 

 

1.1 Rainwater Harvesting 

Rainfall is the amount of rainwater that falls in an area within a certain 

period of time. Scientifically, Rainfall has an understanding in an area of 1 

m2 in a flat place accommodated by rain water as high as 1 mm or 

accommodated as much as 1 litre of rain water. So that the rainfall needed for 

the preparation of a water utilization plan is the average rainfall in the entire 

area concerned, not rainfall at a certain point. This rainfall is called regional / 

regional rainfall and is expressed in mm [11-20]. 

Rainwater harvesting is the activity of storing rainwater locally and 

storing it through various technologies, for future use to meet the demands of 

human consumption or human activities. Another definition of rainwater 

harvesting is the collection, storage and distribution of rainwater from roof, 

for use inside and outside the home or business. A rainwater harvesting 

system consists of three basic elements: collection area, transportation 

system and storage facilities. Fig 1 illustrates the rainwater harvesting that 

utilizing the roof area of a building. 
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Fig 1. Illustration of Rainwater Harvesting by Utilizing the Roof Area 

of a Building 

The catchment area depends on the type of surface of the catch, in this 

case the roof of the building, and the extent of gutters that collect water 

flowing from the surface of the catch. The runoff coefficient depends on the 

type of catch surface material, type of sewer and maintenance system. 

The total amount of water received in the form of rainfall in an area is 

called rainwater endowment. Of this amount, the amount that can be 

harvested effectively is called rainwater harvesting potential. All water 

falling in an area cannot be harvested effectively, due to various factors such 

as evaporation, spills, etc. These factors cause, the quantity of rainwater that 

can be harvested effectively is always less than the amount of rainwater 

endowment. 

Q   = I x C x A …………………… (1) 

Description: 

Q  = Peak discharge rate (m3/month) 

I  = Rainfall (mm/month) 

A  = Area of catchment (m2) 

C  = The catch coefficient, is an undying decimal 

that states the efficiency of the catchment area in harvesting rainwater. 
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The catchment area is the location from which the water will be 

collected. The coefficient of the catch can be determined from the shape of 

the roof of the building or from the building materials of the rain catcher. In 

this research, catch coefficient is determined for several types of roofing, 

including: 

a) Inverted-V amount of 0,84 

b) Level-semen amount of 0,81 

c) Parabolic amount of 0,81, and saw tooth 0,83 

Runoff is the flow of water flowing in a catchment area that falls on its 

surface in the form of rain. Factors that affect runoff from certain areas are 

the pattern and quantity of rain, characteristics of the catchment area, etc. To 

determine the amount and pattern of rainfall required observational data in a 

period of at least 10 years. This data can be collected from the local 

meteorological agency. Rainfall patterns in certain catchments affect the 

design of rainwater harvesting systems. In areas where rainfall is higher but 

is limited to a very short period, if the purpose of collecting rainwater is for 

direct use, a large storage tank is needed. Table 1 provides runoff coefficient 

based on type of material. 

Table 1. Runoff Coefficient Based On Type of Material 

 

 

 

 

 

 

 

1.2 Clean Water Quality Standard 

Classification of types of needs is needed in preparing clean water 

quality standards. Every need certainly has a certain standard value or 

threshold value for each parameter. For that, there are four steps that done in 

the preparation namely: 

• Benefits of Use 

• Development of Criteria 

• Standards and Regulations 

• Destination Selection 
 

 

Type of Material 
Runoff 

Coefficient 
Galvanized Iron Sheet > 0,9 
Sheet 0,7 - 0,9 
Ceramics 0,8 - 0,9 
Concrete 0,6 - 0,8 
Sidewalk brick 0,5 - 0,6 
Natural Stone 0,2 - 0,5 
Slope with soil 0,0 - 0,3 
Green Area 0,05 - 0,1 
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 After the four stages are carried out, the next thing is the preparation of 

clean water quality standards. The main factors that form the basis are 

hygiene and health. In terms of health alone, the weight is the same as 

consideration in terms of technical, cost and local social and political 

conditions. Health and hygiene are factors that must be considered, 

considering that health is an ideal condition that ensures survival. 

Indonesia has several clean water quality regulation standards for daily 

needs, prepared by the Ministry of Health, namely: 

• Permenkes: No. 32 of 2017 

• Permenkes: No. 492 of 2010 

• Permenkes No. 416 of 1990 

2 Related Works 

There has been a lot of research on the use of rainwater as raw water that 

can be processed into clean water. The research conducted by Nurhamimah 

Daulay (2016), by analysing Rainwater Harvesting and calculating the 

volume of rainwater that falls compared to the water needs of the population 

so that the resulting rain harvest system can be used for many people and a 

wider scope[10]. Research with the literature study method uses secondary 

data from the idea of implementing the Rainwater Harvesting system as a 

solution to the crisis of the availability of water resources in Jakarta, 

conducted by Budi Harsoyo (2010)[4]. Economic analysis and calculation of 

rainwater potential with the Rainwater Harvesting system implementation in 

the hotel building, conducted by Ahmad Saiful Fatih (2015)[1]. For research 

from abroad conducted by Liliana Lizaragga-Mendiola (2015)[8], the 

research focus on the application of the Rainwater Harvesting system in 

residential areas with the use of non- potable water needs. 

From previous research, it can be understood that no one has focused on 

the use of rainwater to meet the needs of clean water, especially in 

apartments. Then no one has proposed a scheme to use rainwater with several 

categories of needs based on water quality criteria. It can be extracted that 

rainwater can be used as raw water that can be processed for clean water 

needs. Rainwater is used because its availability is sustainable and easily 

available. The Rainwater Harvesting system is one of the systems that can be 

used to harvest rainwater. 

 

3 Methodology 

The implementation of this research is divided into several stages of the 

process, along with the implementation steps of this research in general: 

• Determine the area of the case study location in the apartment 

• Know the type of clean water needs and the volume of use per day 

• Testing of rainwater quality laboratories 
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• Review the results of rainwater quality testing with applicable water 

quality criteria standards 

• Estimated potential value of rainwater harvesting 

• Preparation of rainwater utilization schemes based on the categories of 

water needs that have been prepared 

• Estimated savings and costs of using rainwater [5] 

    
  

  
  ...................... (2) 

Description: 

Bwd  = Cost of Utilizing Rainwater per m3 (Rp/m3) 

Bd   = Daily Rainwater Utilization Fee (Rp/day) 

Nt   = IPA Processing Capacity (m3/day) 

3.1 Study Area 

The location used as a case study for this research is the Pakubuwono 

Terrace Apartment, with a classification of high-rise apartment types. The 

research location is in the DKI Jakarta area, precisely in the South Jakarta 

area, Kebayoran Lama. 

The apartment consists of two buildings namely the north & south tower. 

The occupancy or occupancy rate of the apartment is around ± 60% of the 

units occupied, with units that have been sold for 100%. This apartment 

starts operating and is inhabited from 2014 until now. 

 

3.2 Data Collecting 

A number of data needed in this research are primary data and secondary 

data. For primary data is data from the results of rainwater quality testing and 

direct interviews with the apartment engineering team regarding the type of 

water requirements. For secondary data, namely the volume of water 

requirements for each activity, water quality standards are in accordance with 

applicable regulations, rainfall data and catchment area. 

3.3 Data Processing 

In accordance with the explanation of the stages in the methodology 

chapter, data has been collected regarding the types of water requirements in 

the apartment. After obtaining the required data, it is then processed and 

made a diagram to make it easier to explain. 

There are types of activities that require water in the apartment area, then 

reviewed and grouped by type of water needs. Data on the distribution 

pipeline network are also involved as supporting data in the data processing 

process. Then there are seven types of activities that require water in the 

apartment. 

 



 
 

 
Rainwater Harvesting Scheme as Additional Source of Clean Water at 

an Apartment 648 

 
         Table 2. Amount of Daily Clean Water Needs in Apartment 

No. Type of Needs 
Volume of Use 

(m
3
/day) 

Percentage 

(%) 

1 Kitchen and Sink 49.70 22.25 

2 Shower 86.77 38.84 

3 Pool 7.70 3.45 

4 Toilet 37.70 16.88 

5 Laundry 11.30 5.06 

6 Housekeeping/Cleaning 10.20 4.57 

7 Gardening and Hydrant 20.03 8.97 

 Total 223.40 100.00 

 

Figure 2 is a percentage diagram of the water requirements presented in 

table 2. 

 

Fig 2. Diagram of Percentage of Water Needs in an Apartment 

4 Result 

From table 2 it is known the types of water requirements in the 

apartment. Then the types of water requirements that have been summarized 

in the table are reviewed quality standards with applicable regulatory 

standards. In this case the regulatory standards used are national and 

international standards. From the review carried out, a pyramid of water 

quality categories can be prepared. Fig 3 shows Pyramid Chart Category of 

Water Quality. 
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Fig 3. Pyramid Chart Category of Water Quality 

 

 

Regulatory standards are used as material to determine water quality 

categories, which will later be used to develop rainwater utilization schemes. 

With the categorization of water quality, it is seen that not all needs require 

the same quality of water in their fulfillment. Table 3 provides Categories of 

Water Quality and Quality Standards. 

 
Table 3. Categories of Water Quality and Quality Standards 

 
Level of 

Quality 
Type of Needs Standard of Criteria 

I Drinking Water 
Permenkes No. 429 / 

2010 

 

II 

Sanitation Hygiene 

(Kitchen, Sink, 

Shower) 

Permenkes No. 32 / 

2017 

III Swimming Pool 
Permenkes No. 32 / 
2017 

IV Toilet and Laundry US EPA / 2012 

V 
Housekeeping and 
Cleaning 

US EPA / 2012 

VI Gardening, Hydrant SFDPH / 2012 

  

After obtaining the results of testing the quality of rainwater, the types of 

needs in the apartment and the criteria for water quality in accordance with 

applicable regulatory standards. Then it can be arranged in a table of all 

collected data. Seen in table 4 is the results of rainwater testing with the 

criteria for water quality criteria and the type of needs in the apartment.  
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Table 4. Standard Criteria for Water Quality and Rainwater 

Laboratory Test Result 

 

 

Parameter 

 

Unit 
Laborato

ry Test 

Result 

 

Status 

Water Quality 
Standard 

Drinkin

g 
Water 

Sanitatio

n 
Hygiene 

Swimmi

ng 
Pool 

Toilet 

and 
Laundr
y 

Housekeep

ing/ 
Cleaning 

Gardenin

g 
and 
Hydrant 

Physical          
Turbidity NTU 0,22 Comply 5 25 0,5 2 10 - 
Color TCU 1,09 Comply 15 50 - 40 40 - 

Total 

Dissolved 

Solid 

(TDS) 

 

mg/l 

 

15 

 

Comply 

 

500 

 

1000 

 

- 

 

- 

 

- 

 

100

0 

 

Temperatur

e 

 

oC 

 

22,4 

 

Comply 

± 3 C 
(Ambient 
Temp.) 

± 3 C 
(Ambie
nt 
Temp.) 

 

- 

 

- 

 

- 

 

- 

Taste  Tasteless Comply Tasteless Tastele
ss 

16 - 40 - - - 

Odor  Odorless Comply Odorless Odorles
s 

Odorles
s 

- Odorless - 

Microbiolo
gy 

         

Total 
Coliform 

CFU/100 
ml 

3500 Not 
Comply 

0 50  200 100 200 

E. Coli CFU/100 
ml 

0 Comply 0 0 1  100  

Heterotroph

ic 
Late Count 

CFU/100 

ml 
- - - - 100 - - - 

Pseudomon

as 
Aeruginosa 

CFU/100 

ml 
- - - - 1 - - - 

Staphyloco

ccus 
Aureus 

CFU/100 

ml 
- - - - 10 - - - 

Legionella 
Spp 

CFU/100 
ml 

- - - - 1 - - - 

Chemical          
pH  6,5 Comply 6,5 - 8,5 6,5 - 

8,5 
7 - 8 6 - 

9 
6 - 9 6 - 

9 
Iron mg/l 0,02 Comply 0,3 1 - 0,3 0,3 5 
Flouride mg/l 0,24 Comply 1,5 1,5 - - - - 

CaCO3 
(Hardness) 

mg/l 8,08 Comply 500 500 - - - - 

Manganese  0,01 Comply 0,4 0,5 - 0,5 0,5 0,2 

Nitrat as N mg/l 0,57 Comply 50 10 - - - - 
Nitrit as N mg/l 0,004 Comply 3 1 - - - - 
Cyanide mg/l 0,001 Comply 0,07 0,1 - 0,3 0,3  
Detergent mg/l 0,03 Comply 0,05 0,05 -    
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In Figure 4, a graph shows the relationship between the amount of water 

demand in the apartment and the estimated total volume of rainwater harvest. 

It can be concluded that indeed rainwater yields cannot meet the water needs 

of the apartment to the fullest. But the potential savings that can be obtained 

if using rainwater is quite real even though the value of savings is still below 

15%. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Fig 4. Graph of the Amount of Water Needs and Estimated Rainwater 

Harvest Results 

 

Every need must have the value of each quality standard, which certainly 

does not have to go through the same processing. With the utilization scheme 

will explain this, it can be seen that what needs can be fulfilled and with the 

right type of processing and process. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 5. Schemes for Utilizing Rainwater in Apartments 

  

In figure 5 a rainwater utilization scheme is prepared, taking into account 

the value of the potential that exists with the quality of the rainwater being 

tested. It is known that by adjusting the potential value and the results of  
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rainwater quality testing, the supply of needs that can be met is in the 6 to 2 

water quality categories. 

The rating of the water quality category is obtained from the results of a 

review of the types of water requirements with the applicable regulatory 

standards in the country, namely Permenkes No. 32 / 2017. Six water quality 

categories were produced with parameters and different threshold values for 

each water quality category. More details related to this can be seen in table 4 

and figure 4. The water quality category is divided into six levels or the 

highest level or quality category 1 is water used to meet drinking water 

needs. The lowest quality category or quality 6 is water that is used for 

garden purposes such as watering plants and needs at any time such as 

firefighting activities. The scope of this research discusses water quality 

categories from rank 2 to 6. In accordance with the volume of needs 

commonly supplied by apartments with water sources used, namely from 

20% of PAM and 80% of Water Treatment Plants that treat wastewater. 

In table 5, it can be seen that the rain water treatment process in the rank 

of quality category 2 still gets an adequate value of savings compared to the 

usual costs incurred to fulfill Water Needs. It can be seen that the cost 

savings obtained in accordance with the scheme of utilization in this case 

scenario 1 is equal to IDR 22,768,504.67 per month compared to the cost of 

the usual water source used is IDR 33,274,803.73 per month. The value of 

potential savings that can be obtained is the difference between the two 

values, which is IDR 10,506,299.1 per month. This savings value includes 

adequate and calculated economical value. The lowest cost is the processing 

of rainwater into water with 6 quality categories, namely IDR 13,335,133.33 

per month. 

Utilization of rainwater with the lowest quality category is quality 6. This 

is because there is no need for a complicated process in processing. 

Processing only requires a filter device in the form of a net with a macro size 

gap of around 50 - 6 mm which can separate contaminants such as dirt and 

other solids which are carried by rainwater during the harvest process. The 

savings value generated is IDR 19,939,670.4 per month. From table 5 it can 

also be seen that if converted into costs incurred per m3 it is still efficient and 

economical. For the costs incurred for rainwater utilization, the quality 

category 2 is IDR 3,388.17 per m3. Whereas the usual cost of using water 

sources is IDR 4,951.61 per month. The source of water used is 20% PAM 

and 80% WTP, it can be concluded that compared to the WTP water 

treatment system, the use of rainwater is still more efficient. Especially when 

compared to water sources that are commonly used by most apartments 

today, namely PAM water sources, with the possibility of periodically 

increasing unpredictable rates every year. This is because the source of raw 

water from PAM is decreasing, causing the cost of processing and 

distributing PAM water to increase. 

For the costs of using rainwater according to the scheme, the cost that 

can be saved per month is IDR 22,617,645.30 with the costs incurred per m3 

being IDR 3,769.60. This tariff is still much cheaper compared to the supply 

of water from the current main water source. 
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                  Table 5. Estimated Cost Savings Potential Utilization of Rainwater 

 
  Rainwater PAM 20% WTP 80% 

1 2nd Quality    

 Day 758,950.16 502,000.00 607,160.12 
 Month 22,768,504.67 15,060,000.00 18,214,803.73 

Cost per Month 22,768,504.67 33,274,803.73 

Cost per m3 3,388.17 4,951.61 

2 3rd Quality    

 Day 750,762.89 502,000.00 607,160.12 
 Month 22,522,886.67 15,060,000.00 18,214,803.73 

Cost per Month 22,522,886.67 33,274,803.73 

Cost per m3 3,351.62 4,951.61 

3 4th Quality    

 Day 678,262.89 502,000.00 607,160.12 
 Month 20,347,886.67 15,060,000.00 18,214,803.73 

Cost per Month 20,347,886.67 33,274,803.73 

Cost per m3 3,027.96 4,951.61 

4 5th Quality    

 Day 456,837.78 502,000.00 607,160.12 
 Month 13,705,133.33 15,060,000.00 18,214,803.73 

Cost per Month 13,705,133.33 33,274,803.73 

Cost per m3 2,039.45 4,951.61 

5 6th Quality    

 Day 444,504.44 502,000.00 607,160.12 
 Month 13,335,133.33 15,060,000.00 18,214,803.73 

Cost per Month 13,335,133.33 33,274,803.73 

Cost per m3 1,984.39 4,951.61 

6 Utilization Scheme   

 Day 753,921.51 502,000.00 607,160.12 

 Month 22,617,645.30 15,060,000.00 18,214,803.73 

Cost per Month 22,617,645.30 33,274,803.73 

Cost per m3 3,769.60 4,951.61 

 

 

5 Result 
 

After conducting the research, conclusions can be taken with a number of 

points as follows: 

•Rainwater can be used as an alternative source of supply of clean water 

needs in high-rise apartments 

•The quality of rainwater harvested is still within the threshold value for 

physical and chemical parameters, but for microbiological parameters there 

is one parameter that is above the threshold, namely the total coliform of 

3500 CFU / 100ml. 

•Six categories of water quality are arranged according to the quality 

rating, namely 1st Quality (drinking water), 2nd Quality (sink, kitchen, 

bathroom), 3rd Quality (swimming pool), 4th Quality (toilet), 5th Quality 

(cleaning / cleaning) and 6th Quality (gardening and hydrants) 
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•The value of the greatest potential savings from rainwater utilization 

obtained from the harvested roof and wall area is 13.93% in the wet month in 

December which includes the rainy season 

•It has been calculated and analyzed for the investment costs of rainwater 

installation & processing equipment arranged in six scenarios according to 

the water quality category. 

•Estimated cost savings obtained by following a rainwater utilization 

scheme that is IDR 3,769.60 per m3. 

 

6 Conclusion 
 

From the research that has been carried out, it has produced several new 

knowledge findings as described in the objectives in the previous chapter. 

Among the findings of new knowledge is a rainwater harvest utilization 

scheme that is stratified according to water quality standards to supply 

various types of needs in apartments. With the utilization scheme and the 

preparation of water quality standards according to the type of need, it will 

be able to reduce the cost of processing raw water to become suitable water. 

For further research is to test the quality of rainwater from the catchment 

area on the side of the building wall. That way, it will be possible to know 

the feasibility of utilizing rainwater obtained from the side wall crops. Next 

is to calculate floors per floor with a summary for the volume of rainwater 

catchment by the wall. This is so that all sides of the building, both with 

balconies and windows, cannot be used as a rainwater harvesting area. 
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