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New normal routines have continued to campaign since the COVID-19 pandemic broke out in 

2019. One of these new habits is to keep washing your hands after every activity. Hand 

washing can be done using hand sanitizer or soap and washed in running water. As a result, 

the need for water to meet the habit of washing hands is expected to affect domestic water 

needs in a certain area. Therefore, this study aims to estimate the increase in domestic water 

demand during the COVID-19 pandemic caused by the new routine of washing hands in the 

research area in the city of Banda Aceh, Indonesia. In addition, this study will also estimate 

domestic water needs until 2030 if the COVID-19 pandemic has not ended. Innovations in this 

research can help increase efficiency in water use and help prevent the spread of disease. This 

study uses a sampling method in several places in Banda Aceh city to obtain data related to 

the volumetric water used, handwashing time, and frequency of handwashing. Besides, data in 

water discharge from water supply companies in Banda Aceh city from 2018 to 2020 was also 

collected. Finally, data on the population of Banda Aceh city was also collected. The 

information and data are then analyzed using a statistical approach between supply and 

demand. Although it appears that there is a projected increase in domestic water demand of 

1.89% per year due to the COVID-19 pandemic from 2021 to 2030, this is still 41.48% greater 

than the ability of water supply companies in the city of Banda Aceh to meet domestic water 

needs up to 2030. In conclusion, if the pandemic continues until 2030, with the expected 

increase in population, the domestic water needs in Banda Aceh city will still be fulfilled. 
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1. INTRODUCTION

Since the outbreak of the COVID-19 pandemic in 2019, 

many studies have focused on preventing the spread of the 

virus. Not only studies related to drugs and medical devices 

that can help people with COVID-19 but also many studies 

related to providers of public facilities to reduce the spread of 

the virus. Sitorus et al. [1] reports the results of their research 

related to analyzing the energy needs of an automatic hand 

sanitizer if it will be applied to the COVID-19 pandemic. In 

addition, Sitorus et al. [2] also released the data from his 

research openly to be used more widely. 

New routines during the COVID-19 pandemic also provide 

new activities that require large natural resources. For example, 

the habit of using single-use masks [3-5] will also increase the 

consumption of natural resources such as materials for making 

masks. Moreover, a new activity that is no less important is the 

habit of washing hands with clean water, which creates a large 

need for clean water [6-8]. This increase in activity will also 

impact increasing household water needs [9]. Currently, the 

availability of clean water in some areas is a problem due to 

this unexpected increase in demand. One of the reasons for the 

increased consumption of clean water during the coronavirus 

pandemic is due to health protocols that require people to wash 

their hands with water and soap frequently. In addition, many 

people prefer to buy mineral water rather than water from 

sources that are not guaranteed to be clean. 

The increase in clean water consumption during the 

COVID-19 pandemic to carry out handwashing activities is 

unavoidable. This is to avoid the virus COVID-19 [10-12]. 

The contribution of each field of science is needed to both be 

able to solve this problem with their respective expertise. 

Efforts to ensure the availability of clean water due to new 

normal activities during the COVID-19 pandemic must be 

carried out. Infrastructure related to the provision of clean 

water must also be provided and prepared more thoroughly 

[13-15]. Therefore, it is important to know the consumption of 

clean water for handwashing activities during this pandemic 

period to make better projections in providing clean water for 

a particular area. To the best of our knowledge, water 

consumption to wash hands during the COVID-19 pandemic 

has not been widely reported. 

Therefore, the objective of this study was to predict regional 

water demand during the COVID-19 pandemic caused by the 

new activity (handwashing) with the research area in Banda 

Aceh City, Indonesia. The results of this study are expected to 
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be a reference for water supply companies in estimating the 

need for clean water in the Banda Aceh city area during the 

COVID-19 pandemic.  

 

 

2. MATERIAL AND METHOD 
 

2.1 Population growth prediction on Banda Aceh city 
 

The estimation of the population of Banda Aceh city is 

approached using the least square method. Several studies 

have widely used this approach to estimate population growth 

[16-18]. In general, the increase in population using the least-

squares approach can be calculated using Eq. (1). The 

population data used comes from the Indonesian Central 

Statistics Agency (BPS, 2021) from 2016 to 2020 (Table 1). 

With these data, the coefficients a and b can be calculated 

using Eq. (2) and Eq. (3), respectively. The magnitudes of 

coefficients a and b are 249.348 and 5.321, respectively. Using 

this coefficient value makes it possible to estimate the 

population until 2030. 
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(3) 

 

where, Pn-number of populations in year to-n, a, b- coefficient 

of least squares, P-number of populations per year, Yn-year to-

n, and Y-year. 
 

Table 1. Total population of Banda Aceh city (2016-2020) 
 

Year Populations (P) Y Y 2 P  Y 

2016 254,904 1 1 254,904 

2017 259,913 2 4 519,826 

2018 265,111 3 9 795,333 

2019 270,321 4 16 1,081,284 

2020 276,304 5 25 1,381,520 

Total 1,326,553 15 55 4,032,867 

 

2.2 The water requirement in Banda Aceh city 

 

This study's total domestic water demand consists of 

household water needs and hydrant water needs. The 

household water demand for one year is calculated using Eq. 

(4). The water demand at the hydrant station for one year is 

calculated using Eq. (5). Besides, due to the COVID-19 

pandemic, other activities that require water are washing hands. 

Based on data obtained from water supply companies in Banda 

Aceh city, it is known that there are 80% of clean water 

customers can be served directly to residents' homes, and the 

rest are served by making hydrant stations. 
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where, Whs-total water demand in households (m3/year), Rshs-

presentation of clean water services in households (%), Rhs-

level of household water consumption (l/day), Dy-number of 

days for one year, Whd-total water demand at hydrant stations 

(m3/year), Rshd-presentation of clean water services at hydrant 

stations (%), and Rhd-rate of water consumption at hydrant 

stations (l/day) 

The level of household water consumption in Indonesia is 

known to be 70 l/capita/day. In addition, the consumption level 

of water use at the hydrant station is 30 l/capita/day. This value 

is smaller than the level of water use consumption for 

developed countries reported by Hussien et al. [19], which 

reached 241 l/capita/day. However, direct observations were 

carried out for the level of water consumption to wash hands 

during the COVID-19 pandemic in Banda Aceh city. The 

water consumption rate for handwashing during the COVID-

19 pandemic is calculated using Eq. (6). The total water use 

for handwashing per year is calculated using Eq. (7). 
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where, Rh-rate of water consumption for washing hands during 

the COVID-19 pandemic (ml/day), TPD-total per day for 

washing hands (day-1), V1-volume of water for one hand 

washing (ml), Wh-total water needs for washing hands during 

the COVID-19 pandemic for one year (m3/year). 

The population was observed in three clusters, i.e., the 

cluster at the school, the cluster at the traditional market, and 

the cluster at the household. The number of respondents in 

each cluster is not less than ten people. The parameters 

observed were the length of time for washing hands, the total 

per day for washing hands, and the volume of water used. The 

duration of the handwashing activity was observed by 

measuring the time taken by the respondent to wash their 

hands once using a stopwatch. In addition, the amount of water 

used by the respondents to wash their hands was also 

accommodated, and the volume was measured with a 

measuring glass. After that, respondents were interviewed 

regarding the total per day to wash their hands during the 

COVID-19 pandemic. 
 

2.3 Analysis of the percentage of water availability 
 

The volume of water needed in the case study area of this 

research can be projected more precisely after knowing the 

level of consumption of each water use activity. Water demand 

will be estimated for one year in volumetric units of cubic 

meters (m3), considering the population. After that, data on 

average water supply for the last three years from water supply 

companies were collected and analyzed. The percentage of 

regional water use can then be calculated using Eq. (8). The 

total area water demand is calculated using Eq. (9). 
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where, Uw-percentage of regional water use (%), Tw-total 

regional water demand (m3), Ts-total regional water supply 

(m3). 
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3. RESULT AND DISCUSSION 

 

3.1 Prediction of the population in Banda Aceh city 

 

The results of the estimation of the total population from 

2021 to 2030 in Banda Aceh city using the least square 

approach are presented in Figure 1. In addition, the prediction 

of the total number of residents who can be served through 

water supply companies in Banda Aceh City directly to the 

residents’ homes (called water households) about 80% of the 

total population and another 20% are served at hydrant stations 

as a collective provider of water for residents. The population 

increase in this area causes an increase in water supply for 

households and the hydrant stations. Population increase 

results from balancing birth and death rates in this study area. 

 

 
 

Figure 1. Estimated population of Banda Aceh city from 

2020 to 2030 

 

3.2 Handwashing water requirement 

 

The standard of water needs for hand washing during the 

COVID-19 pandemic has not been widely reported. This 

makes it difficult to predict the total water needs of a certain 

area during the COVID-19 pandemic, which is inseparable 

from the city of Banda Aceh. The total need for handwashing 

water during the COVID-19 pandemic per person per day in 

the three main clusters is presented in Table 2. In general, the 

time required to wash hands in all observation clusters has 

been greater than the handwashing time recommended by 

WHO [6]. According to the World Health Organization 

(WHO), the recommended time to wash your hands with soap 

and water is 20 seconds. This is sufficient time to kill germs 

and bacteria on your hands. In addition, it is essential to ensure 

that the water and soap touch all parts of the hands, including 

the palms, wrists, and between fingers. 

 

Table 2. The total need for handwashing water during the 

COVID-19 pandemic per person per day 

 
Location Times (s) Total per day Volume (ml) 

School and 

University 

28.46±10.97 7.23±2.76 1054.79±579.44 

Traditional 

Market 

27.45±11.12 10.60±5.22 867.50±319.87 

Home 35.70±10.18 7.80±1.6 855.00±326.69 

 

The results show that the home and traditional market 

clusters provide the fastest time for washing hands. This is 

presumably because every citizen has understood the 

importance of washing hands properly so that in the house 

cluster, the time needed to wash hands is carried out longer. 

In addition, the total per day for washing hands is known to 

be the most found in traditional market clusters. This is 

probably because residents in traditional market clusters 

interact more. From that, they often wash their hands after 

interacting with each other. 

The volume of water required to perform one handwashing 

is greatest in the university and school clusters. This is thought 

to be influenced by cognitive factors from students at the 

university and school levels. The volume of water that many 

students tend to use in washing their hands ensures that their 

hands have been washed properly and are free of soap residue. 

 

3.2.1 Consumption at the school location 

Water consumption for washing hands during the COVID-

19 pandemic at the elementary school level is presented in full 

in Figure 2. The X-axis describes respondents, the Y-axis on 

the left describes time and total per day, and the Y-axis on the 

right represents the volume of water used. It can be seen that 

the average time it takes students to wash is 33.08±12.21 s. 

The average amount of water used by students was 

1061.54±729.9 ml. On average, the total per day for students 

to wash their hands is 6.67±2.22 times. The longest hand 

washing time, the largest consumption of handwashing water, 

and the most frequent total per day for washing hands were 53 

s, 2400 ml, 9 times, respectively. The fastest hand washing 

time, the smallest amount of handwashing water consumption, 

and the rarest total per day for washing hands were 14 s, 250 

ml, 3 times, respectively. 

 

 
 

Figure 2. The amount of water used for handwashing in 

elementary schools location 

 

Water consumption for washing hands during the COVID-

19 pandemic at the junior high school level is presented in full 

in Figure 3. The X-axis describes respondents, the Y-axis on 

the left describes time and total per day, and the Y-axis on the 

right represents the volume of water used. It can be seen that 

the average time it takes students to wash is 18.50±4.61 s. The 

average amount of water used by students was 1120.0±506.56 

ml. On average, the total per day for students to wash their 

hands is 8.0±2.57 times. The longest hand washing time, the 

largest consumption of handwashing water, and the most 

frequent total per day for washing hands were 26 s, 2300 ml, 

12 times, respectively. The fastest hand washing time, the 
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smallest amount of handwashing water consumption, and the 

rarest total per day for washing hands were 12 s, 500 ml, 4 

times, respectively. 

Water consumption for washing hands during the COVID-

19 pandemic at the senior high school level is presented in full 

in Figure 4. The X-axis describes respondents, the Y-axis on 

the left describes time and total per day, and the Y-axis on the 

right represents the volume of water used. It can be seen that 

the average time it takes students to wash is 26.77±4.23 s. The 

average amount of water used by students was 1200.0±400.0 

ml. On average, the total per day for students to wash their 

hands is 8.38±2.7 times. The longest hand washing time, the 

largest consumption of handwashing water, and the most 

frequent total per day for washing hands were 36 s, 2300 ml, 

15 times, respectively. The fastest hand washing time, the 

smallest amount of handwashing water consumption, and the 

rarest total per day for washing hands were 20 s, 700 ml, 5 

times, respectively.  

 

 
 

Figure 3. The amount of water used for handwashing in 

junior high school location 

 

 
 

Figure 4. The amount of water used for handwashing in 

senior high school location 

 

Water consumption for washing hands during the COVID-

19 pandemic at the university level is presented in full in 

Figure 5. The X-axis describes respondents, the Y-axis on the 

left describes time and total per day, and the Y-axis on the right 

represents the volume of water used. It can be seen that the 

average time it takes students to wash is 33.58±12.15 s. The 

average amount of water used by students was 835.83±551.63 

ml. On average, the total per day for students to wash their 

hands is 5.83±2.73 times. The longest hand washing time, the 

largest consumption of handwashing water, and the most 

frequent total per day for washing hands were 64 s, 2000 ml, 

10 times, respectively. The fastest hand washing time, the 

smallest amount of handwashing water consumption, and the 

rarest total per day for washing hands were 19 s, 200 ml, 2 

times, respectively. 

 

3.2.2 Consumption at the traditional market location 

Water consumption for washing hands during the COVID-

19 pandemic at the Lampulo traditional market is presented in 

full in Figure 6. The X-axis describes respondents, the Y-axis 

on the left describes time and total per day, and the Y-axis on 

the right represents the volume of water used. It can be seen 

that the average time it takes respondent to wash is 20.3±5.95 

s. The average amount of water used by respondent was 

915.0±280.22 ml. On average, the total per day for respondent 

to wash their hands is 13.2±6.13 times. The longest hand 

washing time, the largest consumption of handwashing water, 

and the most frequent total per day for washing hands were 35 

s, 1400 ml, 20 times, respectively. The fastest hand washing 

time, the smallest amount of handwashing water consumption, 

and the rarest total per day for washing hands were 5 s, 500 ml, 

13 times, respectively. 

 

 
 

Figure 5. The amount of water used for handwashing in 

university location 

 

 
 

Figure 6. The amount of water used for handwashing in 

Lampulo traditional market location 
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Water consumption for washing hands during the COVID-

19 pandemic at the Aceh traditional market is presented in full 

in Figure 7. The X-axis describes respondents, the Y-axis on 

the left describes time and total per day, and the Y-axis on the 

right represents the volume of water used. It can be seen that 

the average time it takes respondent to wash is 34.6±10.48 s. 

The average amount of water used by respondent was 

820.0±348.71 ml. On average, the total per day for respondent 

to wash their hands is 8.0±1.84 times. The longest hand 

washing time, the largest consumption of handwashing water, 

and the most frequent total per day for washing hands were 56 

s, 1450 ml, 12 times, respectively. The fastest hand washing 

time, the smallest amount of handwashing water consumption, 

and the rarest total per day for washing hands were 6 s, 450 ml, 

20 times, respectively. 

 

 
 

Figure 7. The amount of water used for handwashing in 

Aceh traditional market location 

 

 
 

Figure 8. The amount of water used for handwashing in 

household location 

 

3.2.3 Consumption at the household location 

Water consumption for washing hands during the COVID-

19 pandemic at the household is presented in full in Figure 8. 

The X-axis describes respondents, the Y-axis on the left 

describes time and total per day, and the Y-axis on the right 

represents the volume of water used. It can be seen that the 

average time it takes respondent to wash is 35.7±10.18 s. The 

average amount of water used by respondent was 

855.0±326.69 ml. On average, the total per day for respondent 

to wash their hands is 7.8±1.6 times. The longest hand washing 

time, the largest consumption of handwashing water, and the 

most frequent total per day for washing hands were 49 s, 1250 

ml, 10 times, respectively. The fastest hand washing time, the 

smallest amount of handwashing water consumption, and the 

rarest total per day for washing hands were 20 s, 400 ml, 5 

times, respectively. 

 

3.3 Total water needs during the COVID-19 pandemic 

 

During the COVID-19 pandemic, the total water demand 

that must be supplied to an area will increase in volume. At 

least the water that must be provided by the water company 

consists of water supply for household needs, public hydrants, 

and for handwashing activities during the COVID-19 

pandemic. Predictions of water demand for each of these 

activities between 2021 and 2030 are presented in Table 3. The 

need for handwashing water has contributed to an increase in 

the volume of 14.31% of household water needs, or 33.55% 

greater than water consumption at hydrant stations. The 

significant difference between water consumption for hand 

washing and water consumption at hydrant stations is due to 

the mass use of hydrant stations so that the per capita water 

consumption level is lower. 

 

Table 3. Prediction of total domestic water demand from 

2020 to 2030 

 
Year Handwashing 

(m3/year) 

Household 

(m3/year) 

Hydrant’s station 

(m3/year) 

2021 822,627 5,749,220 615,988 

2022 838,188 5,857,977 627,640 

2023 853,750 5,966,734 639,293 

2024 869,311 6,075,492 650,946 

2025 884,873 6,184,249 662,598 

2026 900,434 6,293,006 674,251 

2027 915,996 6,401,763 685,903 

2028 931,557 6,510,520 697,556 

2029 947,119 6,619,277 709,208 

2030 962,680 6,728,034 720,861 

 

3.3.1 Estimated water requirement for handwashing 

The need for water for hand washing during the COVID-19 

pandemic is a citizen need that water supply companies must 

meet. The standard of the volume of water needed for this 

activity is not widely known. Based on experimental data in 

the field, this research can be recommended, especially for 

Banda Aceh City, that the total water users per day for 

handwashing is 8.17 times with a volume of 981.15 ml per day.  

The standard water requirement for hand washing during 

the COVID-19 pandemic above can project water needs for 

this activity until 2030. Considering the number of people 

living in Banda Aceh City, the total water demand for 

handwashing increases by 15,562 m3 from year to year. It is 

projected that in 2030 if the pandemic persists, the water 

requirement for handwashing will be in the range of 962,680 

m3 per year. 

 

3.3.2 Estimated water requirement for household  

Household water needs are water consumption used directly 

by residents in their respective homes. Water supply 

companies in the city of Banda Aceh claim that they have been 

able to serve 80% of the water distribution to people's homes. 

The level of water consumption in the household is also known 

to be in the range of 70 liters per person per day.  

Residents' water needs that water supply companies can 

directly serve can be predicted until 2030. Total water 
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consumption at the household level will increase by 1.89% 

from the previous year. It is predicted that in 2030 the water 

demand at the household level will be in the range of 

6,728,034 m3 per year. Water needs at the household level 

contribute 79.99% of the total water provided by water 

companies in Banda Aceh city by 2030. 

 

3.3.3 Estimated water requirement for hydrant station 

The hydrant station is provided for residents who cannot be 

served directly by the water supply company. Based on the 

report of the water supply company, it can be seen that there 

are only about 20% of residents in Banda Aceh City who use 

this facility with an average consumption of clean water of 30 

liters per person per day. 

It is predicted that this hydrant station to serve society will 

still be available until 2030. The increase in water 

consumption at this station is estimated to be only 11,653 m3 

per year. It is projected that in 2030 the water demand at the 

hydrant station will be in the range of 720,861 m3 per year. 

The water consumption of this station is not too significant 

because it only contributes about 8.57% of the total water 

demand in 2030. 

 

3.4 Prediction of water availability 

 

The water supply company in the city of Banda Aceh claims 

that it can supply water of 20,276,749±1,913,332 m3/year. 

This is already 41.48% greater than the projected total water 

demand in Banda Aceh City until 2030. The balance of total 

water demand and availability is presented in Table 4. The 

ability of clean water supply companies to supply water for 

residents in Banda Aceh City is estimated to be surplus. 

However, every year there is an increase in water consumption 

by 0.67%. In another study, Kim et al. [20] reported that the 

COVID-19 pandemic increased water demand in the 

residential sector by 8.08–16.41%. Therefore, water supply 

companies must be aware of the potential for increasing water 

demand to avoid water shortages in an area in the future.  

 

Table 4. Water usage balance during the COVID-19 

pandemic 

 
Year Total water requirement 

(m3/year) 

Usage percentage 

(%) 

2021 7,187,835  35.45 

2022 7,323,806  36.12 

2023 7,459,777  36.79 

2024 7,595,748  37.46 

2025 7,731,720  38.13 

2026 7,867,691  38.80 

2027 8,003,662  39.47 

2028 8,139,633  40.14 

2029 8,275,604  40.81 

2030 8,411,576  41.48 

 

Population growth is one of the factors affecting water 

demand. The more the population of an area, the greater the 

need for water needed to meet daily needs such as drinking, 

cooking, bathing, and so on. In addition, population growth 

can also lead to an increase in demand for water for industrial 

and agricultural purposes. However, on the other hand, 

population growth that is too fast can also cause water shortage 

problems if an adequate increase does not match in water 

supply capacity. Therefore, it is important to consider and 

properly manage the relationship between population growth 

and water demand in order to achieve a healthy balance. 

 

 

4. CONCLUSIONS 

 

The demand for water during the COVID-19 pandemic due 

to the new normal activity in the form of hand washing has 

been successfully predicted until 2030 to provide more in-

depth information for decision-makers. Although the case 

studies in this research only focus on Banda Aceh city, 

Indonesia, the application of this approach is very wide open 

for use in other areas. The water demand in this case study is 

reported in the surplus category until 2030 even though it is 

still in a state of the Covid-19 pandemic. It is known that the 

new normal activity in the form of hand washing contributes 

to mining water needs by 11.44% of the total water demand 

each year. In addition, handwashing activities carried out by 

residents in Banda Aceh city were reported at around 8.17 

times with a volume of water of 981.15 ml per day. 

On the other hand, household water needs are predicted to 

contribute 79.99% of the total water provided by water supply 

companies by the end of 2030. Water supply companies are 

also still committed to providing water collectively at hydrant 

stations for residents of Banda Aceh city, with predictions of 

volume in 2030 is 720,861 m3. Last but not least, the 

availability of water for the city of Banda Aceh is projected to 

still have a surplus of more than 50%, even with an increase in 

water consumption during the COVID-19 pandemic. The 

water industry should build on these results and use the lessons 

learned and insights from COVID-19 to prepare its future 

better. 

One of the limitations of this study is that it only predicts 

the amount of water used for domestic purposes during the 

COVID-19 pandemic and does not consider the need for water 

for industrial or agricultural purposes. Further, broader 

research could include a more in-depth analysis of how the 

COVID-19 pandemic affects water needs across different 

sectors and how these needs can be met reasonably and 

efficiently. It is expected to provide better guidance for future 

water planning and management. 
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