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Summary
Jakarta which is one of the most populous urban area in the world, has a huge share (86%) of unsafely
disposed fecal waste. This fecal waste can result in diarrheal disease caused by enteric pathogens through
fecal-oral contact. Diarrhea is reported to be a major health problem by Jakarta’s clinics. The leading cause
of severe gastroenteritis and child death in Indonesia is Rotavirus (RV).
This study develops a new improved model that is named the Waterborne Pathogen model for Urban
Human RV Emissions (W-Pure Rota H1), to map the human RV emissions distribution to surface water in
Jakarta. Existing models, GloWPa-Rota H1 and KlaWPa-Rota, are adapted and combined. W-Pure Rota H1
incorporates the onsite sanitation source that was omitted in GloWPa-Rota H1 through the use of Shit
Flow Diagram (SFD), adopting the approach of KlaWPa-Rota. Using W-Pure Rota H1, this study analyses
changes in Jakarta’s rotavirus emissions to surface water for the 2017 and under four future (i.e. 2030)
sanitation development scenarios: “business as usual” (not improving the city’s sanitation), “halfway” (i.e.
implementing half of the city’s sanitation plan), “full-coverage” (i.e. achieving the city’s sanitation
coverage target), and “advanced” (i.e. go beyond achieving the city’s sanitation coverage target) .
In 2017, the total RV emissions to surface water in Jakarta is 2.0 × 1015 viral particles per year. Numerous
high emission hotspots (66 out of 261 subdistricts) are found especially in the large and densely populated
subdistricts. Onsite-not-contained sanitation is the main RV emission sources for 2017 and the 2030
scenarios. Children under 5 is the main RV emission source. In the business-as-usual scenario, population
growth increases the total RV emission by already 19% and this increases the number of hotspots to 101
subdistricts. In the halfway scenario, the total emissions are expected to reduce by 11%. In the fullcoverage scenario, universal sanitation access reduces 45% of the total emissions. Finally, in the advanced
scenario with added tertiary-stage wastewater treatment, modified conventional pits and tanks, and
improved onsite desludging, reduces the total emissions by 93%.
W-Pure Rota H1 is the first model to simulate onsite sanitation systems in a spatially explicit way. This
advancement clearly demonstrates high-end estimate of RV loads to surface water. However,
uncertainties remain from the underlying data, applied parameter and variable values, and assumptions.
The availability of general subdistrict data enables the model to identify higher emission areas in the
Jakarta area. Although the model is sensitive to the change in RV excretion and incidence rates, the spatial
emission distribution pattern is very robust. Thus, the model’s output is valuable to identify the pathogendata gap and to improve the knowledge of the RV emission sources. In the future, the model can benefit
using higher data quality and more localized variable values. An integration with a hydrology model would
enable to estimate of RV concentrations in surface water. This helps to assess the infection risk and the
RV-disease burden. Such advanced model likely serves as an informative tool to support decision-making
on improving sanitation world-wide.
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1. Introduction
1.1 BACKGROUND
Jakarta which is the capital city of Indonesia, is the tenth most populous urban area in the world (World
Bank, 2011). With its rapid urban growth in recent years, cities in Indonesia are growing faster than cities
in any of its neighboring countries (World Bank, 2013), whilst putting a massive additional load of domestic
wastewater into the environment. However, safe sanitation and wastewater disposal have been a major
concern of the city. Although 75% of Jakarta population has access to improved toilets (Jakarta Capital
City Government, 2017), only 14% of the total sewage is safely stored and treated. Meanwhile, the
remaining percentage (86%) is unsafely discharged to the environment and potentially leads to fecalwaste contamination, including pathogens, of water bodies (Jakarta Capital City Government, 2017).
These enteric pathogens cause gastroenteritis – or more likely to be known for its symptom, diarrhea –
and include viruses, bacteria and parasites. Acute gastroenteritis is often associated with viral infections
(Wilhelmi et al., 2003). These pathogens are transmitted via the fecal-oral route either through direct
person-to-contaminated-surface contact or indirectly through ingestion of contaminated food or water
(Eisenberg et al., 2012; La Rosa et al., 2012). There are 17 rivers and canals throughout Jakarta that are
utilized for drinking water resources, fisheries, and businesses. Moreover, approximately 73% of Jakarta’s
population does not have access to the piped water network and rely on either ground- or surface- water.
Half of the rivers and canals are prone to fecal contamination (Jakarta Capital City Government, 2017);
making water one of the key transmission routes for pathogens in the city.
As a flood-prone city, the exposure of Jakarta’s population to enteric pathogens is even more problematic.
In general, the reported diarrhea case in Jakarta’ clinics reached up to 50-70% of the total. Children are
affected the most (40% of the diarrheal cases in clinics) (Jakarta Capital City Government, 2017). Rotavirus
has been indicated as the main cause of diarrhea and it is accountable for 7,500 fatalities among children
aged under 5 in Indonesia (UNICEF, 2014). A study by Subekti et al. (2002) that sampled Jakarta’s diarrhea
patients revealed twice the amount of RV incidence compared to Norovirus and Adenovirus, being 41%,
21%, and 4% respectively.
The RV virulence is induced for several reasons. Firstly, it is highly persistent in the environment; it can
survive for months at a low temperature. Secondly, it has a low infectious dose (<100 RV particles) and it
is shed in a large number by infected persons (up to 1010-12 particles per gram feces) (da Silva et al., 2016;
Larry et al., 2003). Although RV vaccines have proven effective to reduce severe cases of diarrhea (Agus
et al., 2009; Suwantika et al., 2014), the vaccine efficacy is lower in developing countries compared to
developed ones (Patel & Parashar, 2009). Being a lower-middle income country, Indonesia’s introduction
of RV vaccines has been challenged with the affordability issue, especially for the poor. The government
has not been able to include the RV vaccine in their national immunization program or to provide a public
subsidy (Seale et al., 2015). Therefore, RV potentially remains a notable pathogen in the future and the
intervention of RV transmission by means of wastewater management is important.
Since the detection of pathogens in water is costly, time-demanding, and complicated (Ferguson et al.,
2012), the pathogen concentration data in the environment is poorly available. The information on
1

pathogen concentrations can later be used to assess the infection risk and the burden of disease. Yet, the
lack of understanding about the RV disease burden has been indicated as the key reason for the delayed
RV vaccine introduction in Indonesia (Suwantika et al., 2014). Modeling provides opportunities to fill these
pathogen information gaps.
This study explores the amount of RV emitted from sanitation facilities and practices in Jakarta to surface
water using a modeling approach. Two existing models are used to support the model development for
Jakarta i.e. the Global Waterborne Pathogen model for Rotavirus (GloWPa-Rota H-1) and the Kampala
Waterborne Pathogen model for Rotavirus (KlaWPa-Rota). The impact of sanitation development to the
RV emission is also studied by analyzing future scenarios. Moreover, high emission areas or hotspots are
identified. The result of this study can contribute to a better understanding of the potential viral water
pollution in Jakarta and to the Sustainable Development Goals (SDGs).

1.2 STUDY OBJECTIVE
This study aims to analyze the changes in the distribution of human Rotavirus emission to surface water
associated with sanitation development in Jakarta. The output of this study provides maps of human RV
emission distribution for the baseline year of 2017 and for 2030 under plausible sanitation development
scenarios.
Main research question
“What is the impact of sanitation development on human rotavirus emissions to the surface water in
Jakarta?”
Research questions
1. What possible improvement(s) are required to make the existing human rotavirus emission model(s)
suitable for use in Jakarta? (Chapter 2.2.1)
2. What are the plausible sanitation development scenarios for Jakarta in 2030? (Chapter 2.2.2)
3. How is the current spatial distribution of human rotavirus emission to the surface water in Jakarta and
can we identify hotspots? (Chapter 3.1)
4. How will the human rotavirus emissions change under sanitation developments in the year 2030?
(Chapter 3.2)

1.3 STUDY AREA
Jakarta is located on the northwest of Java Island with approximately 10.3 million population in 2017. The
number might even rise up to over 12 million people because people commute for work during weekdays
(World Bank, 2011). The city consists of 662.3 km2 of land area and 6,977.5 km2 of sea area. Although it is
referred to as the capital ‘city’ of Indonesia, Jakarta is administratively equal to a province. It has five
municipalities namely South-, East-, Central-, West-, and North- Jakarta (Figure 1), and one regency of
Seribu Island which is located outside of Java Island. Since Seribu Island only covers a very small fraction
of Jakarta (1.3%) and for several variables data required for this study are not available for the island, the
area is excluded, leaving a total of 42 districts and 261 subdistricts.
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According to the World Bank study, only 4% of Jakarta’s
residents are connected to the city’s main sewerage
networks (Jakarta Capital City Government, 2017).
Another 1% are connected to decentralized sewer
systems, also known as communal scale treatment,
developed for certain community area and either being
managed by the city or the community. Approximately
85% of the population are using flush toilets discharged
to septic tanks, while an estimated 10% of Jakarta’s
residents practice open defecation or use hanging
‘helicopter’ toilets that indiscriminately dump their fecal
waste into rivers, streams, or canals below. This open
defecation practice is found mostly in slum areas and
dwellings close to river banks. Yet, the database compiled
in this study, which is collected from several related
institutions (a more detailed explanation in Chapter 2.1),
showed different numbers (Table 4).
Although there is a national design standard of fullylined septic tanks with two chambers, the design
compliance is poorly enforced by the government
(World Bank, 2013). The existing onsite ‘septic tanks’ in Indonesia are typically soak-pits or partially-lined
one chamber pits with unsealed bottom, or tanks/pits with outlets directly connected to open drains and
rivers (Water and Sanitation Program, 2015). Besides, there has been a low demand for tank desludging,
where the average Indonesian dwellers emptied their tanks or pits after 16 years of use (Mills et al., 2014).
This tank desludging is either formally collected by operators and properly treated, self-emptied, or
illegally dumped to water bodies.
Figure 1 Map of Jakarta
(Source: Jakarta Statistical Bureau)

To accelerate its SDGs target fulfillment, the Indonesian sanitation pathway is moving towards the
national policy imperative of universal access by 2019 which includes 100% access to safe sanitation and
the eradication of open defecation. At the local level, Jakarta’s wastewater management strategy refers
to the Governor Regulation No. 41/2016 and the Jakarta sanitation grand design. The imperative divides
the city into 15 wastewater management zones as shown in Figure 2. An ambitious target was set as the
Governor Regulation demands the city to achieve 65% of its centralized sewer coverage by 2022 and 80%
coverage by 2030, while the remaining rely on onsite treatment coverage including decentralized sewer.
This imperative’s target is the accelerated target from the original 2012 Jakarta sanitation masterplan
(Table 1). Moreover, the onsite septage management strategy requires a shift from ‘on-call’ desludging
or emptying program to a regular desludging program throughout the city. The Jakarta wastewater
authority, PD PAL Jaya, targeted 888,626 customers in 125 subdistricts or the average of 1,400 households
per subdistrict by 2020 (IUWASH, 2015).
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Figure 2 Jakarta’s wastewater management zones
(Source: Japan Environmental Sanitation Center, 2012)
Table 1 Jakarta sanitation coverage target on 2012 masterplan versus Governor Regulation No. 41/2016
Coverage target
2012 Jakarta sanitation masterplan
Governor Regulation
Description
No. 41/2016
2030
2050
2030
Offsite facilities
Onsite facilities
Number of constructed zones

65
35
6

80
20
14

80
20
14

1.4 REPORT STRUCTURE
This report is divided into five chapters. Chapter 1 describes the sanitation situation in Jakarta and the
study objective. Chapter 2 explains the adaptation of existing models for Jakarta and the development of
future scenarios. This chapter thus addresses the first and second specific research questions. Chapter 3
presents the 2017 results, including the estimated emissions per sources and distribution maps, and their
analysis. This chapter answers the third and fourth research questions on the current and future RV
emissions. All results are discussed in Chapter 4, where model limitation, uncertainties and comparisons
with literature are explained. Lastly, the concluded answer of each research questions including Jakarta’s
capability to reduce emission in the future are presented in Chapter 5.
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2. Data collection and methods
2.1 DATA COLLECTION
The data used in this study are mainly secondary data. The RV emission model (subchapter 2.2.1)
comprises of area-specific variables and RV-specific variables. The area-specific data for Jakarta is a
compilation of information from statistics, reports, or maps that are obtained from the related institutions
during field visit or accessed online. These institutions include Ministry of Public Works (MPW), Ministry
of Health (MoH), Jakarta Statistical Bureau, Jakarta Water Resource Agency, Jakarta wastewater authority
PD PAL Jaya, Regional Disaster Management Agency, the World Bank Water and Sanitation Project (WB
WSP), and the United Nations Children’s Fund (UNICEF). Meanwhile, the RV-specific data is obtained from
literature.

2.2 METHOD
There are two main methods used in this study: the development of human RV emission model for urban
area and scenario analysis. The first method will answer the first specific research question, while the
second method will answer the second specific research question.
2.2.1 The human RV emission model for urban area
The RV emission model for Jakarta is developed by adapting elements of the existing RV loads models,
namely the Global Waterborne Pathogen model for Human RV Emissions (GloWPa-Rota H1) and the
Kampala Waterborne Pathogen model for RV Emissions (KlaWPa-Rota). GloWPa-Rota H1, a model
developed by Kiulia et al. (2015), is the first to model the global distribution of Rotavirus emissions to
surface water. And KlaWPa-Rota, a recently developed model by Okaali & Hofstra (2018), is the modified
version of GloWPa-Rota H1 developed for a city in Uganda, Kampala.
Similar to the situation in Uganda, the majority of the population in Indonesia is using individual onsite
facilities such as septic tanks and pits as their primary means of domestic wastewater treatment.
However, the GloWPa-Rota H1 neglects the RV emission from these onsite facilities. This emission is
classified as a non-source and is assumed not to reach the surface water. This assumption is not
necessarily true as the sludge from onsite facilities is often emptied, treated or discharged directly to
surface water (Kiulia et al., 2015). Therefore, the application of GloWPa-Rota H1 for Jakarta would lead to
a large underestimation.
The KlaWPa-Rota framework allows the inclusion of onsite system emission. Unlike the GloWPa-Rota that
estimates emissions from connected-, direct-, and diffuse- sources, KlaWPa-Rota classifies and estimates
emission differently. It incorporates emission from all sanitation types including offsite (sewer), onsite
(tanks and pits), and open defecation. With its shit-flow-diagram (SFD)-based approach, KlaWPa-Rota
follows the feces-flow from each source throughout the sanitation service chain from the containment
via emptying, transport and treatment to disposal (Okaali & Hofstra, 2018). Yet, unlike GloWPa-Rota H1,
KlaWPa-Rota has not been applied in the form of a spatially-distributed emission model with gridded
outputs. SFDs are usually only available at the city scale-level.
5

Therefore, as a way to improve existing models to suit Jakarta better, this study developed a new model
called the Waterborne Pathogen model for Urban Human RV Emissions or referred to as W-Pure Rota H1.
The model combined both GloWPa-Rota H1 and KlaWPa-Rota approaches by adapting the KlaWPa-Rota’s
SFD-based emissions calculation and distributed these emissions to grids as in the GloWPa-Rota H1. This
method allows this study to provide RV emission distribution maps and to identify area(s) with high
emission burden or ‘hotspot(s)’. Below is the emission classification of the W-Pure Rota H1 (SFD
Promotion Initiative, 2018):
1. Emissions from people with toilets connected to centralized sewer (offsite city);
2. Emissions from people with toilets connected to decentralized communal sewer (offsite
communal);
3. Emissions from people with individual pits and tanks with no outlet, or connected to soak-away
ground, or sewer (onsite contained);
4. Emissions from people with individual (unsealed) pits and tanks which are connected to open
drainage, or water body, or ground, or ‘don’t know where’ (onsite-not-contained); and
5. Emissions from people without sanitation facilities or unused sanitation facilities (open
defecation).
The emission classification above refers to the fecal-waste origins as presented in the Jakarta SFD (see
Appendix A). The W-Pure Rota H1 estimates the RV emission differently between age groups. Considering
that there are different ways of child feces disposal, the model applies correction factor in estimating
emission for children under 5 years old. The model takes into account feces from children who use toilets,
or put or rinse their feces into toilet, and feces that are left in the open or rinsed away. Meanwhile, feces
from children with diapers and feces that are disposed and buried in other places are assumed not to end
up in surface water. This correction factor is calculated based on Indonesia’s child feces disposal profile
(The World Bank & UNICEF, 2014), by averaging previously mentioned practices in children aged 1 to 4
years old (see Appendix D). This part is adopted from the GloWPa-Rota H1 equation, whilst, this is a newly
added component to the original KlaWPa-Rota equation.
Equations of the W-Pure Rota H1 model are as follows:
Total human RV emission
𝐻𝐻 =

Where
𝐻𝐻
𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎

25+

� 𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎

(Eq. 1)

𝑎𝑎𝑎𝑎𝑎𝑎=<5

is the total human emission
is the emission per age categories (<5 and others)

Emission per each age category
𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎>5 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎

Where
𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎>5

𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎<5 = �𝑓𝑓𝑓𝑓 · �𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎 �� + 𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎

(Eq. 2)
(Eq. 3)

is the emission from population aged over 5
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𝐻𝐻𝑎𝑎𝑎𝑎𝑎𝑎<5
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑓𝑓𝑓𝑓

is the emission from children aged under 5
is the offsite city emission
is the offsite communal emission
is the onsite-contained emission
is the onsite-not-contained emission
is the open defecation emission
is the child correction factor

Base equation
𝐻𝐻 = 𝑃𝑃 · 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠 · 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑓𝑓𝑛𝑛𝑛𝑛

𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑅𝑅𝑅𝑅 𝑖𝑖𝑖𝑖𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑅𝑅𝑅𝑅 𝑒𝑒𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎

Where
𝑃𝑃
𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠

𝑓𝑓𝑛𝑛𝑛𝑛
𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎
𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎
𝑅𝑅𝑅𝑅 𝑖𝑖𝑖𝑖𝑎𝑎𝑎𝑎𝑎𝑎

𝑅𝑅𝑅𝑅 𝑒𝑒𝑒𝑒𝑎𝑎𝑎𝑎𝑎𝑎

(Eq. 4)
(Eq. 5)

is the number of subdistrict population
is the fraction of the population with specific sanitation type (offsite city, offsite
communal, onsite contained, onsite-not-contained, open defecation)
is the fraction of feces that is not removed and may reached surface water
is the fraction of population per age categories (<5 and others)
is the viral particles excretion rate per person per age category
is the RV diarrhea incidence per age group (episodes/person/year)
is the RV excretion rate per age group (viral particle/ill person/episode)

Emission from each source
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎
𝑂𝑂𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎

Where

= 𝑃𝑃 · 𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 · �𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 · �1 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 � + 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 �
= 𝑃𝑃 · 𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 · �𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 · �1 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 � + 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 �
= 𝑃𝑃 · 𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑓𝑓𝑜𝑜𝑜𝑜 · �𝑓𝑓𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 · (1 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑜𝑜𝑜𝑜 ) + 𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛 · 𝑝𝑝𝑝𝑝�
= 𝑃𝑃 · 𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜 · �𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 · (1 − 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑜𝑜𝑜𝑜 ) + 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 + 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑙𝑙 + 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛 �
= 𝑃𝑃 · 𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑉𝑉𝑉𝑉𝑎𝑎𝑎𝑎𝑎𝑎 · 𝑓𝑓𝑜𝑜𝑜𝑜

𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 , 𝑓𝑓𝑜𝑜𝑜𝑜 ,
𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜 , 𝑓𝑓𝑜𝑜𝑜𝑜
𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ,
𝑓𝑓𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ,
𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ,
𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛
𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛
𝑝𝑝𝑝𝑝

(Eq. 6)
(Eq. 7)
(Eq. 8)
(Eq. 9)
(Eq.10)

is the fraction of the population with specific sanitation type (offsite city,
offsite communal, onsite contained, onsite-not-contained, open defecation)
is the fraction of the feces collected, delivered, and treated (for offsite city,
offsite communal, onsite contained, onsite-not-contained)
is the fraction of the feces collected, delivered, and not treated (for offsite
city, offsite communal, onsite contained, onsite-not-contained)
is the fraction of the feces collected and not delivered to treatment (for
offsite city, offsite communal, onsite contained, onsite-not-contained)
is the fraction of the feces not emptied (for onsite contained, onsite-notcontained)
is the zero mobilization-potential

RV removal during treatment
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠 = �𝑓𝑓𝑝𝑝 · 𝑅𝑅𝑅𝑅𝑝𝑝 � + (𝑓𝑓𝑠𝑠 · 𝑅𝑅𝑅𝑅𝑠𝑠 ) + (𝑓𝑓𝑡𝑡 · 𝑅𝑅𝑅𝑅𝑡𝑡 ) + (𝑓𝑓𝑎𝑎 · 𝑅𝑅𝑅𝑅𝑎𝑎 ) + �𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠 · 𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠 �

(11)
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Where
𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠

𝑓𝑓𝑝𝑝 , 𝑓𝑓𝑠𝑠 , 𝑓𝑓𝑡𝑡 , 𝑓𝑓𝑡𝑡 , 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠

𝑅𝑅𝑅𝑅𝑝𝑝 , 𝑅𝑅𝑅𝑅𝑠𝑠 , 𝑅𝑅𝑅𝑅𝑡𝑡 , 𝑅𝑅𝑅𝑅𝑎𝑎 , 𝑅𝑅𝑅𝑅𝑠𝑠𝑠𝑠𝑠𝑠

RV removal during treatment per sanitation type (offsite city, offsite
communal, onsite contained, and onsite not contained)
Fraction of primary treatment, secondary treatment, tertiary treatment,
aerated lagoon and stabilization pond
Removal efficiency in primary treatment, secondary treatment, tertiary
treatment, aerated lagoon and stabilization pond

As shown in Equation 5 above, the model requires information on the viral particle excreted by infected
persons. Existing RV diarrhea incidence studies in Indonesia are mostly performed on patients (Subekti et
al., 2002; Soenarto et al., 2009). Since viral infections more often lead into acute diarrhea and the
incidence is more often to be recorded in the hospitalized cases, those RV diarrhea incidence records do
not represent the whole population (Kiulia et al., 2015). Therefore, the W-Pure Rota H1 used the similar
RV diarrhea incidence value as used in Kiulia et al. (2015) that is specific for developing countries with
Human Development Index (HDI) lower than 0.785. The W-Pure Rota H1 also assigned the similar value
of RV excretion rate as in Kiulia et al. (2016) being 1 × 1010 viral particle/ill person/day or 7 × 1010 viral
particle/ill person/episode. Summaries of the RV-specific variables and the area-specific variables for the
model are presented in Table 2 and Table 3 respectively.
Table 2 RV-specific model variables
Variable

RV excretion rate (RVex): 7 x 1010 particles/ case/ episodes
RV incidence rate (RVin)
Children under 5 years: 24% episodes/ person/ year
Others: 1% episodes/ person/ year
RV removal efficiency during treatment
Primary stage (REp): 20%
Secondary stage (REs): 97.5%
Tertiary stage (REt): 99.21%
Lagoon (REl): 95%
Wastewater stabilization pond (REstp): 95%

Data source

Kiulia et al. (2015)
Kiulia et al. (2015)

Kiulia et al. (2015)
Bausum et al. (1983)
Williams & Overbo (2015)

As presented in the Equation 11, a fraction of RV in sewage is removed during treatment depending on
the existing technology. There are two existing sludge treatment plants with stabilization pond technology
to treat sludge from emptied onsite storages. Besides, the wastewater from sewer is treated in an aerated
lagoon. Meanwhile, there are various technologies for offsite communal facilities, including secondary
treatments such as rotating biological contactor (RBC), bio-activator, aerobic-anaerobic biofilter, blivet,
anaerobic baffled reactor (ABR), and solar cell aerator, as well as tertiary treatment like membrane
bioreactor.
In this study, RV emissions are calculated per subdistrict since the input data for subdistrict is available.
The calculated emission for each subdistrict is distributed at a 0.0083 x 0.0083 degrees latitude x longitude
grid or equivalent to approximately 1 x 1 km2. This resolution is higher than the GloWPa-Rota H1’s 0.5 x
0.5 latitude x longitude or 50 x 50 km2 grid cell. The model is simulated using R-studio.
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Table 3 Area-specific model variables
Variable

Population (𝑃𝑃)
Fraction population per age categories (<5, 5-14, 15-25, and 25+
years) (𝑓𝑓𝑎𝑎𝑎𝑎𝑎𝑎 )
Fraction of population connected to sewer (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 )
Fraction of population connected to decentralized sewer (𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)

Fractions of population with onsite contained and onsite-notcontained systems (𝑓𝑓𝑜𝑜𝑜𝑜 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜 )

Fraction of population practicing open defecation (𝑓𝑓𝑜𝑜𝑜𝑜 )

Child correction factor (𝑓𝑓𝑓𝑓)
Fraction of feces along the sanitation service chain:
collected/emptied - delivered – treated, collected/emptied delivered - not treated, collected/emptied - not delivered, not
emptied (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 , 𝑓𝑓𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 ; 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ,
𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ; 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ,
𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 ; 𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛 , 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛 )

Fraction of primary treatment, secondary treatment, tertiary
treatment,
aerated
lagoon
and
stabilization
pond
(𝑓𝑓𝑝𝑝 , 𝑓𝑓𝑠𝑠 , 𝑓𝑓𝑡𝑡 , 𝑓𝑓𝑡𝑡 , 𝑓𝑓𝑠𝑠𝑠𝑠𝑠𝑠 )

Data source

Statistics Indonesia
Statistics Indonesia
Jakarta wastewater authority PD PAL Jaya
database
The community-based sanitation program
(SANIMAS) database and the Jakarta Water
Agency database.
Note: When the capacity of the communal
treatment is known but the number of
household-connections (HCs) is unavailable,
the number of HCs is assumed to cover 80%
of the WWTP’s idle capacity (see Appendix B).
The Jakarta SFD.
Note: Fractions of the population with onsite
contained and onsite-not-contained are
calculated by applying SFD’s portion of
onsite-contained (35%) and onsite-notcontained portions (50%) to the non-sewer
and non-open-defecation population.
MoH community-based total sanitation
(STBM) monitoring data
The World Bank & UNICEF (2014)
The Jakarta SFD.
Note: The model used fractions by Jakarta
SFD and applied these fractions relatively for
each subdistrict (see Appendix A).

Compilation of database from MPW,
community-based
sanitation
program
(SANIMAS), the Jakarta Water Resource
Agency, and Jakarta wastewater authority.

2.2.2 Scenario analysis
The impact of sanitation development on the RV emissions is studied by analyzing plausible scenarios for
the year 2030, which is the end year of the Jakarta city sewerage plan. In developing these scenarios, this
study considered two variables that are identified by the World Bank (2013) as the drivers and barriers to
Indonesian sanitation i.e. financial capacity and policy enforcement. In addition to its own public budget,
the city relies heavily on loans and donors to cover their sanitation investment gaps. This funding
availability is crucial to achieve the planned sanitation coverage target. In addition, policy enforcement is
an important factor to decide the septage management level and compliance with design standards.
Based on the drivers’ tendencies, the future might unfold into four quadrants of scenarios, namely
“business as usual (BAU)”, “halfway”, “full coverage” and “advanced” scenarios. As previously described
9

in Chapter 1.3, there is an acceleration of Jakarta’s sanitation plan. In this study, upper-quadrant scenarios
refer to Jakarta’s accelerated 2030 sanitation target as set in the Governor regulation, where the whole
of Jakarta is covered by a sewer network. Meanwhile, bottom-quadrant scenarios refer to the initial 2030
masterplan target with only 6 priority service zones. Assumptions made for each scenario are presented
in Figure 3 below.

Figure 3 2030 sanitation development scenarios and its assumptions

Originally, the target is to have 80% sewer coverage on each service zone. Considering the slow progress
of sewer connections in the last decade, the sewer coverage target is adjusted to 60% in 2030. The offsite
communal treatments are aimed for medium- and heavy- slum neighborhoods, wherein scenarios with
high financial capacity are assumed to build more communal treatments than in the lower budget
scenarios. Meanwhile, strong policy enforcement and budget availability are assumed to accelerate the
conventional septic tanks modification into standardized and improved septic tanks. This is translated into
an increasing percentage of onsite-contained in the advanced scenario. In addition, strong policy
enforcement also increases the regular desludging program (RDP) implementation. For the advanced
10

scenario, most of the onsite facilities are standardized and therefore easier to empty. Hence, the target
of regular desludging is higher than in the halfway scenario.
Based on the sanitation masterplan (Japan Environmental Sanitation Center, 2012), in addition to the
existing sludge treatment plants, there will be another stabilization pond with 600 m3/day capacity and
three other sludge treatment with a total of 1,770 m3/day capacity that will be combined with new
wastewater treatment plants (WWTPs). New WWTPs will be equipped with either activated sludge
(secondary) or membrane biological reactor (tertiary). In this study, the activated sludge technology is
applied for halfway and full coverage scenarios. Whilst, the membrane biological reactor is applied for the
advanced scenario.
Table 4 Model variable values for baseline condition and the 2030 scenarios
Variable
Sanitation coverage
Offsite centralized
Offsite communal
Onsite-contained
Onsite-not-contained
Open defecation
Offsite centralized sanitation
Connected, delivered, treated (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 )
Connected, delivered, not treated (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 )
Connected, not delivered (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 )

Offsite communal sanitation
Connected, delivered, treated (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 )
Connected, delivered, not treated (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 )
Connected, not delivered (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 )
Onsite-contained sanitation
Emptied, delivered, treated (𝑓𝑓𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 )
Emptied, delivered, not treated (𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 )
Emptied, not delivered (𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 )
Not emptied (𝑓𝑓𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛 )

Onsite-not-contained sanitation
Emptied, delivered, treated (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 )
Emptied, delivered, not treated (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 )
Emptied, not delivered ( 𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 )
Not emptied (𝑓𝑓𝑜𝑜𝑜𝑜𝑜𝑜,𝑛𝑛𝑛𝑛𝑛𝑛 )

2030 scenario
Full
Halfway
coverage

Baseline
2017

BAU

0.5
0.4
38.5
55
5.6

0.5
0.4
38.5
55
5.6

31.8
0.5
33
33
1.7

60
0.6
16
23
0

60
0.7
35.4
3.9
0

90
10
0

90
10
0

100
0
0

90
10
0

100
0
0

100
0
0

100
0
0

100
0
0

100
0
0

100
0
0

6
21
50
24

6
21
50
24

24
0
0
76

6
21
50
24

45
0
0
55

0
0
2
98

0
0
2
98

0
0
0
100

0
0
2
98

0
0
0
100

Advanced

The 2030 scenario involves a change in population. Since the projected population for 2030 per subdistrict
is unavailable, it is estimated in this study using geometric and back-casting methods (Appendix C).
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3. Results
3.1 RV EMISSIONS TO SURFACE WATER FOR BASELINE YEAR
The total RV emissions to surface water for the baseline year and future scenarios are presented in Figure
4. The total RV emissions in 2017 were 2 × 1015 viral particles per year. Although children <5 years only
occupied around 9% of the population, they were the highest emission contributor (59.4%) due to their
larger RV incidence than in other age groups. Onsite facilities, the most common sanitation type in Jakarta,
were also found to be the main emission source. The onsite-not-contained type produced over half of the
total emission (61.1%), whilst the onsite contained produced 30.5% of the total. Open defecation practice
contributed around 8.3% of the emission. Moreover, since sewers only covered less than 1% of the
population, offsite city and offsite communal sources were estimated to contribute small amounts (0.08%
and 0.01% respectively).
The RV emission map for the baseline year is shown in Figure 5a. Subdistricts with emission higher than 1
× 1013 viral particles per year were considered as hotspots and were colored red on the map. There were
66 hotspots out of a total of 261 subdistricts. Most hotspots were located on East Jakarta (20 hotspots),
the most populous area in Jakarta; then followed by North Jakarta (18 hotspots) which is the area with
the largest number of slums. The highest RV emissions were found in three most populous subdistricts:
Kapuk (3.1 × 1013 viral particles per year), Penggilingan (2.2 × 1013 viral particles per year) and Pulogebang
(2.1 × 1013 viral particles per year). Central Jakarta was recorded with the lowest emission. This area is
functioning as a governmental and business center; hence, it has the smallest number of residents.
Moreover, sewer is available in some parts of Central Jakarta, and therefore, it generated the least
emission.

3.2 RV EMISSIONS TO SURFACE WATER FOR 2030 SCENARIOS
RV emission maps for 2030 scenarios and their differences from the 2017 emission are presented in Figure
5b-i. Summary of 2017 emissions and changes in 2030 is presented in Table 5. In 2030, Jakarta’s
population was expected to increase to around 12.2 million people. In the business-as-usual (BAU)
scenario, the population growth was projected to increase by 19% compared to the total emission (2.4 ×
1015 viral particles per year). In this scenario, total hotspot added up to 101 subdistricts.
The halfway scenario result represented future changes for the situation when if the sanitation
acceleration plan was delayed, yet wastewater management services were improved. By expanding
people’s access to sewer, improving inadequate onsite facilities, and applying regular desludging for half
of the Jakarta area, the RV emission to surface water from offsite city, offsite communal and onsite
contained increased by 1,278%, 59% and 38% respectively. Still, these escalated numbers were lower than
emission reductions from onsite-not-contained and open defecation sources, leading up to a total RV
emission reduction of 11%. As shown in Figure 5g, emission reductions were concentrated in six
constructed zones where the sewer network was built, whilst emissions in other areas continued to
increase.
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Baseline & scenarios

advanced
full

offsite city
offsite communal

half

onsite contained

bau

onsite-not-contained

2017

open defecation
0

2E+15

4E+15

RV emissions (viral particles per year)
Figure 4 Jakarta RV emissions to surface water for baseline year and 2030 scenarios

The full-coverage scenario demonstrated future changes for the situation when the universal access was
achieved, but improvement on other sanitation services were neglected. In this scenario, the total RV
emission decreased by 45% from the baseline with only 8 hotspots left. With a massive population shift
from onsite sanitation towards sewers, onsite contained and not-contained sources were projected to
drop by 50% each. While, the offsite city emission largely increased by 12,123%.
In the full-coverage scenario, subdistricts generated lower emissions than the baseline year, except for
the Batu Ampar subdistrict (see Figure 5h). Batu Ampar has the second highest population growth rate
(0.06), and no open defecation in 2017. On this level, the population growth effect was stronger than
emission reductions for onsite facilities. However, results were in contrast on subdistricts with the
eradication of open defecation. On Rawasari subdistrict, for example, even with the highest population
growth rate (0.08), the RV emission reduction from open defecation eradication could overlap the
population growth impact. Three highest emission reductions were found on Kapuk, Pulogebang, Pluit,
Jatinegara, and Sukapura subdistrict. These are large and densely populated subdistricts where the
population was expected to decrease over the years and have dealt with open defecation.
The advanced scenario represented the best plausible future. Universal sanitation access, treatment
improvement, inadequate onsite facilities modification, and regular desludging implementation
throughout Jakarta would reduce the total emission by 93%. Furthermore, no hotspot was found.
Table 5 RV emissions in 2017 and changes in 2030
Sanitation type
Offsite city
Offsite communal
Onsite contained
Onsite-not-contained
Open defecation
Total

2017
RV emissions
(viral particles
/year)
1.6 × 1012
2.3 × 1011
6.3 × 1014
1.2 × 1015
1.7 × 1014
2.0 × 1015

Changes in 2030 emissions (%)
Business as
usual scenario

Halfway
scenario

Full-coverage
scenario

Advanced
scenario

+19
+19
+19
+19
+19
+19

+1,287
+59
+38
-28
-70
-11

+12,123
+78
-50
-50
-100
-45

+684
+78
-98
-92
-100
-93
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a.

2017

b.

BAU

f.

BAU

c.

Halfway

g.

Halfway

d.

Fullcoverage

h.

Fullcoverage

e.

Advanced

i.

Advanced

Figure 5 Maps of Jakarta’s approximate RV emissions to surface water in log10 viral particles per year for 2017 (a)
and 2030 for BAU (b), halfway (c), full-coverage (d), and advanced (e) scenarios and differences between
2030 and 2010 for BAU (f), halfway (g), full-coverage (h), and advanced (i) scenarios
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In full-coverage and advanced scenario, East Jakarta was recorded with the highest RV emission, followed
by South Jakarta, West Jakarta, North Jakarta, and Central Jakarta, which was similar to the order of the
largest to smallest population. Comparison of both scenarios showed that tertiary treatments for WWTPs
in the advanced scenario generated 15-folds lower offsite-city emission than in full-coverage scenario with
secondary treatments. Moreover, the total emission in full-coverage scenario is higher by 8-folds than in
advanced scenario.
In general, onsite sources, especially the onsite-not-contained, obtained the largest emission share in
2017 and the 2030 scenarios (Figure 4). They ranged from 49% (halfway scenario) to around 80%
(advanced scenario) share of the total emission. This large share was not necessarily caused by its large
coverage, but also because the amount of wastewater that reached surface water untreated. This can be
seen clearest in the advanced scenario, in which the onsite not contained covered only 4% of the total
sanitation types. In this scenario, the onsite-not-contained emission contributed around 80% of the total
emission. Meanwhile, the scenario result shows that communal treatments would be an ineffective
solution towards the safe sanitation challenge. Since communal treatments only applied for a small group
of people within a neighborhood, the additional communal treatments would only increase the coverage
at a small amount.
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4. Discussion
The W-Pure Rota H1 is an improved version of GloWPa-Rota H1 and KlaWPa-Rota. It now incorporates
the onsite sanitation system in a spatially explicit way. This likely is the first model to do so. The model is
appropriate for urban areas with a substantial fraction of onsite sanitation, and this is likely the case in
developing countries (Harada et al., 2008). With this model, hotspots can be identified. This study
analyzed changes in rotavirus emissions to surface water under sanitation development for the year 2017
and 2030. The sanitation development is translated as increased coverage, improved treatment, and
progress in sanitation services.
The W-Pure Rota H1 estimates a total of 2.0 × 1015 RV particles/year for Jakarta. It is higher compared for
the most populous urban in Uganda, Kampala, where the KlaWPa-Rota estimates a total of 3.7 × 1014 RV
particles/year (Okaali & Hofstra, 2018). The reason for this is because Jakarta owns 3-times larger size and
7-times higher population. On the other hand, Kampala has wider sewerage coverage (22%) and less
onsite-not-contained (40%) and open defecation (<1%). Hence, fewer RVs are emitted to the environment
in Kampala than in Jakarta. Meanwhile, in GloWPa-Rota H1, the Jakarta region is only covered by one 50
× 50 km2 grid cell with a total emission that is higher than 1015 viral particles per year in 2010. However,
the size of Jakarta only owns a quarter of the grid surface. Thus, this grid is likely to include emissions from
surrounding provinces such as Bogor, Depok, Tangerang, and Bekasi.
The W-Pure Rota H1 presents RV loads to surface water that are on the high end, or conservative. The
SFD, which is the basis for the calculation, does not distinguish waste disposal points onto land,
groundwater, drain, or surface water. For that reason, the entire effluent from onsite-not-contained is
assumed to overflow into drains or rivers. This could well be an overestimation since onsite-not-contained
facilities also include open-bottom pits or tanks in which the waste leached into the ground (Water and
Sanitation Program, 2015). Moreover, it is assumed that the urban population practicing open defecation
directly defecate into open drains or streams due to the lack of space in densely populated areas. Although
it is true for most of the case, the assumption is slightly unrealistic as there are people that defecating
onto the ground (Pokja AMPL DKI Jakarta, 2012). However, such detailed information is not available on
the subdistrict level. Finally, wastewater reuse was not taken into account because the practice of reuse
was unknown in Jakarta and it is possible that the reclaimed water flows back to surface water.
A sensitivity analysis was not conducted in this study. Such analysis has been performed in previous
studies by Vermeulen et al. (2015) for the GloWPa model for Cryptosporidium and Okaali & Hofstra (2018)
for the KlaWPa-Rota model. Both studies identified the two most sensitive model parameters to be RV
excretion and RV incidence rates in the population. Okaali & Hofstra (2018) shows that by increasing the
RV excretion to 1 x 1012 particles per capita and increasing 48% and 10% of RV incidence rates of children
<5 years old and other age groups respectively, the emission will increase from 14.57 log10 to 17.30 log10
particles/day. Whilst, in Vermeulen et al. (2015), increasing 1 log10 of the RV excretion rate and doubling
incidence rates in the population can multiply the emission by 20 times. These results are expected to be
the same for this model since the W-Pure Rota H1 adapted the KlaWPa-Rota’s calculation method and
has more or less similar variables with GloWPa model. The consequence of RV excretion and incidence
parameters used in this study to the simulated output is explained in the coming paragraph.
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RV incidence and excretion rates for future scenarios are kept similar to the baseline year. This assumption
neglects the effect of RV vaccination spread amongst the population which are proven to reduce severe
gastroenteritis (Patel & Parashar, 2009). Meanwhile, as the sanitation improves and more people are
vaccinated, RV incidence and excretion rates likely decrease in the future. Considering that the model
output is highly sensitive to RV excretion and incidence-rate changes, the model likely overestimates
future emissions. However, the model is developed to achieve my study’s aim to specifically analyze the
sanitation development impacts and not adaptation measures.
Additionally, the W-Pure Rota H1 applies similar RV incidence rates as in GloWPa-Rota H1 because the
population-based RV incidence study in Indonesia are not available. RV incidence rates in patients merely
covered severe cases, thus, do not correspond to the entire population (Kiulia et al., 2015). Nevertheless,
these global values are possibly not representative for Jakarta. Moreover, these values are not urbanspecific. For the urban population, the RV incidence is likely to be lower than for rural residents (Breiman
et al., 2014; Page et al., 2014). This might be caused by the greater public access to health services in
urban than in rural areas which leads to better prevention towards RV infection (Kumi-kyereme & Amoadjei, 2016). Moreover, different values within different parts of the city can also occur. Urban slums and
peri-urban settlements, for example, are indicated with the highest diarrhea incidence due to their
substantial population growth under urbanization and poorness in housing, water, and sanitation (Khan
et al., 2014; Osei & Stein, 2017).
Another variable to be discussed is the RV removal during treatment. Removals currently only incorporate
one value for treatment at different stages. Rather than applying a specific removal value for certain
treatment types, the model assigned single RV removal values to primary (20%), secondary (97.5%), and
tertiary (99.2%) stage. Literature shows that viruses can be reduced by 76.56 - 99.97% in a conventional
activated sludge (secondary) and 99.95% in a membrane bioreactor (tertiary) (Naughton & Rousselot,
2017; Verbyla & Rousselot, 2018). On that account, the tertiary stage removal applied in this model is
possibly too low, while the secondary treatment is harder to remark since it varies widely. However, those
studies include (enteric) viruses in general and are not RV specific. As a consequence, the removal
uncertainty is lower for the baseline and BAU scenario since tertiary treatments exist only in few
communal WWTPs for minor population number. Meanwhile, the uncertainty is higher for halfway and
full-coverage scenarios where newly built WWTPs are equipped with activated sludge, and on the
advanced scenario where membrane-bioreactor are applied. Also, removal may be higher due to future
technological advancement. Besides that, this study also neglects the viral survival in pits and tanks. The
survival process in pits and tanks is complex and determined by the storage period and temperature
(Vermeulen et al., 2017). And thus far, literature for RV survival in pits or tanks is not available. In contrast
with uncertainties from removals during treatment previously described, the RV survival in pits or tanks
affects the output of baseline and BAU scenario more than other scenarios since they have larger portion
of pits and tanks system.
Uncertainty also emerges from the underlying coverage data. A few communal WWTPs did not have
connections data (Appendix B). In this case, sewer connections are calculated by assuming 80% of the idle
capacity is reached, while other assumptions are based on the country’s national standards. This
uncertainty is expected to be small since communal treatments only covered small communities. Beside
of that, as sanitation development is financially-driven (Saruta et al., 2017), conventional and substandard
onsite facilities are more likely to be found on low-income neighborhoods than on high-income
neighborhoods. While there are no subdistrict data for the total onsite-contained and onsite-not17

contained sanitations in Jakarta, the model applies onsite-contained and onsite-not-contained fraction
from the SFD equally for the entire subdistricts. Although the fraction is less accurate for subdistrict
application, it is likely representative for Jakarta as a whole.
Another uncertainty comes from offsite emissions that are distributed over subdistrict grids. Where in
reality, sewage after treatment is discharged to surface water through one particular outlet. It means that
emission from one offsite treatment may accumulate and occur in only one grid cell where the discharge
point is located, rather than scattered throughout subdistricts. To include this scheme in the model, it
requires more detailed information for discharge coordinates and developing sensible way to incorporate
this. However, considering that offsite emissions in Jakarta are much lower than other emission sources,
I expect that this does not affect the results.
The application of census population data limits the model estimates for the actual city residents and
users. My analysis ignores the population that commutes and travels to the city. For example, when
calculating emissions from people connected to sewers, it only includes residential connections, whilst
commercial building connections for hotels, hospitals, offices, shops, malls, etc. are excluded. In a capital
city, like Jakarta, many commercial buildings exist and the population varies during weekdays (World
Bank, 2011). Thus far, I have not seen a reasonable manner to include this because records on the numberand the spreading of the non-residential population do not exist. However, it is possible that this only
influence the output in a slight way, since defecation are usually part of morning routine for people in
Indonesia. Therefore, the feces are likely to remain on their original location.
Inevitably, model uncertainties remain from the underlying input data, assumptions and parameter
values. In the future, the model development can benefit from the use of higher data quality and more
localized parameter values instead of current global-based values. However, noting that, although the
output is sensitive to few parameters, changing the value for entire area will not strongly change the
spatial emission distribution pattern and hotspots (Okaali & Hofstra, 2018). Therefore, RV emission maps
in this study remain valuable. The output is appropriate for the main study aim which is to understand the
RV emission distribution and hotspots identification. Application of different parameter values in lowerversus higher income areas and in urban-slums versus others may be interesting to research in the future
in order to further understand the influence of people’s wealth to the emission. In this case, hotspots
might change. Unfortunately, such parameter values are currently unavailable for Jakarta.
The model is able to utilize the SFD to approximate RV emissions to the surface water and to generate
spatial distribution maps. However, it is currently difficult to validate the model output since the RV
measurement on Jakarta’s sewage and streams do not exist. Thus, under this lack of information, the
study is useful for filling the information gap and improving the RV-loads knowledge of the area. While in
GloWPa-Rota the RV emissions are estimated on the country level, the W-Pure Rota H1 is able to zoom in
to a far more detailed level. It is supported by the availability of general subdistrict data in Jakarta. By this,
the study can provide a more precise distribution map and able to identify higher emission areas.
The emerging SFD application, particularly in Indonesia, allows the model to easily be replicated for other
cities. However, the case will be more challenging for regions without SFD. In the future, the model can
be integrated with a hydrology model to further estimate the RV concentration in surface water. This
knowledge is useful for performing a health risk assessment, such as quantitative microbial risk
assessment (QMRA), to understand the RV disease burden. The lack of comprehension on the weight of
sanitation issue and disease burden has resulted in poorly committed governments and delayed the RV
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vaccine introduction in Indonesia (Suwantika et al., 2014; World Bank, 2013). Therefore, the model can
serve as an informative tool for related stakeholders to support their decision-making process in
sanitation and health sectors. The work contributes to the achievement of SDG 3 ‘good health and
wellbeing’ and SDG 6 ‘clean water and sanitation’.
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5. Conclusions
This study requires to answer four research questions as follows: 1) What possible improvement(s) are
required to make the existing human rotavirus emission model(s) suitable for use in Jakarta?; 2) What are
the plausible sanitation development scenarios for Jakarta in 2030?; 3) How is the current spatial
distribution of human rotavirus emission to the surface water in Jakarta and can we identify hotspots?; 4)
How will the human rotavirus emissions change under sanitation developments in the year 2030?.
As the answer to the first research question, an improved model named W-Pure Rota H1 incorporates the
onsite sanitation emission, that was omitted in GloWPa-Rota H1, in a spatially explicit way. It is done by
adapting the SFD-based-approach and the spatial distribution method of KlaWPa-Rota and GloWPa-Rota
H1. W-Pure Rota H1 demonstrates the high-end estimation and able to map RV emission distribution and
identify high emission hotspots. Moreover, W-Pure Rota H1 is used in this study to simulates Jakarta RV
emissions to surface water for the year 2017 and 2030 under four sanitation development scenarios.
To answer the second research question, sanitation development for future scenarios is translated to the
level of sanitation coverage, wastewater treatment and sanitation services. The extent of this
development is based on the city’s tendency towards financial capacity and policy enforcement. In the
business-as-usual scenario which is the worst case, the population growth impact can be studied.
Meanwhile, the halfway scenario demonstrates the delayed sanitation plan implementation. The fullcoverage scenario represents attainment of universal sanitation access without any improvement in
containment, transport, and treatment of the fecal waste. While in the advanced scenario, the universal
sanitation access is accompanied by tertiary treatment, onsite regular desludging, and retrofits of
inadequate onsite storages.
For the third research question, W-Pure Rota H1 simulates a total RV emission of 2.0 × 1015 in 2017 due
to an enormous amount of unsafely managed wastewater. Numerous hotspots (66 out of 261 subdistricts)
are found especially in largely populated subdistricts where the majority is located in East Jakarta. In
addition, children under five who are more vulnerable to RV infections than other age groups are the
highest emission contributor. Meanwhile, the onsite-not-contained is the most important source of
emission for 2017 and 2030 scenarios.
For the fourth research question, this study shows that without sanitation improvement, the total RV
emission is expected to raise by 19% with a total of 101 hotspots in 2030 (business-as-usual scenario). In
general, the universal sanitation access is essential to reduce RV emissions to surface water in the future.
When the accelerated sanitation plan is delayed for half of the Jakarta area, the total emissions decreases
by 11% (halfway scenario). Applying more advanced sewage treatment in a larger population (advanced
scenario) still produces less offsite city emission than by connecting a smaller population to sewer with a
lower treatment level (halfway scenario). But without any improvement on containment and transport of
the waste (full-coverage scenario), the achievement for universal sanitation access is projected to produce
up to 8-folds higher emission than if the whole sanitation services are improved (advanced scenario).
As explained above, this study responds to its aim where changes on the distribution of human RV
emission to surface water under sanitation development in Jakarta are identified. On the side note,
although uncertainties remain in W-Pure Rota H1, emission distribution maps provided are robust. This
20

output is useful to identify the pathogen gap in Jakarta. Further integration with hydrology model would
allow the simulation of RV concentrations in surface water which also enables the health risk assessment.
Such model serves as an informative tool to support decision-making and contributes improving sanitation
worldwide.
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Appendix A. Jakarta SFD

Figure 6 The Jakarta SFD
(source: Blackett, 2017)
Table 6 Fractions of feces-flow along the sanitation service chain
Connected or
emptied,
delivered,
treated

Connected or
emptied,
delivered,
not treated

Not delivered

%

Fraction

%

Fraction

%

Fraction

%

Fraction

%

Offsite city

3.6

0.9

0.4

0.1

0

0

-

-

4

Offsite communal

1.5

1

0

0

0

0

-

-

1.5

Onsite contained

2

0.06

7

0.2

17

0.5

8

0.24

34

Onsite-not-contained

0

0

0

0

1

0.02

49

0.98

50

Sanitation type

Not
emptied

Total
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Appendix B. Calculation for WWTPs connections
For WWTPs without connection data, it is calculated using equation below:
Wastewater discharged per person
= 120 l/day (based on Governor Regulation No. 122/2005)
People per household
= 5 (based on Indonesian National Standard No. 03-1733-2004)
Wastewater discharged per household = wastewater discharged × number of people per household
= 0.6 m3/day
#𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 =

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝 ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜ℎ𝑜𝑜𝑜𝑜𝑜𝑜

× 80%

Table 7 List of WWTPs with calculated connections

Subdistrict

WWTP name

Grogol

Waduk Grogol

Kebon Melati

Waduk Melati

Cempaka Putih Barat

Rusun Jati Rawasari

Malakasari

Malakasari

Capacity (m3/day)

# of
connections

400

533

800

1067

800
80

1067

140

187

200

267

107

Sunter Jaya

Waduk Sunter Selatan
Rusun Komarudin

400
240

533

Pulo Gebang
Pulo Gebang

Rusun Pulo Gebang

160

213

320

26

Appendix C. Population projection
The population projection for 2030 is done using the geometric approach and back-casting the data to
2010. This approach is similar with the approach used by Statistics Indonesia (2013) for projecting national
population. Equations for this method are presented below:
1

𝑃𝑃𝑡𝑡 𝑡𝑡
𝑟𝑟 = � � − 1
𝑃𝑃0

𝑃𝑃𝑡𝑡

𝑃𝑃0
𝑟𝑟
𝑡𝑡

𝑃𝑃𝑡𝑡 = 𝑃𝑃0 (1 + 𝑟𝑟)𝑡𝑡

= number of populations in year ‘t’
= number of populations in the baseline year
= population growth rate
= total year gap between baseline and t

Table 8 Example of population projection with geometry method

Subdistrict

2010
population

2017
population

Annual
growth rate
1

2030 projected
population

Pondok Pinang

66,418

68,315

𝑃𝑃𝑡𝑡 𝑡𝑡
𝑟𝑟 = � � − 1
𝑃𝑃0

Kebayoran Lama Selatan

42,670

44,435

0.006

47,909

Kebayoran Lama Utara

42,422

46,064

0.012

53,678

Cipulir

40,907

41,229

0.001

41,834

Grogol Selatan

49,460

52,232

0.008

57,799

Grogol Utara

51,760

55,453

0.010

63,025

Bintaro

50,662

59,140

0.022

78,828

Pesanggrahan

24,392

31,392

0.037

50,154

Ulujami

42,455

46,660

0.014

55,605

0.004

𝑃𝑃𝑡𝑡 = 𝑃𝑃0 (1 + 𝑟𝑟)𝑡𝑡

71,983
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Appendix D. Child correction factor
The child correction factor is decided based on the average proportion of child feces disposal under ‘left
in the open’, ‘rinsed away’, ‘put/rinsed into toilet/latrine’, and ‘child used toilet/latrine’ categories (see
figure below). Feces from other practices outside of those classification is presumed not to reach surface
water. The calculated child correction factor for Indonesia is 0.70.

Figure 7 Child feces disposal in Indonesia
(Source: The World Bank & UNICEF, 2014)
Table 9 Percentage of children whose feces is left in the open, rinsed away, put/rinsed into toilet/latrine, and children
who used toilet/latrine
Feces disposal method
Left in the open
Rinsed away
Put/rinsed into toilet/latrine
Child used toilet/latrine
Subtotal
Total

𝐶𝐶ℎ𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 (𝑓𝑓𝑐𝑐 ) =

Children with particular feces disposal method (percentage in the diagram)
0
1
2
3
4
1
2
1
2
1
18
7
4
3
1
5
19
43
59
61
30
33
26
18
17
54
61
74
82
80
351
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 𝑡𝑡ℎ𝑒𝑒 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
351
=
= 0.7
500
500
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