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1. INTRODUCTION 
1.1 Background 
The economic and population growth in Asia are key drivers for a rapid urbanization and an 
increasing standard of living of the people. To secure a more sustainable growth of cities, it is 
necessary to manage the use of resources across sectorial boundaries. 

The German Agency for International Cooperation (GIZ) is conducting the project “Integrated 
Resource Management in Asian Cities – The Urban Nexus”, starting from 2013 over a period 
of 3 years. The Asian partners are provided with technical advice on urban planning and 
development approaches that include the interrelations and synergies of the sectors: water, 
energy and food security such as secure water supply and sanitation systems, energy security 
and efficiency, land use, physical planning and food security. Moreover, knowledge and 
experience sharing and cooperation between public, private and civil-society stakeholders is 
essential. Strategically, the project focuses on two core elements. On the one hand, it will be 
key to identifying and developing nexus initiatives that will demonstrate in an exemplary way 
how to integrate the nexus approach into urban planning and development processes. On the 
other hand, the regional exchange and dissemination of successful practical approaches to 
integrated resource management is undertaken through efficient networking. 

The GIZ Nexus team explored the vacuum sewerage system apt for flat terrain and high water 
level encompassing flexible routing and fluctuating usage. The GIZ Nexus, therefore, initiated 
vacuum sewerage technical training to improve the perspectives of sustainable wastewater 
management of the project’s partner cities. In February 2015, municipal officers from 
Tanjungpinang (Indonesia) attended the training in Bangkok with the objective of 
understanding the principle of vacuum sewerage technology and exploring opportunities for 
effective implementation of vacuum sewerage systems within local infrastructure.  

Tanjungpinang Municipality expressed their interest in the technology and requested the GIZ 
Nexus project to conduct a study on vacuum sewerage system in the coastal settlement of 
Senggarang. The key characteristic of this settlement is that a majority of the buildings are 
located on the sea on stilts, however, there has not been an establishment of a suitable sewer 
system yet. The study demonstrates potentials of the vacuum sewerage system for 
improvement of sanitation systems in the settlement. 
 
2. RATIONALE: PERFORMANCE, PROBLEMS, AND OPPORTUNITIES 
2.1 Tanjungpinang in general 
2.1.1 History 
Tanjungpinang, the name was derived from the position of land grown by a sort of tree called 
Pinang. Tanjungpinang was a gateway to Bintan River. Based on Sulalatus Salatin1, 
Tanjungpinang was a political center of the Malay Kingdom due to its strategic position of 
commercial activities. 500 years ago when the Portuguese won a battle against  a state of 
Malaysia called Malacca , the Sultan Mahmud of Malacca escaped to Tanjungpinang to 
establish this city as the center of government of the Sultanate of Malacca. Then it became 
the center of government of the Sultanate of Johor, before being taken over by the Dutch 
through weakening the power of Raja Haji Fisabilillah of Penyengat Island in 1784. During the 
Dutch colonial era, Tanjungpinang upgraded to an administrative center of the Dutch East 
Indies. At the beginning of the independence of Indonesia in 1945, it became the capital of 
Riau Islands. 

2.1.2 Geography 
Geographically, Tanjungpinang is situated on Bintan Island where the position is between 0° 
51 'North latitude up to 0° 59' North latitude and 104° 23 'East longitude up to 104° 34' East 
                                                           
1 Sulalatus Salatin is a work history of the rise, glory and fall time of the Malacca Sultanate, which was written by 
several authors in Malay.  
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longitude, with an area of approximately 239.5 km2 consisting of land area of 131.54 km2 and 
water area of 107.96 km2. 
Tanjungpinang is located at an altitude of 0-70 m. above sea level and has the characteristics 
of hills, plains, swamps and mangrove forests. The conditions of the soils here are classified 
as unsuitable for agriculture and plantations because of a red and yellow ground soil structure 
containing bauxite, an aluminium ore with high acidity. The soils also consist of granite, diorite 
and sandstone which formed rocky-hilly areas. 
2.1.3 Climate 
In general, Tanjungpinang has a wet tropical climate with a temperature of 18°C - 30°C, 85 
percent relative humidity and air pressure of 1010.2 - 1013.7 mbs. The average rainfall is 
271.5 mm/month. 

Located at the latitude of the Earth's Equator, there are 2 main seasons in the city, namely: 

 The dry season which starts from February to August 

 The rainy season which starts from September to January 

2.1.4 Government Administration 
Since 2012, Tanjungpinang consists of 4 sub districts, 18 urban villages, 167 village clusters, 
and 686 neighborhood institutions. The sub districts are Bukit Bestari, Tanjungpinang Timur, 
Tanjungpinang Kota, and Tanjungpinang Barat. 

Table 1: Areas, population, and population density in Tanjungpinang by Sub District, 2012 

 
Source: Dinas Kependudukan dan Pencatatan Sipil Kota Tanjungpinang, 2012 

The government center of Tanjungpinang which was originally located in the old city (the 
western part of the city), where there is a densely populated residential area in Tanjungpinang 
Kota moved to Senggarang (northern part of the city). The relocation was intended to 
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compensate for the development gap2 that most social and economic activities had been 
centered in the old city. 

The Government of Tanjungpinang consists of 2 groups of central civil servants working in the 
government of Tanjungpinang and local civil servant working in sub-district offices3. In 2012, 
the number of central civil servant was 1,296 persons and number of local civil servant was 
3,781 persons. 

2.1.5 Vision and mission 
The vision of Tanjungpinang is "a center of trade and industry services, tourism and Malay 
culture with physical and spiritual prosperity of religious communities by 2020". In order to 
achieve the success of the vision, the key mission of the Government of Tanjungpinang is to 
be a lead organization in providing services to communities and to improve quality of 
governance.  
2.1.6 Population  
The population of Tanjungpinang slightly decreased in 2012. According to the data of 
Disdukcapil in 2012, the total population of Tanjungpinang was 229,396, down by 0.43 percent 
compared to 2011. Each district has an uneven distribution of the population. The highest 
density is in Tanjungpinang Timur (999 inhabitants per km2).  
2.1.7 Education 
Aiming to create qualified human resources for the country, the Government of Indonesia 
obliges children to undertake 9-years of compulsory education which consist of 6 years at 
elementary level and 3 years in secondary level. In 2012, there were 75 elementary schools, 
29 junior high schools and 26 senior high schools in Tanjungpinang. 
2.1.8 Health 
Tanjungpinang provides easy access and low cost health facilities to people through 
Jamkesmas, an Indonesia's government-financed health coverage program. Based on the 
data from the Department of Health, there are 3 hospitals and 6 public health centers in the 
city. The number of the health facilities  still needs to be improved in order to provide better 
health services to the whole of Tanjungpinang. 
2.1.9 Religion 
Tanjungpinang consists of residents who embrace different religions, i.e. Islam, Buddhism, 
Protestantism and Catholicism. Muslims are the largest population (75 percent, in 2012), 
meanwhile the second largest majority are Buddhists (18 percent, in 2012). 
2.1.10 Language 
The language used in Tanjungpinang is a classic Malay. Malay dialect in the city is almost the 
same as the dialect which is used in Singapore and Malaysia. Since the first reign of the Riau-
Lingga Sultanate4, Tanjungpinang has become the center of Malay culture together with 
Singapore. Additionally, Teochew dialect and Hokkien are also widely used by Chinese in 
Tanjungpinang. 
2.1.11 Economy5 
Located between Batam Island, Bintan Island, Singapore, Malaysia, and Riau Province, often 
known as Indonesia–Malaysia–Singapore Growth Triangle (Sijori)6,  Tanjungpinang is clearly 
a very strategic place for a variety of economic activities. Tanjungpinang economy is mainly 
supported by tourism. 33 percent of residents in Tanjungpinang work in hotels and restaurants. 
This shows that tourism largely from Singapore is a vital sector for livelihoods. Construction 

                                                           
2 Development gap is the difference in levels of social well-being and economic development between 
geographical areas. 
3 http://id.wikipedia.org/wiki/Pegawai_negeri 
4 Riau-Lingga Sultanate is a Malay sultanate that existed between 1824 to 1911, before it was being dissolved 
following the Dutch intervention. 
5 Source: Tanjungpinang Dalam Angka 2012 
6 http://en.wikipedia.org/wiki/Indonesia%E2%80%93Malaysia%E2%80%93Singapore_Growth_Triangle 
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and transport contribute respectively by 19 percent and 17 percent. This is due to the high 
demand for housing and the increase of air transportation. It should be noted that bauxite 
mining that used to be a key sector contributing to the economy was terminated mostly in 2014 
because the Government of Indonesia issued a ban on raw mineral exports.7 So the 
entrepreneurs maximized bauxite mining in 2013.  
Average monthly expenditure per capita of the population in Tanjungpinang was IDR 
1,130,844 (EUR 79) in 2012. That consisted of IDR 328,163 (EUR 23) for the expenses of 
food items and IDR 802,681 (EUR 56) for non-food expenses8. 

The main transmission system operator is PT PLN Tanjungpinang, a state-owned enterprise. 
In 2012, electricity produced by PT PLN reached 305.533.938 KWh increased from previous 
year as of 277.507.685 KWh. 57 percent of the whole electricity consumption was from 
households, followed by 32 percent from the commercial sector. The remaining electricity is 
consumed by the industrial sector9. Nonetheless, power outages occur several times per day 
in Tanjungpinang as the demand is significantly higher than the production capacity.  A glass 
fiber cable is being installed under the sea from Batam to provide more electricity to 
Tanjungpinang. 

2.1.12 Water Supply 

PDAM Tirta Janggi is a state-owned enterprise managing urban water supplies and other 
water services in Tanjungpinang. Water production in 2012 reached 6.19 million m310.  

2.1.13 Transportation 
To connect Tanjungpinang with other islands, sea transport is a favorite choice both among 
local people and foreigners. Tanjungpinang has access to Malaysia and Singapore by ferry. 
There are 5 to 7 ferries per day working between Tanah Merah Ferry Terminal (TMFT) in 
Singapore and Sri Bentan Pura Sea Port in Tanjungpinang. In 2012 more than 900,000 people 
used the 2-way service of Sri Bentan Pura Sea Port11. 

Sea transport is the only path that connects Batam Island and Tanjungpinang. From Sri 
Bentan Pura Sea Port, it takes an hour to get to Lake Punggur Sea Port in Batam. The ferry 
leaves every 30 minutes. 

Air transportation has become an option for passengers to link with other provinces beside the 
ferries. The number of departure planes from Raja Haji Fisabilillah Airport in 2012 was 
approximately 1900 flights12. 

Land transport is convenient to use in Tanjungpinang through asphalt paved roads across 
Bintan Island. It will take less than half an hour by car from Raja Haji Fisabilillah Airport to the 
center of Tanjungpinang.  

 

                                                           
7 http://www.thejakartapost.com/news/2014/01/23/bauxite-miners-halt-operations-due-raw-ore-export-ban.html 
8 Source: Tanjungpinang Dalam Angka 2012 
9 Source: PT. PLN Cababang Tanjungpinan 
10 Source: Tanjungpinang Dalam Angka 2012 
11 Source: Tanjungpinang Dalam Angka 2012 
12 Source: Tanjungpinang Dalam Angka 2012 

http://en.wikipedia.org/wiki/Transmission_system_operator
http://en.wikipedia.org/wiki/State-owned_enterprise
http://en.wikipedia.org/wiki/State-owned_enterprise
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Map 1: City Master Plan of Tanjungpinang, 2012-2034
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2.2 Study Area: Senggarang  
Senggarang is a sub-district of Tanjungpinang Kota, located in a plateau area with an altitude 
of 0 to 4.6m. up to a height of 59.8 to 69m. Surrounded by sea, Senggarang has been assigned 
as strategic position for a new city center13. Under Law No. 5 of 2001 on the establishment of 
the Government of Tanjungpinang, Senggarang Administration consists of 7 RW and 16 RT 
with an area of 23 km214.  

Senggarang borders: 

- North:  Tembeling (Kecamatan Teluk Bintan Kabupaten Bintan) 
- South:  Sub Tanjungpinang Kota 
- West:  Kelurahan Penyengat 
- East:  Kelurahan Kampung Bugis 

 

2.2.1 Geography 
The geography in Tanjungpinang is almost entirely covered by sedimentary rocks consisting 
of claystone, sandstone and conglomerate. The surfaces of the rocks are generally weathering 
to form light-brown to reddish-brown or yellowish soil15. The land characteristics of 
Senggarang are plain, undulating and rocky with coarse sediments. The slope is less than 8 
percent. The clay texture and structure is greatly dense and compact, which increases the 
permeability and water-holding capacity. 

2.2.2 Government Administration 
The structure of the Senggarang Sub-district Office is as follows: 

 Headman: 1 person 
 Secretary: 1 person 
 Head of Development & Empowerment: 1 person 
 Head of Public Service and Social Welfare and Public Functional: 1 person 
 Head of Governance & Public Service: 1 person 
 Civil Servants: 5 persons 
 Contract Staff: 6 persons 

2.2.3 Vision and mission 
The vision of the Senggarang Sub-district Office is to be a leading organization in providing 
services to people with good governance, accountability, transparency and service minded. 

The key missions of the Sub-district Office are to:  

 Provide qualified basic services of public infrastructures 
 Build capacity in personnel and community institutions 
 Increase and empower active roles of communities 

2.2.4 Climate 
The climate in Senggarang is generally similar to Tanjungpinang Kota, as described below in 
accordance with the Table 2: Tanjungpinang weather record in 2014: 

 

                                                           
13 Rencana Tata Ruang Wilayah Kota Tanjungpinang, 2007 
14 PRPIBK Kelurahan Senggarang 2014 
15 RTRW Kota Tanjungpinang, 2014-2034 
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Description  Unit Maximum Minimum Average 
Air temperature ºC 33.7 22.4 27.0 
Air Pressure Mbs 1015.5 1004.4 1010.1 
Wind Velocity Knot 8 6 7 
Rainfall Mm - - 282.5 
Rainy Day Day - - 19 
Humidity % 100 45 85 

 

2.2.5 Land Use 
The majority of the inhabitants in Senggarang live in coastal areas and their residential 
buildings are located on the sea. The inland areas, where very few inhabitants live are 
predominantly vacant and undeveloped in the form of shrubs, swamps, forests, agricultural 
lands and lands after mining activities. However, on some of the land Government office 
buildings and public facilities were erected. 
 

 
Tanjungpinang Government Complex in Senggarang 

2.2.6 Population in Senggarang 
In 2013, there were 1284 households with 4254 inhabitants, mainly there was working 
population aged between 30-49 years old. The percentage of the total population of 
Senggarang was approximately 17.54 percent of Tanjungpinang Kota. The number of men 
was slightly higher than the female population. 

Table 3: Total population by age in Senggarang, 2013 

Age Sex Total 
Male Female 

0-4 145 164 309 
5-9 179 181 360 

10-14 195 173 368 
15-19 113 113 226 
20-24 124 109 233 
25-29 127 107 234 
30-34 133 160 293 
35-39 129 132 261 
40-44 180 203 383 
45-49 186 161 347 
50-54 135 117 252 
55-59 116 94 210 
60-64 141 114 255 
65-69 123 107 230 
70-74 127 103 230 
> 75 32 31 63 



8 
 

Total 2185 2069 4254 
Source: Profil Kel. Senggarang, 2013 

2.2.7 Education 
More than two thirds of the population in Senggarang have education, but dominated by 
elementary-education graduates (46.98 percent, 2013) as a result of the Government’s 
compulsory education. This means that most of the people here are literate. However, the 
remaining one third are mainly elders that have not attended school.    

Table 4: Total population by education level in Senggarang, 2013 

Education level Total Ratio (%) 
Elementary school 1940 46.98 
Junior high school 444 10.75 
Graduated high school  463 11.21 
One-year diploma 5 0.12 
Two-year diploma 5 0.12 
Three-year diploma 2 0.05 
Four-year diploma 13 0.31 
No school 1257 30.44 
Total 4129 100.00 

Source: Profil Kel. Senggarang, 2013 

2.2.8 Livelihood  
Located along the coastline, the main occupation in Senggarang is fishing (36.48 percent: all 
male). A large group of the inhabitants also work as laborers (33.20 percent), followed by 
salesmen (17.98 percent) and private employees (15.75 percent). Only 33 women here work 
outside the home.  

Table 5: Total population by livelihoods in Senggarang, 2013 

 Occupation Sex Total Ratio (%) 
Male Female 

Farmer 26 1 27 3.54 
Farm worker 1 0 1 0.13 
Labour 251 2 253 33.20 
Government employee 23 15 38 4.99 
Pitchman 133 4 137 17.98 
Breeder 4 0 4 0.52 
Fisherman 278 0 278 36.48 
Engineer 2 0 2 0.26 
Doctor 1 0 1 0.13 
Servant 0 10 10 1.31 
Military/police 10 1 11 1.44 
Retired military/police 3 0 3 0.39 
Treatment service 1 0 1 0.13 
Private employee 100 20 120 15.75 
Total 833 33 762 100.00 

Source: Profil Kel. Senggarang, 2013 
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2.2.9 Social and Cultural 
Senggarang, especially in the coastal settlements is inhabited by people from diverse ethnics 
i.e., Malay, Bugis, Javanese, and Chinese. The residents besides indigenous people are often  
migrants who stay in the area because of cheap housing rental. The migrants normally work 
in the downtown area, located 10-minute away by boat. 

Inter-religious tolerance is a key characteristic of Senggarang resulting in a harmonious 
society. The values of broadmindedness and togetherness are social capitals that benefit 
community development in Senggarang in terms of safety and social structure. However, the 
environmental degradation in the area demonstrates that the residents both indigenous people 
and migrants need to improve their level of environmental awareness. 

2.2.10 Religion 
More than half of the total population in Senggarang are Muslims. This is in line with the fact 
that Indonesia is the world's most populous Muslim-majority nation. Buddhists, mainly Chinese 
are almost one third of the total population as Senggarang was a gathering place for Chinese 
immigrants when they first arrived in Tanjungpinang in 173416. The remaining are Christians 
and Catholics17.  

Table 6: Total population by religion in Senggarang, 2013 

Religion Sex Total Ratio (%) 
Male Female 

Islam 1250 1205 2455 58.99 
Buddhism 696 714 1410 33.88 
Christian 92 67 159 3.82 
Catholic 91 47 138 3.32 
Hindu 0 0 0 0.00 
Confucius 0 0 0 0.00 
Total 2129 2033 4162 100.00 

Source: Profil Kel. Senggarang, 2013 

2.2.11 Facility 
Basic facilities in terms of education, outdoor sports, health and religious worships in 
Senggarang respond to the needs of the residents for improving their well-being.  

Table 7: Number of facilities in Senggarang, 2013 

Sports facilities Amount 
Badminton court 1 
Ping-Pong table 2 
Soccer field 1 
Volley field  1 

 
Education facilities Amount 
College 1 
High school 1 
Elementary school 3 

                                                           
16 Siew-Min Sai,Chang-Yau Hoon. Chinese Indonesians Reassessed: History, Religion and Belonging, 
Routledge  Publishers (Int.) Ltd. P 122  
17 http://www.enkicharity.com/the-difference-between-catholic-and-christian.html 
 

http://en.wikipedia.org/wiki/Chinese_people
http://www.enkicharity.com/the-difference-between-catholic-and-christian.html
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Kindergarten 1 
Play group 1 
Institute of religion 1 

 
Health Facilities Amount 
Health center 1 
Polyclinic 5 
Home-based physician 2 
Center for maternal and child health 2 
IHC 5 

 
Worship facilities Amount 
Mosque 3 
Surau 3 
Church 2 
Vihara 3 
Temple 10 

Source: Profil Kel. Senggarang, 2013 



11 
 

2.3 Existing Physical Considerations 
The satellite map below shows the study area in a coastal settlement of Senggarang. This 
coastal settlement is dense with irregular buildings constructed in low-qualified manners. 
Nevertheless, the newly built establishments are strong and solid. The provision of basic 
infrastructure is inadequate compared to the demand of the residents. Environmental 
degradation is obvious in this area especially in terms of sanitation (e.g., sewage, surface 
runoff, solid waste, etc.), affecting the urban visual and atmosphere of the settlement 
negatively.  

 
Map 2: Satellite map of Senggarang  

 
2.3.1 Sanitation facilities  
There is an average of one toilet per building in the settlement. . However, the types of the 
toilets are subject to their building’s location. The buildings that are located on shore away 
from the sea (refer to Map 2) have an option and opportunity of running an in-house toilet 
system with/without septic tank(s) depending on the status of household economy. The 
buildings on the sea have difficulties to install on-site wastewater disposal. Therefore, direct 
defecation into the sea has been a common practice in this area. Feces are released directly 
into the sea water for transport and eventual dilution onto the mudflat awaiting the tide to bring 
them away. Overhung latrine18- is commonly used in this area. It is a simple superstructure 
with a seat/squat toilet or floor hole built above the mudflat. To avoid wetness and bad odor of 
excretion, some buildings have separate structures for the latrine at the back. 

                                                           
18 http://www.sswm.info/category/implementation-tools/wastewater-treatment/hardware/user-interface/overhung-
latrine 
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2.3.2 Sewerage  
The Government of Indonesia initiated two small pilot sites of communal septic systems in the 
coastal settlement of Senggarang (as shown on Map 3). After using it for a short while, one of 
the systems kept breaking down. The community of this pilot site eventually rejected this on-
site sewerage disposal because the residents could not stand the bad odor from the 
malfunctioning system. The remaining system is still operating at present.  

Beside the two pilot sites, no sewerage and wastewater treatment system has been 
established in this coastal community. For the buildings on land, their grey water is disposed 
to secondary drainage channels or seeped into the ground without prior processing. 
Meanwhile, the black water is delivered to the septic tanks that are built out of brick or concrete 
and only consist of one chamber sometimes even without bottom. They are normally only 
cesspools. Even if they are built with a bottom, bricks and concrete crumble after 3-5 years 
with the consequence of fecal matters entering constantly into the soil and the groundwater.  
In this case the overflow is connected to the surface drainage channels. On the other hand, 
the buildings which are located on the sea discard both grey water and black water directly 
into the sea.  

 
Communal septic systems above the sea 
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2.3.3 Water supply 
The settlement has not been served by tap water due to the capacity constraints of the 
municipal water supply system. The main water source of the settlement is a spring in Sun Te 
Kong Temple, a 300-year old Chinese temple nearby the settlement. There is a water pipe 
network delivering water from the spring to the buildings. The owners of the buildings that 
have the pipe connection pay a minimum lump sum IDR 20,000 (EUR 1.4) per month. This 
pipeline cannot serve the buildings that are located far away from the spring because of the 
limited water pressure. Subsequently, these buildings pay for getting extra water from private 
distributors. Moreover, the spring cannot serve the settlement sufficiently during the dry 
season. Again, most of the residents need to buy extra water from private distributors at nearly 
IDR 30,000 (EUR 2.1) per month storing it in their water tanks throughout the period. More 
than half of the buildings in the settlement have fiberglass water tanks with an average storage 
capacity of 625 liter. 

The buildings that have no pipe connection use a community’s common well for their water 
consumption. Although the supply from the well is not convenient because there is no pipe 
from the well to the buildings. The consumers have to walk to collect and carry the water from 
the well back to their buildings. The quality of water is relatively good compared to the spring. 
Similar to the water pipe network, it is also difficult to obtain water from the wells during the 
dry season because the surface water and groundwater tend to dry up due to the lack of 
rainfall.    

       
Water pipeline to household        Community’s common well at parking area 

 
Extra water from private distributor delivered by boat 
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2.3.4 Types of buildings 
The coastal settlement of Senggarang is a historical residential area. It is composed mostly of 
houses with a few commercial businesses and public facilities. As a result of diverse ethnic 
groups in the settlement, there are various types of religious facilities.   

Worship facilities Amount 
Mosque 2 
Church 1 
Buddhist temple 5 
  

Commercial Amount 
Restaurant 4 
Coffee shop 2 
  

Health Facilities Amount 
Clinic 1 
Public bath 1 
  

Education Facilities Amount 
School 2 
Kindergarten 1 

Source: Profil Kel. Senggarang, 2013 

2.3.5 Structures of buildings 
Most of the buildings in the study area are single-story. The buildings were built out of wood 
originally. However, the ones that are located on the sea have replaced their foundations by 
concrete, which has a better resistance to the saltiness of the sea.  Only a few of the buildings 
on the sea (approximately 25) still keep wooden foundations (see Map 4). Roughly half of the 
buildings also changed their wide-plank wood floor to concrete with tiles above. In addition, a 
number of the buildings uses bricks/foamed concrete blocks for wall structures. Nowadays, all 
buildings under construction no longer use wood as construction material.  

     
   Corroded wood foundation   Concrete foundation 
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 Concrete floor with tiles above Wide-plank wood floor 

2.3.6 Walkway 
The existing buildings in the settlement are scattered and mostly located on the sea. 
Therefore, access to the buildings can only be by flyover walkways, which are called “Pelantar” 
locally. Most of the walkways were upgraded from wood to concrete. Their width is between 
1-3 m. which can be passed by two-wheeled vehicles. The conditions of the walkways are 
relatively good as a result of regular maintenance by the Municipality. Many buildings have 
small-flat bridges, mostly made of wood connecting with the main walkway in front of the 
house. The bridges were built and are owned by building owners.  

    
 Concrete flyover walkway Wood bridge 

2.3.7 Solid waste management 
There is no solid waste handling system of the settlement currently in place.. Tons of garbage 
are dumped on yards, empty lands, the mudflat and thrown into the sea. The open channels 
and drains are full of rubbish and plastic waste. In the sea, masses of plastic trash from the 
local communities as well as other regions due to the effects of wind and tide become one of 
the most serious pollution concerns in the settlement. As plastics are manufactured with a 
wide variety of additives, some of which may be toxic, and as plastics also act as sponges for 
persistent toxins that are already present in seawater, this is a real hazard. This pollution is 
harmful to marine animals as well as to food safety and human health. 

There was a trash pick-up service by a motorcycle in the community, however the service has 
been stopped after the motorcycle broke down since 2013. The Senggarang sub-district office 
recently received a budget for buying a new motorcycle for collecting waste. To provide an 
effective service sustainably, the sub-district government is now negotiating on how the 
community could contribute to the household waste collection program before starting the 
waste collection again. 
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Creek of waste dump at mudflat below houses 

2.3.8 Drainage  
The drainage network has been provided in the ground area of the settlement, but not in the 
area on sea. This drainage network has both tertiary channels that serve as collector ditches 
running from buildings and secondary channels that collect water from several tertiary 
channels and deliver to a trunk drain. However, the problem of the network is that tertiary and 
secondary channels are disconnected and do not serve effectively. As mentioned, lots of 
garbage in the body of the channels impede water flow rate. At some points of the settlement 
overflow occurs consequently. The types of drains consist of open channels and closed 
conduits, constructed by masonry and reinforced concrete. The channels are still in good 
condition although small parts have been damaged, especially in the tertiary drainage 
channels. 

 
Open concrete drain with household wastewater pipe connection 
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Map 3: Study area of coastal settlement of Senggarang: types of establishments  



18 
 

 
Map 4: Study area of coastal settlement of Senggarang: types of structures 
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2.4 Questionnaire survey results 

Tanjungpinang, Sanitary Survey,  
26.02-04.03.2015 

 

 
Coastal Settlement of Senggarang 

Establishments 
interviewed 299 
  
Residents living in the 
establishments 

1243 Average number of 
residents per 
establishment 

4 

Establishments that 
have septic tank(s) 

78 Number of septic tanks 80 

Establishments that 
have water tank(s) 

110 Average capacity of 
water tanks (liter) 

625 

Establishments that 
consume water through 
running pipe from 
temple 

242 Average monthly 
payment for water 
(IDR) 

23,988 

Establishments that pay 
for extra water during 
dry season 

45 Average monthly extra 
payment for dry 
season  (IDR) 

29,422 

Establishments that use 
water from pubic well 
only 

24   

      
Sanitary ware Total Per 

establis
hment 

Establishments 
affected by sanitation 
problems 

Total of 
surveye
d 
establis
hment 

Toilets 373 1 Bad odor 144 48% 
Showers 283 1 Health problems 

(e.g., diarrhea, cholera, 
etc) 

10 3% 

Hand wash basins 140 0 Mosquitos 125 40% 
Kitchen sinks 302 1 Rats 138 46% 
Washing machines 181 1 Cockroaches 63 21% 

 
As a first step, a sanitary survey has been conducted during 26 February – 4 March 2015 to 
analyze the existing situation related to wastewater & sanitation aspects in the selected study 
area. Students of the Universitas Maritim Raja Ali Haji were recruited to conduct interviews in 
Bahasa. The area of the coastal settlement of Senggarang is approximately 40,000 m2 with 
438 establishments. During the survey 299 establishments were interviewed, amounting to 68 
percent of the total establishments in the settlement. The remaining 32 percent not covered 
by the survey were abandoned buildings, buildings under construction and establishments 
where nobody could be reached.  

The results show that there are 1,243 residents living in the settlement with an average of 4 
people per establishment. Being a historical residential area, a majority of the establishments 
are residential buildings - 285 houses out of the total surveyed establishments.  
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The number of residents directly influences the quantity of wastewater produced in a 
community. The average water consumption rate for residents is calculated at 110 
liters/person/day19. In the settlement, each establishment has a sink in its kitchen and a set of 
sanitary ware including a toilet and shower in the bathroom. Consequently, the communities 
here produce more than 136,730 liters/day (136 m3) of grey water. In addition, there is typically 
also a washing machine per establishment.  Washing machines are one of the most water-
consuming appliances with 155 liters of water per load on average. These washing machines 
hence produce an additional significant amount of grey water.  Unfortunately, no appropriate 
sewerage collection and disposal system is provided in the settlement to collect any kind of 
wastewater. This huge amount of wastewater hence flows to the sea causing marine pollution. 

A majority of the establishments on land are using old septic tanks, made of bricks and 
concrete – up to 80 tanks altogether. As these old septic tanks in their great majority are 
neither constructed nor maintained properly, they leak fecal matters and bacteria to the ground 
water and the soil. There is a common well that 24 households with no water pipe connection 
use for external consumption. As located far away from the septic tanks, the quality of the 
water is relatively good compared to the water of the running pipe from the Chinese temple 
that most residents of the coastal settlement use in their everyday life.  

In terms of sanitation problems, the residents complained mainly on bad odor (48 percent), 
rats (46 percent), and mosquitos (40 percent). Some of them were affected by cockroaches, 
(21 percent). Only 3 percent of the residents say they have health problems related to the 
sanitation issues.  

 

                                                           
19 PRPIBK Kelurahan Senggarang 2014 
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Map 5: Study area of coastal settlement of Senggarang: locations of buildings where interviews took place 
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2.5 Analysis of key sanitary problems and opportunities  
The coastal settlement of Senggarang is a vital residential area of Tanjungpinang. Located 
near the city hall and the port of the city with many famous Chinese-Buddhist temples, this 
settlement has become a strategic location for various activities with high demand of tourists 
who mostly come from Singapore for praying at the temples. However, with more than 4,000 
people living there, the provision of basic infrastructure is still limited, especially sanitation and 
solid waste infrastructure. The lack of an appropriate sewerage system presents relevant 
problems with regard to the human and ecosystem in the settlement.  

Sanitation is a predominant concern of most coastal settlements. In the coastal settlement of 
Senggarang, the sea does not only serve as local dominant source of socioeconomic activities 
(e.g., fishery, transport, recreation, etc.), it is also the center of unhealthy sanitation practices. 
A large majority of the buildings on the sea in the settlement has no sewage facilities. Fecal 
waste containing bacteria, viruses and parasites are openly disposed into the aquatic 
ecosystems. When people eat food that has been irrigated with the contaminated water of the 
sea, these micro-organisms can infect people, who in turn will pollute the environment via their 
feces and/or urine. Although regular tidal washes keep the inshore area less filthy, some of 
the fecal wastes are still either floating on the sea or remaining on the mudflat. 

In the past, providing an effective sewerage system in coastal areas was difficult and costly 
due to topographical limitations (i.e., flat terrain, rocky surface, etc.) for conventional systems 
like gravity. However, there are currently affordable-alternative sewerage technologies to deal 
with these limitations.   

Being responsible to provide services to people, the City of Tanjungpinang would need to start 
establishing an appropriate infrastructure for sustainable wastewater management in the 
settlement in order to prevent the future costs of public health, environmental degradation and 
economic damage. 

3. THE NEXUS APPROACH  

The rapid urbanisation of the Asia-Pacific region entails the risk of widening gap between 
supply and demand, in particular for water and sanitation systems, energy, land use and food 
security. However, the majority of cities/municipal administrations and municipal utilities in 
Asia-Pacific continue to plan and manage along sectoral lines and within municipal 
boundaries, and rarely in a coordinated and integrative manner. Consequently they are not 
able to fully utilize the interaction and synergies between water, energy and food security and 
the potential co-benefits arising from integrated resource management and planning for cities 
and their regions. It is increasingly evident that the resource footprint of cities, as well as 
ecosystem boundaries, transcend administrative boundaries, calling for coordination across 
actors and institutions. The need for integrated planning requires a multi-disciplinary approach 
as well as effective and dynamic governance. 
The nexus approach aims at integrated planning and management processes of the key 
sectors of energy, water and food security, and this can contribute substantially to the long-
term sustainable development of rapidly growing cities and their regions. It is crucial, in this 
context, to involve municipal and regional actors and utilities towards more integrated planning 
and implementation of the nexus sectors.  

To respond to these needs, the Deutsche Gesellschaft für Internationale Zusammenarbeit 
(GIZ) GmbH and the United Nations Economic and Social Commission for Asia and the Pacific 
(ESCAP) are implementing the project “Integrated resource management in Asian Cities: the 
urban nexus”, financed by the German Federal Ministry of Economic Cooperation and 
Development (BMZ). The project supports ten cities in six countries, namely: China (Banan, 
Weifang, Rizhao), Indonesia (Pekanbaru, Tanjungpinang), Mongolia (Ulaanbaatar), 
Philippines (Santa Rosa, Naga City), Thailand (Chiang Mai, Korat) and Viet Nam (Da Nang).  
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Initially, the project is targeting the local level, by providing technical advice to municipal 
administrations/planning offices through international and national experts and by facilitating 
the establishment of Nexus Task Forces. The project oversees the design, planning and, 
where possible, implementation of practical nexus initiatives (with a focus on water, energy 
and/or food security) and at the same time seeks to feed the experiences gained at the local 
level into a national and regional dialogue and learning platform to achieve a pooling of 
knowledge and the potential for synergies in action. This will lay the foundation for a regional 
and national scaling-up of the nexus approach. In addition to mainstreaming nexus principles 
and know-how into the region’s institutions, stakeholders from municipal administrations, 
research institutes, networks and non-governmental organizations are supported with regard 
to human capacity development with a view to embedding new professional and management 
competences and capacities across these institutions. 

4. THE PROPOSED PROJECT - Vacuum sewer system 
4.1 Objective 

 The objective of this pilot project, proposed by Tanjungpinang to the GIZ Urban 
Nexus Project is to provide solutions for an appropriate sewerage system for 
sustainable wastewater management in the coastal settlement of Senggarang. 

  The vacuum wastewater collection system, not requiring a gravity slope of 2 % is the 
most effective solution for managing wastewater in the settlement predominantly on 
sea.. The system is completely sealed (no exfiltration) apt in particular for flat areas, 
high water table and little space for pipe laying. It moreover requires less construction 
time, hence less construction costs and reduced inconvenience for the residents. It is 
also considered as a “low-cost” technology in comparison to the gravity sewer system 
with less intervention (“minimal invasive intervention”).  

4.2 Overview  
Vacuum sewer is a mechanized system of wastewater transport. Unlike gravity flow, the 
system uses the differential air pressure between atmospheric pressure and a partial vacuum 
maintained in the sewer piping network to permit wastewater to be transported to a vacuum 
station (collection point). Depending on the terrain and local conditions, the differential 
pressure can allow a single vacuum station to collect wastewater from a big number of 
individual buildings (diameter of 4 km).  

The vacuum sewer system operates as follows: 

 Wastewater is drained from the building to a vacuum collection chamber by gravity. 
 The vacuum collection chambers serve as an interface between the gravity pipe from 

the buildings and the vacuum sewer network. 
 The wastewater is collected in the sump of the vacuum collection chamber. The 

wastewater is evacuated from the sump through a membrane vacuum valve and 
transported through the vacuum sewer network to the vacuum station. 

 At the vacuum station the wastewater is collected in the vacuum tank and then 
discharged via pressure pumps to its final destination (existing sewer, holding tanks 
or treatment plants). 
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Map 5: Study area of coastal settlement of Senggarang: Proposed vacuum sewer system
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4.2.1. Design standard 
As there is no design standard in Indonesia yet for vacuum sewer, the DIN EN 1091 Vacuum 
Sewerage Systems Outside Buildings (February 1997) and DWA-A 116-1E Special Sewerage 
Systems (Part 1: Vacuum Sewerage Systems Outside Buildings) (March 2005) could be 
translated, used and finally officially approved.20 
4.2.2. Comparison between vacuum sewer and septic tanks21  
In the following a systematic comparison of vacuum sewerage and the septic tank system is 
given  

VACUUM SEWERAGE SEPTIC TANK 

Completely tight, contained system – no risk of 
smell along houses and pipe network 

Open system – real smell nuisance 

No exfiltration possible – Protection of 
groundwater  

Pollution of groundwater – risk of infection 
exfiltration from septic tanks into the surrounding 
due to fissures and/or cracks in concrete – or 
brick walls 

Continuous aeration of the system – less gas is 
developed 

Anaerobic processes – gases are produced and 
must be vented (air-outlet with filter) 

System is still functioning when certain solids 
(napkins, food items, small toys, etc.) are 
contained in wastewater 

Sensitive system – foreign objects/solids are 
greatly reducing the efficiency of the septic tank 

High flow capacity and velocity – No fresh water 
required for flushing/ cleaning 

Excess load (when more people are in the house) 
could result in materials moving through the 
system too quickly to be decomposed  blocking 
may occur and cleaning becomes necessary  

Little space required for collection chamber Some cubic meters of space required close to 
each house 

Centralized maintenance at vacuum station only  De-central maintenance at every house 
necessary. Risk that professional maintenance 
cannot be guaranteed 

Full control of the flows and system Fully de-centralized control almost impossible (or 
at very high cost) 

No contact with effluents during maintenance Tank has to be opened when maintained – 
contact with effluents for maintenance personnel 

No maintenance needed for the collection 
chambers. Annual control only 

Tanks have to be cleaned and emptied frequently 
by vacuum cleaning system 

No dependence on external circumstances Purification effect varying – depending on many 
external circumstances 

No contamination of surroundings and/or 
groundwater combined laying of potable water 
pipe and vacuum sewer in one trench possible to 
save costs 

Direct contamination of surroundings and 
groundwater in case of overflowing (rainy 
season) 

Independence from gravity slope  Always slope between house outlet and septic 
tank required 

                                                           
20 No need to “reinvent the wheel”. 
21 The term “septic tank” is commonly used, however, it is not correct. The “septic tanks” described and meant 
here are cesspits with one chamber only normally without bottom, causing soil and ground water pollution. 
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4.2.3 Kitchen bio waste 
• Kitchen bio waste is processed alongside domestic 

wastewater. 

• The kitchen is equipped with an appliance for 
shredding kitchen waste.  

• Installed under the kitchen sink, adds shredded bio 
waste to the wastewater outflow. 

Main advantage of treating wastewater and kitchen 
waste together: 

• No hygienic problems or odors from waste 
containers  

• The organic kitchen waste substantially increases 
the biogas yield of the wastewater treatment plant 

• Higher volume of biogas 

RoeVac® Vacuum Sewer Systems  
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4.2.4 Energy consumption 

The energy consumption of a vacuum sewer system is relatively low compared to the energy 
consumption within conventional gravity sewer systems. The pumps require start off from the 
vacuum station and only pump after the under pressure in the pipes reaches –0.8 bar (every 
3-4 hours). Gravity sewer pumps have to pump continuously. 

In case of power outrage the vacuum collection system continues functioning for up to 3-4 
hours. However, it is assumed that power outrages are normally solved within the given time 
frame of 3-4 hours.  It is also possible to install a battery-backup which gives an additional 2-
3 hours service time. 

4.2.5 Location for vacuum station 

The required space for the location of the vacuum station is a maximum of 50 m2 of plot area 
ideally owned by Tanjungpinang Municipality in order to avoid lengthy negotiations with 
residents owning plots for the proposed location. It would be most recommendable to have it 
installed near to the pilot area for the time being. It would be designed to connect up to 1000 
households treating their wastewater including fecal matters (black water from the toilets and 
the grey water from the kitchens, showers and bathrooms).  
The vacuum station can be installed in a container hence being protected and at the same 
time mobile to be placed to other locations later on if so required in the framework of scaling 
up. 

As the area of Senggarang has no existing sewer line leading to the new municipal wastewater 
treatment plant constructed at Jalan Garet, the vacuum station has to be located in vehicle 
accessible area. The location can be the existing public parking area of the settlement so 
vacuum trucks can access to collect the sludge to be used for agriculture.   

4.2.6 Technology transfer 
To ensure the sustainability of the operation, Bilfinger Water Technologies GmbH in Germany 
will train the operating staff during the installation (“on-the-job”) of the system so that it would 
be able to operate the system. It is very easy to handle for staff who has already dealt with 
wastewater issues and requires no additional or special knowledge apart from the on-the-job 
training. Even remote control via mobile can be used for repair and maintenance detection. 
Only the valve-membranes would be changed every 5-6 years (EUR 15/piece). The rest of 
the equipment is available on the Indonesian market. The vacuum chambers are 
maintenance-free (there are no electrical connections in the chamber) and the vacuum station 
requires usual maintenance as for any other pump/electrical system used in conventional 
wastewater systems.  
4.3.      Cost calculation 

As part of the GIZ study in the coastal settlement of Senggarang, Tanjungpinang, a cost 
comparison between the vacuum sewer and gravity sewer collection system is not necessary 
because the gravity system is not able to function in the coastal area. 
Investment costs for the vacuum sewer system per Bilfinger’s technical specification amount 
to EUR 634,00022 and for the local supporting equipment per ARTHA ENVIROTAMA’s 
technical specification amount to EUR 1,106,49523.  
Therefore, the total investment cost is EUR 1,740,495. The cost is excluded any taxes, duties 
& government levies. 

                                                           
22 Annex 2: Technical and price proposal by Bilfinger 
23 Annex 2: Technical and price proposal by ARTHA ENVIROTAMA 
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ARTHA ENVIROTAMA, the official representative of Bilfinger in Indonesia will provide a 
warranty of one year after date of commissioning and support in supervision and installation. 
The provision of the valve-membranes and the maintenance of the vacuum sewer system 
after the warranty period will be guaranteed through a service-agreement between ARTHA 
ENVIROTAMA/Bilfinger and Tanjungpinang Municipality. 

 

5. TECHNICAL ASSISTANCE  

GIZ works primarily in the area of technical cooperation with a long history in integrated urban 
development. .  
GIZ support to Tanjungpinang Municipality concentrates on the following areas: 

 Household  survey in the coastal settlement of Senggarang 

 Feasibility study on vacuum sewerage system including cost calculation in cooperation 
with Bilfinger Water Technologies/Germany 

 Support in effort to mobilize funds for implementation 

 Project presentation to stakeholders 

 Staff training on vacuum sewerage system for operation, maintenance and repair 
works 

 Design standard issues (translation of EN 1091 from English to Bahasa) and support 
in certification of technology  

 Preparation of technical specifications  

 Advisory service including supervision of construction works  

 Awareness creation and advisory service for beneficiaries/users  

 Monitoring & evaluation, preparing upscaling  

 Analysis of composition of sludge (samples in vacuum tank)   

 Analysis of beneficiary/user satisfaction (household survey) 

 Selection and study of extension area for upscaling  

 Advisory service with regard to tariff regulations for wastewater  
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6. PROJECT BENEFITS, IMPACTS, AND RISKS 
The project area extends to about 40,000 m2 in the coastal settlement of Sengqarang, with 
over 4000 inhabitants.  There are high benefits and impact associated with the project as 
sanitary infrastructure is a social basic need (MDG) improving the quality of life.  

6.1 Potential economic benefits 
Located in the strategic coastal area, the Government of Tanjungpinang has a city 
development plan to stimulate viable activities in Senggarang, which will have positive impact 
on the economy of the whole city.  In addition, the coastal settlement of Senggarang is a high 
potential waterfront as a recreational resource for local people and tourists. To be ready for 
this growth, basic infrastructure development is required. The pilot project on vacuum 
sewerage is a necessary infrastructure improvement of the coastal settlement for protecting 
the coast from domestic wastewater that degrades marine ecosystem. The clean waterfront 
will create more income from tourism that would in turn impact on sustainable development of 
Senggarang. 
The project can receive revenues from bio solids, which are a nutrient-rich organic compost 
of collected domestic sewage in the vacuum vessel. These residuals can be recycled and 
applied as fertilizer to improve and maintain productive soils and stimulate plant growth. The 
process of bio solids should follow community-friendly practices and municipal regulations. 
The community friendly practices refer to the control of odor, traffic, noise, and dust as well as 
the management of nutrients. One of the main benefits of using sewage sludge as bio solids 
is that valuable plant nutrients are recycled from society back into the agricultural system.  
Farmers benefit through increased crop productivity. The Municipality benefits from the 
production of a saleable fertilizer product. In addition, if the pilot project installs a wastewater 
treatment system together with the vacuum station, the treated wastewater can be sold for 
irrigation purposes to agronomic lands nearby. 

In addition, since the bio solids have been used successfully at mine sites to establish 
ecological vegetation, they can also be applied to the mine sites which were largely operated 
in Tanjungpinang. Not only does the organic matter, inorganic matrix and nutrients present in 
the bio solids reduce the bioavailability of toxic substances often found in highly disturbed 
mine soils, but it also regenerates the soil layer24. This regeneration is very important for 
reclaiming abandoned mine sites with no topsoil.  

Sewerage tariff is an important factor to generate revenues to meet operation and 
maintenance costs plus revenues for reinvestment.  The costs for operation and maintenance 
of wastewater should be part of the costs and tariff for water provision. The amount of water 
consumed determines the amount of wastewater produced – at least for residential areas. 
Therefore an integrated tariff for water and wastewater based on consumption and cost 
covering principles is recommended. 

6.2 Social and Environmental Impact 
6.2.1 Social 
The main social impact shall be the improvement in the health and sanitary conditions of the 
population in the settlement. The pilot project will contribute to reducing health risks of 
waterborne disease outbreaks, especially for the poor households. The lack of sanitary means 
for disposing of human waste results in a high possibility that inhabitants are prone to feco-
oral infections transmitted by the consumption of contaminated food and drinks. The micro-
organisms that cause these infections are often found in the excreta of infected people or 

                                                           
24 http://water.epa.gov/polwaste/wastewater/treatment/biosolids/genqa.cfm 
 

http://water.epa.gov/polwaste/wastewater/treatment/biosolids/genqa.cfm
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animals, and surface water becomes contaminated from direct defecation by people who have 
no toilet25. Children are particularly exposed to infections when playing or bathing in the water.  

Although the coastal settlement of Sengarang is a combination of empowered communities, 
the level of environmental awareness needs to be improved significantly. Throughout the 
project planning and implementation, the residents will be better informed about sanitation 
issues, and improved operational performance will result from such awareness. By this, the 
establishment of the vacuum sewerage system will result in cleaner sea and an improved 
quality of life.   

6.2.2 Environment 
The project will have an evident impact on the environment by reducing sewage entering the 
sea. The pollution of coastal water in the project area is alleviated. Without the vacuum 
sewerage system, the direct discharge of raw sewage to the sea damages the environment to 
the detriment of the residents and visitors in the settlement. This degradation has negative 
effects on the residents’ ability to continue to enjoy the use of the coastline, and it could further 
weaken Senggarang’s tourist potential.  

Moreover, in the vacuum sewerage system there is no overflow to the storm water drainage.   
Therefore the low-lying communities near the coastal water will not be affected by the 
contaminated water that is discharged from the drain to the sea.  There is also no methane 
gas emission of the sludge to the environment causing global warming because of the 
completely tight, contained system of the vacuum sewerage. 

6.3 Risks 
The vacuum sewerage system is a new technology for Indonesia. Therefore, it requires an 
effective risk management in terms of initiation, financing, and execution of the project life 
cycle to sustain the project facilities and operation. The Government of Tanjungpinang and 
the coastal settlement of Senggarang can help monitoring the effectiveness of the project. 

6.3.1 Tariffs and affordability 
The first crucial risk is the financial sustainability of the project. The nature of public 
infrastructure like sewerage services is that only the investment costs are borne - However, 
the project still needs to get adequate financial returns on the investment in order to sustain 
the project functionally. This means any form of financial viability of the tariffs would have to 
be appropriately set to at least cover direct operation and maintenance costs plus salaries and 
wages. To establish a sewerage tariff regulation which has not been yet introduced in 
Tanjungpinang will require institutional reform and put the regulation into the city development 
agenda. The success of the project will depend upon the commit to the reforms by the local 
Government.  

6.3.2 Basic infrastructure 
In order to achieve success of the project, the improvement of basic infrastructure in 
Senggarang is required essentially. The integrated infrastructure development plan should be 
implemented for upgrading of the infrastructural facilities i.e., water supply system, electricity 
generation and power distribution network. For instance, a shortage of water has hit 
Senggarang during almost every dry season.  Likewise, Senggarang is experiencing severe 
power outage causing regular daily blackouts although there is an electricity network. 
Senggarang. The vacuum station requires electrical energy to create pressure in the system. 
The power outages can result in overflows. It is also possible to install a battery-backup or a 
standby generator which gives an additional 2-3 hour service time, but it will be costly 
compared to the electric power grid that is heavily subsidized by the government.  

                                                           
25 "Surface Water Drainage in Urban Areas," in Poor Die Young: Housing and Health in Third World Cities, eds., 
Sandy Cairncross, Jorge Hardoy, and David Satterthwaite, (London: Earthscan Publications, 1990). 
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Also, the new municipal wastewater treatment plant is located 13 km. away from the vacuum 
station and has no pipe connection. The only way to transport the sludge from the vacuum 
vessel is by sewer vacuum trucks. 

6.3.4 Operation and maintenance 
The operation and maintenance cost of the vacuum system depends on a number of 
mechanical elements in use and energy consumption. Life cycle replacement costs are 
expected to be taken into account. The system also requires technical involvement because 
there are various mechanical components throughout the service area.  Public education and 
knowledge transfer are necessary so the residents know how to deal with emergencies and 
how to avoid blockages or other maintenance problems associated with the systems. 

6.3.5 Public awareness 
The environmental degradation in the settlement such as pollution from untreated domestic 
sewage, solid waste disposal, etc. is exacerbated by the attitude of the residents who tend to 
be less concerned about the environment. Improved environmental consciousness and 
management in the settlement are necessary for the effective operation of the vacuum 
sewerage system. Therefore, the project needs to introduce an environmental awareness 
program as well as environmental regulation enforcement. These parallel activities can 
encourage the residents to be more responsible to the system and the society, which will solve 
environmental problems in the long run. The project also needs to focus on the participation 
of the residents from the planning stage to design and construction phase, so the project can 
respond to the needs and be utilized by the communities.  

6.3.6 Community expansion 
It can be argued that the fundamental source of problems in coastal settlements like 
Senggarang is the occupation of the sites that are considered an environmentally critical areas 
and are not appropriate for settlement planning. Such sites should be used as for maintaining 
shorelines and waterfronts. From an environmental point of view, the process of residential 
development in coastal areas involves a complex of potential ecological disturbances to 
coastal waters, due to construction activity and human occupancy. The degree of disturbance 
is increased by the density of development, closer proximity to the water, extensive 
modification of the shores cape, and the sensitivity of the ecosystem. The presence of the 
coastal settlement of Senggarang has posed negative impacts on the environment such as 
degradation of resources and water pollution. Although the project will improve the conditions 
of marine ecosystem by collecting the domestic wastewater that is normally discharged into 
the sea to an appropriate treatment process, the population and construction growths of the 
settlement has to be controlled and regulated to comply with the standard and capacity of the 
settlement area.  

6.3.7   Buildings in poor conditions 
Not all structures of the buildings in the settlement are suitable for connection to the vacuum 
sewer system. Some of the buildings use instable wood foundations and wide-
plank wood toilet’s floors, which may not qualify for the system installation.   

6.4 Replicability  
The replication of the vacuum sewerage technology has a prospect as sustainable sewerage 
solution for coastal settlements. The current stage is that no appropriate sewerage system 
has been provided in such settlements in Tanjungpinang. If the Local Government and the 
communities agree to prioritize the establishment of sanitation and wastewater facilities 
improving  the quality of water in their aquatic ecosystem and are willing to invest efforts and 
money in effective wastewater management systems, there will be huge market potential for 
the vacuum sewerage system in coastal areas. 

To disseminate information of sustainable wastewater management, the GIZ Urban Nexus 
Project has provided technical training for sharing knowledge, skills, and best practices in the 
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vacuum sewerage system with officers of Tanjungpinang Municipality, who will again provide 
peer learning groups to their colleagues. Representatives from Tanjungpinang Municipality 
will also share the experience of the study on the system with other city partners in the 
Regional Workshop on Integrated Resource Management in Asian Cities. The information will 
allow the partners to assess the potentials of the system in their city’s sewage development.  

The replication of a process that streamlines the institutional formation in the coastal 
wastewater sector has potential not only in Tanjungpinang, but also elsewhere in Indonesia, 
the world's largest archipelago. The success of the project can influence other coastal 
settlements in the country that share common concerns about marine pollution improving their 
domestic wastewater management through the vacuum sewerage system.  

7. CONCLUSIONS  

The vacuum sewerage system, which is independent from gravity slope is an apt technical 
solution to deal with the domestic wastewater collection of buildings on sea in the coastal area 
of Senggarang. The system can alleviate the degradation of the coastal water in the environs 
as well as the health risks associated with sanitation and hygiene related diseases by reducing 
domestic wastewater release to the sea. Consequently, the unpolluted coastline will bring back 
a picturesque seascape to Senggarang, which will contribute to the promotion of tourism.  
In terms of sustainable urban development an integrated management approach combining 
key factors such as health, environment, community, finance, security etc. has to be 
considered. The treated wastewater, for example, can be used additionally as irrigation water 
and the sewage sludge can be processed to bio solids for soil conditioning.  

The project can be implemented with the supports of a strong committed government, active 
participation of the communities, extensive public awareness and strategic communication to 
make the residents understand the importance of the sewer system and marine conservation. 
Concurrently, the success of the project is highly dependent on the mitigating measures to 
cope with the associated risks (e.g., inadequate infrastructure, lack of law enforcement, low 
level of environmental awareness, unsound business plan, etc.). It is therefore recommended 
that an integrated management approach mentioned above should be adopted to manage the 
project. 
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Annex 1: Public consultation, questions from residents  
Prior to the sanitary survey, there were three official public community consultations held on 
December 8, 2014, February 26 and 27, 2015 in the coastal settlement of Senggarang. The 
Tanjungpinang Municipality team explained about the sanitation problems in the settlement 
and presented the vacuum sewerage system as a solution to solve the problems of 
wastewater management. Then, GIZ Nexus team was introduced to the communities as a 
team to conduct a sanitary survey.  

Representatives of the communities expressed the following concerns: Some bathrooms use 
wide-plank wood floors, which have gaps between. In this case, how to collect grey water to 
a collection chamber.  

1. Does the installation of the vacuum sewer system affect the structures of the 
buildings on water? 

2. Some buildings on water use wood foundations, which need to be replaced 
occasionally. Does the replacement affect the conditions of the collection chambers 
and pipes that hanged with the floor of the buildings? 

3. Some households work in fishery sector. They will take out a lot of fish’s skins in 
basins daily. Do the fish’s skins clog the vacuum sewer?  

4. What happen if there is a leak from vacuum sewer?  
5. Where does the sewage go after the vacuum station? 
6. Does detergent in grey water affect bacteria in sewage treatment process?  
7. How long do the construction and installation take? 
8. How much does the vacuum sewerage system cost? 

     
Community Consultation at Yayasan Sosial Senggarang on 26 February 2015, approximately 70 
participants 

 
Community Consultation at Restoran Lumba-Lumba, Senggarang on 27 February 2015, 
approximately 30 participants  

http://www.microtack.com/html/natural_treatment05.htm
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Annex 2: Technical and price proposal by Bilfinger 
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Annex 3: Technical and price proposal by ARTHA ENVIROTAMA 
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Annex 4: DIN EN 1091 Vacuum Sewerage Systems Outside Buildings  

Special Edition DIN EN 1091/DWA-A 116-1 E - Vacuum Sewerage Systems Outside 
Buildings/Special Sewerage Systems Part 1: Vacuum Sewerage Systems Outside Buildings 
- April 2005. 

 English Version 
DIN EN 1091/DWA-A 116-1 E_English




















































































































