
12 
04

12
05

now 12
06

12
09

12
14

rainwater harvesting • water purifi cation • water re-use • composting • power generation 
UNSW DESIGN STUDIO - BANGUN : A CREATIVE RESPONSE TO DISASTER IN SUMATRA

timeline

sustainable micro-infrastructure

• adam long • jan ly • isabelle pfaeffl i • 
 

infrastruktur mikro yang berkelanjutan



12 
04

12
05

now 12
06

12
09

12
14

rainwater harvesting • water purification • water re-use • composting • power generation 
UNSW DESIGN STUDIO - BANGUN : A CREATIVE RESPONSE TO DISASTER IN SUMATRA

timeline

contents

 Introduction│pendahuluan  

 Rainwater harvesting│penuaian air hujan

 Water filtration system│sistem penyaringan air

 Water re-use:

 Greywater reedbed system│sistem penanganan reedbed

 Wastewater gardens│sistem air keruh alternatif

 Hybrid toilet system│sistem toilet hibrid

 Composting:

 Waterless composting toilet system│sistem toilet pembuat 

kompos kering

 BiPu toilet system│sistem toilet BiPu

 Household compost│pembuatan kompos rumah tangga

 Power generation:

 Solar power generation│sistem pembangkit listrik solar

 Alternative hybrid power generation│sistem pembangkit 

tenaga listrik hibrid alternatif

 Biogas digester│sistem pencerna biogas

 Solar cooker│kompor solar

...4•1

...4•2

...4•3

...4•4

...4•5

...4•6

...4•7

...4•8

...4•9

...4•10

...4•11

...4•12

...4•13

• adam long • jan ly • isabelle pfaeffli • 
 



12 
04

12
05

now 12
06

12
09

12
14

rainwater harvesting • water purification • water re-use • composting • power generation 
UNSW DESIGN STUDIO - BANGUN : A CREATIVE RESPONSE TO DISASTER IN SUMATRA

timeline

introduction

BANGUN: Infrastruktur Mikro Yang Berkelanjutan4.1.1

│objectives│
The aim of this booklet is to aid in the selection of 
suitable systems for the post-tsunami redevelopment 
of Banda Aceh. This is achieved through the provision 
of basic information on the system, including its use, 
installation and management.

│what is sustainable micro-infrastructure?│
Sustainable micro-infrastructure is the environmentally 
sound small-scale provision of infrastructure and 
services. These include sun, wind, water and biofuel 
based systems for energy and power generation, 
and ecologically productive water supply and waste 
treatment methods. The infrastructure systems shown 
in this booklet are mostly aimed at the household scale 
with the aim of providing self-sufficient services. The 
advantages of these decentralised approaches is that 
they can be developed relatively quickly and easily. 
Once they are established, used and maintained 
correctly, they ensure the ongoing supply of these 
services, overcoming unreliable and expensive 
solutions of the past.

│performance criteria│
The performance criteria we have considered in 
analysing these systems are:
• Availability: we have acknowledged whether 

the materials are available locally, or if they 
need importing. Any contacts we have given 
are suggestions of places to look for further 
information. 

│Tujuan│
Tujuan dari buku ini adalah untuk membantu 
dalam proses pemilihan sistem yang sesuai untuk 
pembangunan Banda Aceh pasca bencana Tsunami. 
Hal ini dicapai melalui penyediaan informasi dasar, 
termasuk kegunaan, pemasangan (instalasi) dan 
manajemen dari sistem tersebut. 

│Apa Yang Dimaksud Dengan Infrastruktur Mikro 
Yang Berkelanjutan?│
Sustainable Micro-Infrastructure (Infrastruktur Mikro 
Yang Berkelanjutan) adalah penyediaan infrastruktur 
dan sarana/pelayanan skala kecil yang ramah 
lingkungan. Hal ini termasuk pendayagunaan matahari, 
angin, air dan sistem-sistem dengan bahan bakar bio 
(biofuel) sebagai pembangkit tenaga listrik/energi, dan 
juga metode-metode pengadaan air dan pengolahan 
limbah yang produktif secara ekologis. Sebagian besar 
dari sistem-sistem infrastruktur yang disebutkan dalam 
buku ini ditujukan untuk skala rumah tangga dengan 
harapan dapat memberikan layanan yang lengkap 
dan mandiri. Salah satu keuntungan dari pendekatan 
non-sentral ini adalah sistem-sistem tersebut dapat 
dikembangkan secara relatif lebih efisien dan mudah. 
Begitu dibangun, digunakan dan dikelola secara benar, 
sistem-sistem tersebut akan menjamin pengadaan 
pelayanan yang berkelanjutan dan pada saat yang 
sama menggantikan solusi-solusi terdahulu yang mahal 
dan kurang dapat diandalkan.

│Kriteria Prestasi/Performa (Performance Criteria)│
Kami telah mempertimbangkan beberapa hal dalam 
menganalisa sistem-sistem ini:

• Availability - Persediaan Material: kami 
mencantumkan bilamana material (bahan 
mentah) telah tersedia di daerah yang dituju 
atau butuh diimpor. Bersama dengan ini, kami 
juga menyarankan beberapa tempat untuk 
informasi lebih lanjut.

pendahuluan
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• Cultural Acceptability - Penerimaan Secara 
Kulturil: Bagaimana kebudayaan sehari-hari, 
kebiasaan, dan faktor-faktor kebudayaan lain 
dapat mempengaruhi penggunaan sistem-
sistem tersebut.

• Ease of Installation - Kemudahan Pemasangan: 
Apakah keahlian yang diperlukan untuk 
pemasangan sistem tersebut telah tersedia?

• Maintenance - Pemeliharaan: Jenis dan 
frekuensi pemeliharaan yang diperlukan oleh 
sistem tersebut.

• Costs – Biaya: Apakah biayanya dapat 
disanggupi? Apa saja factor-faktor biaya yang 
lain?

│Ruang Lingkup│
Kami tidak mendesain, membangun atau menguji 
sistem-sistem yang disebutkan dalam buku ini. Peranan 
kami hanyalah untuk menganalisa dan mengevaluasi 
sistem-sistem yang ada, berdasarkan kriteria performa 
di atas, dalam rangka memberikan rujukan dalam 
pemilihan sistem yang sesuai.
Sebagian besar dari sistem-sistem ini memerlukan 
masukan/saran dari para ahli pada saat pemasangan. 
Kami menyarankan penggunaan buku ini sebagai 
panduan, dan meminta saran para ahli pada saat 
pemasangan sistem.

│Catatan untuk NGOs (Organisasi-Organisasi Non-
Pemerintah)│
Beberapa sistem yang disebutkan dalam buku ini 
memerlukan masukan awal berupa biaya, pelatihan, 
keahlian dan bantuan, akan tetapi, begitu sistem 
tersebut telah dipasang, lazimnya biayanya akan 
rendah dan mudah untuk dipelihara.
Tingkat kecermatan yang kami berikan diutamakan 
kepada penyediaan pendahuluan untuk sistem-sistem 
yang memungkinkan, walaupun demikian, detil-detil 
yang kami berikan belum cukup untuk digunakan 
sebagai panduan dalam pemasangan sistem-sistem ini. 

│Catatan untuk Kepala Desa/ Pemimpin Daerah│
Beberapa sistem dalam buku ini ditujukan untuk 
memberikan informasi kepada Organisasi-organisasi 
non-pemerintah (NGO). Beberapa dari sistem tersebut 
mudah dibangun dan dapat segera dimulai dengan 
sumber daya local. Sistem-sistem ini juga bisa 

• Cultural acceptability: How  do daily habits, typical 
practices, and other cultural factors may affect the 
use of the systems in question?.

• Ease of installation: Are the skills are required to 
install the system readily available?

• Maintenance: what type and frequency of 
maintenance does the system demand?

• Costs: is the cost range affordable? What are other 
possible cost factors?

│scope│
The systems shown in this booklet are not designed, 
developed or tested by us. Our input has been to 
analyse and evaluate the available systems, according 
to our performance criteria, to guide the selection of an 
appropriate system.
Most of these systems need some level of expert 
advice during their installation. We recommend using 
this booklet as a guideline, and seeking expert advice 
when installing the system.

│notes to NGO’s│
Some of the systems shown in this booklet require an 
initial input of funds, training, expertise and support, 
however, once the system is set up, they are usually 
low cost and easy to maintain. 
The level of detail we have given is aimed at providing 
an introduction to the possible systems, however, it is 
generally insufficient detail to guide the installation of 
these systems.
We hope this is a helpful resource.

│notes to village heads│
Some of the systems in this booklet are aimed at 
providing information to NGOs. Some of the systems 
are easy to create, and can be started immediately with 
local resources and labour. These systems can usually 
also be adapted to local conditions, so the shown 
recommendations can be modified. If you need more 
information on a particular system, try the contacts 
listed. 
We hope this is a helpful resource.

pendahuluan
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│system overview│
The collection of rainwater makes use of a readily available source of fresh 
water. The storage of this water provides a local renewable resource.

│information + context│
To calculate the appropriate size for 
the tank you need to know:

•The roof area
•The annual rainfall
•The daily usage requirement

Average daily yield (Litres)
 = Area (m2) x rainfall (mm) 
 365 (days)  

The aim in sizing the tank is to have 
enough water in storage to last until 
the next rainfall (and a bit extra). As 
Indonesia is a tropical, monsoonal 

climate, it has a fairly high and 
consistent rainfall throughout the 
year1. To calculate enough storage 
capacity for 1 week of water is 
probably a reasonable minimum.

│installation│
Concrete watertanks are 
constructed on site. The formwork 
is prepared, the reinforcing is laid, 
and then the concrete is poured 
and cured. Concrete tanks have a 
larger storage capacity, so perhaps 
one watertank shared between 5-
10 houses, would be enough. (See 
section 2 – Village Planning, for 
more ideas).

Metal and Plastic watertanks are 
brought to the site and placed 
on the designated stand. A large 
truck is needed for transporting the 
watertank.
All systems are connected to the 
roof via the downpipe and gutters.

1 www.bbc.co.uk shows the climatic data for 
Medan. Medan has an average rainfall of 
170mm/ month, and has an average of 12 
wet days/ month.

WATER STORAGE TANK

OVERFLOW PIPE

WATER OUTLET

TANK BASE 
must support a tank 
full of water

MESH SCREEN

WATER SUPPLY PIPE

DOWN PIPE

GUTTER

LEAF GUARDROOF

FACIA BOARD

FLOATING BALL

FIRST FLUSH WATER 
DIVERTER

BALL STOPPER

SMALL PIPE OUTLET

REMOVABLE COVER

PUMP

roof area x average rainfall 
= tank size

filters out leaves, and is a 
mosquito guard

slopes slightly towards down pipe. 
fixed with clips to facia board

prevents leaves from 
entering the tank

water collection 
area, sheet metal, 
tile, or thatch

collects first flush 
of rainfall, which 
contains the most 
dirt and debris

seals the first flush diverter 
when it is full, enabling the 
water to flow to the tank

releases the water slowly 
to reset the diverter for 
the next rainfall

to clean out any 
collected debris

needed to supply adequate pressure to 
appliances within the house

a pump is optional, except for buried tanks, or 
when pressure is needed

(gravity fed system)

to house

water storage tank system

(kitchen, laundry, bathroom)
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Use/Component Material Advantages Disadvantages

Collection Area 
(roof) Sheet metal

Good collection surface,
Easy to clean

Tile As above

 Thatch  
Less water harvest, and needs more 
filtration.

Gutters and Pipes Sheet metal
 Plastic   

Storage Concrete

Large size, local skills
Single tank can service village 
groups Needs a water pump

Sheet metal Can be gravity fed, or use a pump
Availability,
Corrosion

Plastic Light weight, Transportable 

Oil Drums
Re-usable container, 
Can be used in series Harder to waterproof, Limited size

Ceramic Urns locally produced limited size

Tank Stand Timber  Lightweight, fast to construct
Timber may weather quickly in 
tropical climate

Concrete Strong and durable

Can’t be moved
Height required under tap for 
collection.

Masonry Can be built up to adequate height.
Filter Mesh Galvanised steel gauze is preferable, as it does not rust. Any other mesh is fine, although 

will deteriorate quickly in the wet environment.
Mosquito Mesh Fine gauze, to keep out mosquitos. 

│maintenance│
Rainwater tanks are fairly low maintenance. The main objective is to keep dirt 
from contaminating the stored water. The combination of the gutter guard, the 
first flush diverter, and the mesh screen should keep the water fairly clean. 
These will need cleaning out every 3-4 months. The water outlet should also be 
placed a few inches above the bottom of the tank, to avoid the sediment layer.

│tools/skills│
If the rainwater tank is connected 
to appliances in the kitchen or 
bathroom, then a plumber may 
be needed. The watertank can be 
installed first, and then the plumber 
can connect the water supply 
afterwards.
For a gravity fed watertank (a tank 
without a pump):
• Create the base, or tank stand
• Have the tank delivered
• With a group of people, place the 
tank on the base
• Connect the gutter and down pipe 
to the watertank (see diagram)

│things to consider│
The roof is the collection area and 
needs a gutter to carry the water 
to the watertank for storage. The 
down pipe should be at the lowest 
point of the gutter, so the water 
will naturally flow towards it. The 
watertank should be located as 
close to the down pipe as possible. 
This reduces the amount of pipes 
needed.

│contacts + sources│

http://www.worldclimate.com
http://aceh.bps.go.id/
http://www.greenhouse.gov.au/
yourhome/
http://www.sydneywater.com.au

│materials│
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TANKI PENYIMPANAN AIR

PIPA OVERFLOW/BANJIR

KERAN AIR

DASAR TANKI
harus dapat menahan 
tanki penuh air

SARINGAN

PIPA PENYALUR AIR

PIPA

TALANG AIR

PENYARING DAUNATAP

PAPAN FACIA

BOLA APUNG

PENGALIR AIR 
PERTAMA

PENAHAN BOLA

 LUBANG PIPA KECIL

PENUTUP YANG DAPAT DILEPAS

POMPA

luas atao x curah hujan 
arat-rata= ukuran tanki

menyaring dedaunan dan 
melindungi dari nyamuk

miring sedikit kea rah pipa, ditahan 
dengan jepitan ke papan facia

mencegah agar daun 
tidak masuk ke tanki

tempat 
pengumpulan air, 
lembaran logam, 

ubin/genting, atau 
atap lalang

mengumpulkan 
curahan hujan 
pertama yang 
mengandung 
paling banyak 
tanah dan puing

menutup pengalir air jika 
penuh sehingga air dapat 
mengalir ke tanki

membuang air secara perlahan 
supaya pengalir air dapat diisi lagi 
saat hujan berikutnya

untuk membuang puing-puing 
yang terkumpul

diperlukan untuk memompa 
ke alat-alat di rumah

pompa boleh tidak digunakan, kecuali untuk tanki 
dalam tanah atau dimana tekanan dibutuhkan

sistem yang menggunakan 
daya gravitasi

ke rumah

sistem tanki penyimpanan air

(kitchen, laundry, bathroom)

│ikhtisar/garis besar sistem│
Pengumpulan air hujan mempergunakan air tawar yang telah tersedia. Penyimpanan air ini 
menghasilkan sumber daya lokal yang didaur ulang. 

│informasi dan konteks│
Untuk menentukan ukuran yang sesuai 
untuk tankinya, anda perlu mengetahui:

• Luas atap/bagian atas
• Curah hujan tahunan
• Keperluan pemakaian harian

Rata-rata harian (Liter)
= Luas (m²) x curah hujan (mm)
   ----------------------------------------
                    365 (hari)

Tujuan dari pengukuran tanki ini adalah 
supaya air yang disimpan mencukupi 
sampai dengan musim hujan berikutnya 
(dan sedikit lebih). Indonesia memiliki 

iklim musim tropis, yang berarti memiliki 
curah hujan yang tinggi dan konsisten 
sepanjang tahun1. Penghitungan untuk 
kapasitas penyimpanan air 1 minggu 
sudah mencukupi.

│instalasi│
Tanki air beton dibangun di tempat. 
Kerangkanya disiapkan, penguat 
dipasang lalu semennya dituang 
dan dikeringkan. Tanki-tanki beton 
mempunyai kapasitas yang lebih besar, 
jadi satu tanki air dapat dipakai untuk 
5-10 rumah (lihat bagian 2 – Village 
Planning (Perencanaan Desa), untuk ide-
ide lain).

Tanki air dari logam dan plastik 
didatangkan ke tempat tersebut 
dan diletakkan di tempat yang telah 
disediakan. Untuk memindahkan tanki 
air ini, diperlukan mobil truk yang besar. 
Semua sistem terhubung dengan atap 
lewat pipa  dan talang air. 

1 www.bbc.co.uk menjelaskan data iklim 
untuk Medan. Medan memiliki curah hujan 
rata-rata 170mm/bulan dan rata-rata 12 hari 
hujan/bulan. 
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│materials│

│perawatan│
Tanki air hujan sangat mudah perawatannya. Tujuan utamanya adalah untuk mencegah 
kotoran mengkontaminasi air yang disimpan. Kombinasi dari talang air, pengalir air pertama 
dan saringan akan menjaga kebersihan air. Ini perlu dibersihkan setiap 3-4 bulan. Keran air 

│alat-alat / keahlian│
Jika tanki air hujan ini akan dihubungkan 
ke alat-alat di dapur atau kamar mandi, 
maka tukang ledeng akan diperlukan. 
Tanki air dapat dipasang terlebih 
dahulu lalu tukang ledeng dapat 
menghubungkannya nanti. 
Untuk tanki air yang menggunakan daya 
gravitasi (tanki tanpa pompa):

• Buat dasarnya, atau tempat 
tanki

• Tanki didatangkan

• Dengan bantuan beberapa 
orang, tempatkan tanki di 
dasarnya

• Hubungkan talang dan pipa ke 
tanki air

│hal-hal yang perlu dipertimbangkan│
Atap adalah tempat pengumpulan air dan 
memerlukan talang air untuk mengalirkan 
air ke tanki air untuk penyimpanan. Pipa 
harus dipasang di titik terendah talang, 
sehingga airnya mengalir secara alami 

ke pipa tersebut. Tanki airnya harus 
diletakkan sedekat mungkin dengan 
pipa. Ini akan mengurangi jumlah pipa 
yang diperlukan.

│Kotak dan Sumber│
http://www.worldclimate.com
http://aceh.bps.go.id/
http://www.greenhouse.gov.au/
yourhome/
http://www.sydneywater.com.au

Kegunaan/Komponen Material Keuntungan Kerugian
Tempat Pengumpulan
 (atap)

Lembaran Logam Permukaan bagus untuk 
pengumpulan, mudah dibersihkan

Ubin/Genting -sda-

Atap Lalang Air lebih sedikit dan memerlukan 
banyak  penyaringan

Talang dan Pipa Lembaran logam
Plastik

Penyimpanan Beton Ukuran besar, tenaga lokal 
Satu tanki cukup untuk beberapa 
kelompok desa

Perlu pompa air, Persediaan

Lembaran logam Dapat menggunakan daya gravitasi 
atau pompa

Korosi

Plastik Ringan, Dapat dipindahkan, 
Kontainer dapat digunakan lagi

Drum Minyak Dapat digunakan secara berangkai Sulit untuk dibuat kedap air, 
ukuran terbatas

Tempayan keramik Diproduksi secara lokal

Tempat Tanki Kayu Ringan, dapat dibangun dengan 
cepat

Kayu cepat lapuk di daerah 
beriklim tropis

Beton Kuat dan tahan lama Tidak dapat dipindahkan 
Ketinggian keran yang diperlukan

Bebatuan Dapat dibangun sesuai ketinggian 

Saringan Kasa baja yang digalbani sangat dianjurkan, karena tidak berkarat. Kasa lain juga dapat 
digunakan walaupun cepat rusak di lingkungan yang basah. 

Jala Nyamuk Kasa kecil, supaya nyamuk tidak masuk
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water filtration systems
sand - solar pasteurisation - settling tanks - first flush systems 

│application│
- The filters presented here will provide 
clean drinking water from rivers and 
tanks. These filters will remove bacteria, 
viruses and other foreign objects. Where 
chemical contamination is suspected, 
(such as where factories exist near 
rivers) water should NOT be drunk until 
properly tested for safety. 
- Immediately following disasters, all 
water should be BOILED before drinking, 
to remove disease causing agents. 
- For more information on sourcing clean 
water, refer to the Rainwater Harvesting 
section of this manual.
- Filtering systems presented here do not 
require chemical input, high amounts of 
electricity or regular maintenance. 

│sand filters│
- Sand filters can use locally available 
fine grade sand. As in the picture, water 
slowly passes from an immediate collec-
tion tank into the sand filter at a consis-
tent rate. A biological layer develops in 
the top levels of the sand which filters 
out pathogens and bacteria. This takes 
about a week to become effective, during 
which time another filter or water source 
should be used (such as boiling all water 
then allowing cooling before use). The 
sand filters efficiency can be improved by 
including ordinary charcoal or ‘charged 
charcoal’, a material that attracts chemi-
cals out of the water, and which can be 
imported. Depending on the tank design, 
sand may require cleaning periodically.
- Rapid sand filtration works by a similar 
process, however the water flow is UP 
through the sand. This tank requires less 
maintenance – the filter can be cleaned 
simply by reversing the flow of water by 
releasing some through a drainpipe. 

│solar pasteurisation│
Solar pasteurisation is highly effective, 
and can be incorporated with solar water 
heating methods. In this process water 
is heated to 75º for 15 minutes or 55 º 
for a few hours. This can be done by 
passing the water through half blacked 

pipes, or by keeping the water stored 
in half blacked bottles on the roof of a 
building, as in the diagram. The solar 
pasteurisation can be supplemented by 
the use of a heating element, powered 
from the household electricity (solar or 
otherwise).  

clean Fine Sand

perforated pipe

flat stone

water

rocks

water

from water source

outlet

coarse sand
30mm

plug
metal grill
rocks

NGO

4

4

4

slow sand filter

rapid sand filter
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│settling tanks│
Settling tanks used by partitions are 
another effective method for removing 
larger particles and debris from the water 
supply. Setting up as few as one partition 
in a tank allows heavier dirt and debris 
to fall to the bottom of the tank, where 
periodically it can be removed. The re-
maining water can be filtered as per other 
approaches

│first flush filter│
An alternative to settling tanks is the 
first flush filter system, developed by a 
German company. Fitted to the downpipe 
(connecting the roof supply to the tank), 
the filter removes debris and filters the 
water simultaneously. This filter might not 
be appropriate due to cost and availability.

│maintenance |
Maintenance is required for filtering 
systems, which periodically (such as 
annually) need to be cleaned and have 
debris removed from them. With slow 
sand filters, time must be allowed after 
cleaning for the system to return to full 
efficiency while the biological layer forms 
again. During this time water should be 
filtered separately.

│contacts |
The following can be contacted for 
more information on the topics dis-
cussed here.

Ministry of the Environemnt
http://www.menlh.go.id/

Interim Technology
http://www.itdg.org
ITDGPractical Action Sri Lanka
5 Lionel Edirisinghe Mawatha
Kirulapone
Colombo 5
Sri Lanka 
telephone: +00 94 11 2829 412
e-mail:  itdg@itdg.slt.lk  

water filtration systems
sand - solar pasteurisation - settling tanks - first flush systems 

sunlight

clear side of bottle 
facing sun

half blackened bottle

Rainwater

clean water

remaining water/dirt

solar pasteurisation

first flush filter

International Rainwater Catchment 
Systems Association (IRCSA), Dept. of 
Natural
Resources, Chinese Cultural University, 
Hwa Kang, Yang Min Shan, Taipei, 
Taiwan.
Email ufab0043@ms5hinet.net. Contact 
, Prof. Andrew Lo
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