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About us 

LIRE is a non-profit organisation dedicated to the sustainable development of a self 

sufficient renewable energy sector in the Lao PDR. The institute offers agronomical, 

technological and socio-economic research services, and works to provide a free public 

resource of information and advice on the use of renewable energy technologies in 

Laos.  LIRE strives to support the development of the country by exploring commercially 

viable means to establish renewable energy technologies in rural parts of the country, in 

areas without connection to the national grid and with little access to technical expertise. 
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Introduction 

This pre-feasibility study aims to assess opportunities to provide solutions for wastewater treatment 

for the new Agriculture School, 20 km from Luang Prabang city centre. It aims to create a 

demonstration site for appropriate wastewater (WW) treatment and implementation of school 

based sanitation with health and hygiene education.  

The methodology involved a series of informal interviews with the project design and management 

team in order to gain a solid understanding of the proposed development. A field survey was also 

undertaken using GPS and photographs to document the school site. This information has been 

supplemented by architects drawings and a detailed topographic survey. 

School Based Sanitation  

School Based Sanitation (SBS) is a concept that has been designed to improve hygiene, health, 

dignity and basic sanitation in schools and colleges. It aims to improve privacy and security for 

students, whilst reducing the risk of infection from poor sanitation. SBS combines the construction 

of decentralized wastewater treatment system (DEWATS) hardware with set of integrated capacity 

building measures which aim to improve sanitation and hygiene conditions.  

During the DEWATS SBS implementation process, LIRE will operate with local partners to bring 

together the interests of each stakeholder (e.g. school maintenance body, municipality, target 

group) to construct sanitation facilities that meet the needs of the students. Education, evaluation 

and training programs complete the DEWATS SBS Service Package to ensure appropriate 

management, reliable maintenance and ultimately the sustainability of the SBS project. 

Key SBS features 

¶ Planning, financing, implementation and management of the project with participation of all 
stakeholders  

¶ The construction of a proper and inviting sanitation facilities with the provision of fresh 
water and toilets that meet hygienic requirements as well as gender segregation  

¶ The implementation of a decentralized, below ground, locally adapted wastewater 
treatment system, including the option for wastewater re-use and biogas generation 

¶ Health and Hygiene Education (HHE), Health Impact Assessment (HIA) and maintenance 
training for the preparation, implementation and management of proper School Based 
Sanitation  

Resulting benefits  

¶ Clean toilets and the provision of fresh water improve hygiene conditions, which leads to a 
significant reduction of health risk and infection. 

¶ Basic hygiene of students improves. 

¶ Hygiene lessons are transferred to the home, from students to parents. Initiating social 
dissemination of improved hygiene customs. 
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¶ The privacy, security and dignity of the students is ensured by the toilet facilities. As a 
consequence, absenteeism and dropout rates are expected to decrease, particularly 
amongst girls. 

Additional benefits 

¶ The biological treatment of wastewater to high environmental standards  

¶ LƳǇǊƻǾŜŘ ƭƛǾƛƴƎ ŎƻƴŘƛǘƛƻƴǎ ƛƴ ǘƘŜ ǎŎƘƻƻƭΩǎ ǎǳǊǊƻǳƴŘƛƴƎ ŀǊŜŀΦ  

¶ Biogas that occurs during wastewater treatment can be used for cooking in the canteen. 

¶ The surrounding agricultural land can be irrigated by the treated water from the DEWATS 
plant.  

Operation & maintenance training  
The benefits of DEWATS SBS can only be assured through permanent and attentive housekeeping. 

As such the DEWATS SBS Service Package integrates operation and maintenance training. It enables 

students or housekeeping staff to run the facility independently, this is crucial for its sustainability. 

Major maintenance, when required (e.g. De-sludging every two years), is delegated to professional 

organizations. Compulsory monitoring is carried out during the start-up phase and optional 

whenever there is concern that the system is not working correctly.  

A proven solution  
Today, BORDA and its BNS partner network, have already achieved the sustainable operation of 

more than 900 DEWATS plants, including the successful realization of over 30 SBS projects. This 

demonstrates that DEWATS School Based Sanitation is a proven and affordable solution to combat 

sanitation grievances at schools.  
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Summary of proposed technology 

DEWATS 
Decentralized Waste Water Treatment Systems (DEWATS) is a technology that can improve 

wastewater quality, generate carbon free electricity, provide a source of organic fertilizer and 

reduce atmospheric methane emissions. LIRE has been working with its partner INGO BORDA (The 

Bremen Overseas Research and Development Association) to introduce these waste water solutions 

to the Lao PDR. The proposed modular system of anaerobic and aerobic stages has been developed 

by BORDA over the last 30 years and can be adapted to treat a variety of wastewater sources and 

output requirements. 

The system is reliable, inexpensive to maintain and can treat wastewater to a high standard. The 

systems are based on four basic technical treatment modules, combined according to demand and 

illustrated in Figure 1. 

1. Primary treatment: sedimentation and floatation 
2. Secondary anaerobic treatment in fixed-bed reactors: baffled upstream reactors or 

anaerobic filters 
3. Tertiary aerobic treatment in sub-surface flow filters 
4. Tertiary aerobic treatment in polishing ponds 
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Figure 1: Full and Basic DEWAT system 
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DEWATS can be individually adapted to different effluents, topographic conditions and the 

preferences and capabilities of users. A power supply is not required if sufficient slope for 

gravitational flow through the system can be found. 

Key Benefits  

¶ Reduces pollutants by up to 90% 

¶ Low primary investment  

¶ Minimal operation and maintenance costs 

¶ Reliable, modular and sustainable design built with local materials 

¶ Minimal land requirements 

¶ No external energy inputs required and can produce energy using a biogas digester 

¶ Building awareness of environmental and sanitation issues amongst students 
 

DEWATS has been successfully applied to housing settlements, schools, organic home-industries as 

well as hotels, hospitals, animal husbandries, slaughter houses and municipal sewage treatment 

plant. 

Anaerobic Digestion (Biogas) 
Anaerobic digestion (AD) is a process whereby volatile wet wastes of high degradability are broken 

down by bacteria in the absence of air creating the following: 

¶ Biogas, a mixture of methane, carbon dioxide and other trace gasses. The methane fraction 
is a clean fuel that can then be used in a variety of ways. Most commonly it is used onsite 
with little treatment to power a generator to create electricity. Gas can also be used to 
directly power stoves and lights, to heat water and to heat pigsties. 

¶ Water, clean enough to be safely discharged to a watercourse, used for irrigation or for 
cleaning livestock buildings. 

¶ Nutrients and fibre, which can be sold to agriculture as a balanced organic fertilizer.  
 

The process is illustrated in Figure 2. 
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Figure 2: Illustration of the anaerobic digestion process 

Biogas can be used by stoves, special rice cookers, lamps to warm piglets and by electricity 

generators, all illustrated in Figure 3. 

 

Figure 3: Biogas powered equipment 

Benefits of Domestic Biogas 

Domestic biogas digesters, that produce a combustible fuel gas from manure, can offer an 

alternative to firewood for smallholder farmers. A typical household can meet its cooking needs with 

the biogas produced from a small number of livestock, providing the animals are kept in stables for a 

significant portion of each day. The digester additionally produces fertilizer as a by-product, which is 

also a valuable commodity for the end user. With no movable parts, the systems require relatively 

little maintenance, and brick and mortar digesters have a proven lifetime of around twenty years. In 

brief, the benefits of domestic biogas include: 

¶ Clean, safe and convenient cooking 

¶ Time savings  

¶ Cost savings by replacing LPG, fire wood or charcoal  

¶ Improved health due to less smoke inhalation 

¶ Improved domestic sanitation 

¶ A supply of free organic fertilizer to boost crop yields 
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The Proposed Development 

Initial Design 
The survey was initially undertaken to assess the feasibility of three separate DEWATS systems. 

Separate systems were deemed necessary given the distance between the sites of waste production. 

1. One system for the existing buildings and for one new teaching block for 300 students  

And 

2. One system for two new dormitories each housing 64 students, and a canteen with a 

maximum capacity of 80 people. 

And 

3. A system to treat the waste from a small livestock unit. 

Revised Design 
However, following discussion with the project design team a smaller revised scheme has been 

developed due to budgetary constraints. 

1. A system treating two dormitories (128 people, 16 toilets) and the canteen (80 people, two 

toilets) 

Or 

2. A system treating just one dormitory (64 people, 8 toilets) 

And 

3. A small, robust biogas plant to act as a demonstration project for treating agricultural waste 

and utilising biogas.  

Figure 4 illustrates the proposed location of the dormitories, canteen and preliminary site for 

DEWATS. 
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Figure 4: Proposed Dormitory and DEWATS locations 
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Potential DEWATS options 
Three wastewater treatment options are proposed, varying in cost, sophistication and water 

treatment standard: 

a) Complete DEWATS: Bio-digester, settler, anaerobic baffled reactor and anaerobic fixed bed 
reactor, horizontal gravel filter and indicator pond. 

b) Simple DEWATS: Settler, anaerobic baffled reactor and anaerobic fixed bed reactor 
c) Basic septic tank with leach field 
 

hǇǘƛƻƴǎ ΨŀΦΩ ŀƴŘ ΨōΦΩ ŀǊŜ ǎƘƻǿƴ ƛƴ CƛƎǳǊe 1. 

Table 1 shows the water treatment options for two dormitories and the canteen. The table shows 

how the three systems vary in cost, land requirement and water treatment standard.  

Table 1: Water treatment systems for two dormitories and canteen 

Description 
a) Complete 

DEWATS 
b) Simple DEWATS 

c) Septic tank+ 

Leach Field 

Volume of WW to be treated (m3/day) 14 14 14 

COD input* (mg/l) 632 632 632 

BOD input* (mg/l) 372 372 372 

COD output (mg/l) 79 87 158 

BOD output (mg/l) 26 35 88 

COD Removal 88% 85% 75% 

Land Required (m2) 100 60 270 

Cost Estimate (LAK)** 160,000,000 130,000,000 90,000,000 

Cost Estimate (USD)** 18,900 15,300 10,650 

Notes: 
* Based on experiences and evaluation of DEWATS plant in Indonesia. 
** Excluding pipe connection and tax. 
Waste water volume calculations are shown in Appendix 1. 

 

Alternatively a smaller scale operation can be used which will require lower capital cost whilst 

maintaining high water treatment standards and the DEWATS technology for demonstration 

purposes. Table 3 shows the costs and land requirement of water treatment options for one 

dormitory with the recommended option highlighted. 
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Table 2: Water treatment systems for one dormitory and canteen 

Description 
a) Complete 

DEWATS 
b) Simple DEWATS 

c) Shared Septic 

tank+ Leach Field 

Volume of WW will be treated (m3/day) 6 6 6 

COD input* (mg/l) 632 632 632 

BOD input* (mg/l) 372 372 372 

COD output (mg/l) 79 87 158 

BOD output (mg/l) 26 35 88 

COD Removal 88% 85% 75% 

Land Required (m2) 75 50 135 

Cost Estimate (LAK)** 90,000,000 60,000,000 50,000,000 

Cost Estimate (USD)** 10,650 7,100 5,900 

Notes: 
* Based on experiences and evaluation of DEWATS plant in Indonesia. 
** Excluding pipe connection and tax. 
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Table 3 contrasts the costs and benefits of each system. 

Table 3: The costs and benefits of different water treatment options 

Full DEWATS system  

Plus Minus 

Wastewater is treated to a high standard More operation and maintenance activities required; checking 

control boxes, flow check and DEWATS Plant 

Pollution of water and soil on the school site is avoided A lot manholes/control boxes for intersection 

Direct treatment from sources High investment cost 

Gas produced from digester can utilized for school or kitchen 

activities 

  

High value for education and training purposes  

  

Simple DEWATS System ( Settler, ABR, AF, HGF ) 

Plus Minus 

Wastewater is treated More operation and maintenance activities; checking control 

boxes, flow check and DEWATS Plant 

Pollution of water and soil on the school site is avoided Manholes/control boxes required at intersections 

Direct treatment form sources.  

Small land space required   

  

Shared Septic tank + Leach field 

Plus Minus 

Pollution of water and soil on the school site is avoided Large land space required depend on volume of waste water will be 

absorbed to the soil. 

Direct treatment form sources. Wastewater is treated to a lower standard 

Simple operation and maintenance  

Low capital cost   

 

Biogas generated by complete DEWAT systems 

Table 4 shows the volume of biogas expected to be produced by the different scale complete 

DEWATS systems. The very small volume of gas produced by Option 2 makes the simple DEWATS 
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system (which does not include a biogas digester) the best choice if the small-scale operation is 

chosen. Biogas could be utilised in the canteen or in the proposed student kitchens. 

Table 4: Biogas generation for DEWATS 

 Option 1 Option 2  

Toilet Water from Dorm 20 20 Litres/student/day 

Students 128 64  

Total Toilet Water from Dorm 2560 1280 Litres/day 

Water from canteen 25 25 Litres/student/day 

Students 80 0  

Total Water from canteen 2000 0 Litres/day 

Total black water generation 4560 1280 Litres/day 

Retention Time 2 2 Days 

Digester Capacity 9120 2560 Litres 

Gas Factor 20% 20%   

Gas Produced 1.8 0.5 m3 per day 

Liters of kerosene equivalent 1.1 0.3 litres per day 
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Livestock biogas digester 
A small-scale locally constructed biogas digester is proposed for the livestock operation at the 

college. This will serve to demonstrate the benefits of anaerobic digestion. Approximate figures for 

this proposal are set out in Table 5. 

Table 5: Proposed Livestock biogas digester 

Number of pigs 30 Pigs 

Waste water produced 50 litres/day/pig 

Retention time 10 days 

Through flow  15,000  litres/day 

Required Digester Volume 15 m3 

Diameter 4 m 

Gas production 3 m3/day 

Litres of kerosene equivalent 1.1 litres/day 

Land requirement 35 m2 

Approximate cost  40,000,000  (LAK)** 

Approximate cost  4,600  (USD)** 
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Appendix 1 ToR 

ToR - Pre-Feasibility Study on Wastewater Management & 

School Based Sanitation, Luang Prabang 
 

BACKGROUND 

The trip is based on gained information of: 

Cooperation between SURAFCO and LIRE and the objectives to improve the Agriculture School, 20 

km from Luang Prabang city centre 

Opportunities to provide solutions for wastewater (WW) treatment at school and implementation of 

school based sanitation/health & hygiene education 

 

OBJECTIVES 

The objectives of the trip are: 

To gain all related data  

To understand the existing situation and analyze the information 

To provide options for wastewater management 

To provide proposed activities on school based sanitation 

 

OUTPUTS 

Expected outputs from the trip: 

Facts, numbers and related data is gathered 

Able to offer options for WW treatment and activities related to health & hygiene 

 

METHODOLOGY 

Photo-takings 

Database collection (GPS, measurements, sketching) 

WW survey/questionnaire 
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Interviews 

Feasibility Study form 

Site Survey 

 

EQUIPMENT NEEDED 

Camera 

Meter ( 5 m and 50 m) 

GPS 

Notebook, pen 

 

TIME AND LOCATION   

Date : November 2009 

Staff : Ki & Simon 
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DETAILED ACTIVITIES 

 

Main Activities Remarks 

WASTEWATER TREATMENT 

Feasibility Studies FS Form CBS 

FS Form Animal Husbandry 

Data collection ς School number of students and teachers (person) 

number of toilets/bathrooms (unit) 

number of dormitories (unit) 

ǎŎƘƻƻƭΩǎ ƻǇŜǊŀǘƛƻƴ ǘƛƳŜ ό ƘƻǳǊǎκŘŀȅ ŀƴŘ ΦΦ ŀƳ - .. pm) 

ǎŎƘƻƻƭǎΩ ǇŜŀƪ ƘƻǳǊ ƻŦ ǘƻƛƭŜǘκōŀǘƘǊƻƻƳ ǳǎŀƎe (hours/day) 

area/space (m2) available for DEWATS location (..m x ..m) 

existing septic tanks and capacity (m3) 

existing engineering-drawings if available 

number of stove exists in kitchen (unit) 

total time to cook the food (hours/day) 

electricity bill (LAK/month) or amount of fire-wood used for cooking 

(kg/month and LAK/month) 

Data collection ς Pig 

Stable 

number of pigs (pig) 

volume of water usage to clean the stable (m3/day) 

distance from pig stable to available area of DEWATS (m) 

amount of pig-foods cooked daily (kg/day) 

amount of fire-wood used for cooking pig-foods (kg/month and LAK/month) 

dimension of pond/existing treatment area for pig-dung ( ..m x .. m) 

Lay out sketch school area with list of building 
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location of toilets and or any existing septic tanks (distance from available 

area) 

location of pig stable (distance from available area) 

location of kitchen (distance from available area) 

existing drainage or open sewer 

topographic analysis / sketch of water-flow direction gravitationally 

Site Analysis analyze possible area which can connect wastewater pipelines from toilets 

and kitchen 

analyze possible area for shared septic tank or separated WWTP; if 

impossible to combine all wastewater from sources 

analyze possible area based on gravity/level and slope 

analyze potential Biogas usage (eg, for cooking, lamp, etc) 

SCHOOL BASED SANITATION 

Information collection students behavior in defecating 

students behavior in washing hands 

ƴǳƳōŜǊ ƻŦ ŜȄƛǎǘƛƴƎ άǿŀǎǘŀŦŜƭέ ƻǊ ǿŀǎƘƛƴƎ ōŀǎƛƴǎ 

school committee (structure and function) 

Site Analysis any existing environmental program 

in-house management (cleaning, maintenance, etc) 

any health-related issues 

ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǎǘǳŘŜƴǘǎΩ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ǎŀƴƛǘŀǘƛƻƴ ƛǎǎǳŜǎ 
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Appendix 2: Waste water generation calculations. 
Table 6: Predicted water use by students in dormitories 

Water use l/student/day 

Drinking 10 

Washing 25 

Cooking 10 

Toilet 20 

Shower 30 

Total 95 

 

Table 7: Predicted WW generation for Option 1 

Dormitory   

Number of students 128   

WW produced  95 l/day/student 

Proportion water to drain 80%  

WW produced  9728 l/day 

   

Canteen   

Number of students 80   

WW produced  25 l/day/student 

WW produced  2000 l/day 

   

Total WW generation 11728 litres per day 

Total WW generation 11.7 m3 per day 

Size DEWATS to  14 m3 per day 
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Table 8: Predicted WW generation for Option 2 

Dormitory   

Number of students 64   

WW produced  95 l/day/student 

Proportion water to drain 80%  

WW produced  4864 l/day 

Size DEWATS to  6 m3 per day 

 

  


