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Executive Summary 

This report is designed to give a theoretical plan for improving villager livelihoods living in 

Chaom Trach, a rural Cambodian village of approximately 100 households that are suffering 

from poverty. RAWimpact is the key factor that has been influencing this village and looks to 

stop child trafficking within Cambodia, beginning at the household level. The original goals of 

the report were to design a house and energy system for the village within a $2000 and $20000 

budget respectively. The use of the Sustainable Livelihoods framework helps identify where the 

issues lie within Chaom Trach and what strategies can be used to improve the lives of villagers. 

A survey was conducted on the villagers to see which needs they identified as the most 

important and compared them to RAWimpact’s own needs assessment of the village. 

 

 A culturally acceptable house has been designed around a “choose your own adventure” idea 

which enables the family the house is being built for to choose additional aspects to be 

incorporated into their house, such as an attached animal shelter, a downstairs workshop or 

wider steps for a learning space. This gives a sense of uniqueness to the house and allocates 

space for new economies ideas to come to fruition. The base house design is under $2000 and 

incorporates a separate closed sleeping area and open cooking area upstairs while making 

downstairs usable for other everyday activities. The house has rainwater collection, weather 

protection and adequate lighting and ventilation.  

 

The energy needs of the village have been addressed by using Cambodia-based Kamworks 

Moonlight solar lanterns that can also recharge phones and have battery replacement 

collection methods put in place by the company. These lights will replace the car battery and 

fluorescents or kerosene lamps that households have at an affordable rate, which will reduce 

health hazards and global warming from burning fossil fuels. The cook stoves will be replaced 

with more efficient and user-friendly Neang Kongrey stoves that use wood for fuel. Other 

things such as a solar system for the school and biodigesters are investigated. Water collection, 

storage and purification a key issue in Chaom Trach and is investigated in this report as well. 

 

The scope of this report is extended through the ideas of new economies, a centralized 

governing structure and community banking system are planned out through studious decision 

making and research in an attempt to make the entire report’s worth of ideas tie together and 

work as one. A detailed implementation plan is used to give an idea of how these ideas and 

techniques can be used within the village. 

 

Finally, it is emphasised that this proposal would ideally be iterated again with a much higher 

level of community engagement that included the Chaom Trach community in the process of 

creating vision and action plans.  This kind of involvement is critical in building ownership and 

long term sustainability for a project. On this note, the implementation model for this project 

places strong emphasis on developing strong organisational and financial mechanisms within 

the community, so that the capacity exists within Chaom Trach to direct and manage its own 

resilient future. 
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1 Project Goals and Objectives  

 Vision Statement  1.1
We envision a world where people can live in more meaningful terms of equality, with a belief in 

their own capacity and a respect for others and the environment.  

 Mission Statement  1.2
‘Choose your own adventure’  

To provide a service that enables communities to develop their own visions, resilient capacity, take 

control over their livelihood, and be the change they want to see in the world. 

 Project Goals and Objectives  1.3
This brief began with RAWimpact’s challenge to tackle big picture problems such as child trafficking, 

by addressing the small picture: housing and energy access. The security of a functioning house gives 

so much more than a home; it is a step up to improving the quality of health, education and 

wellbeing of the family within. The relationship between energy and poverty also cannot be 

understated. Access to electricity can provide access to new forms of economy, health, education 

and communication. Working with the people of Chaom Trach and RAWimpact this project aims to 

utilise AU$2000 housing and AU$20 000 energy budgets to facilitate the structures needed to 

improve community livelihood.  Significantly, the goal has also broadened to provide an even 

stronger development model for implementing similar projects in the future. Objectives include: 

 To facilitate community dialogue on resilient pathways towards development 

 To offer as technical consultants a series of potential flexible and sustainable solutions 

that may be used to enable community vision for development. Such solutions must 

remain appropriate to the environment and community needs and vision.  

 To remain mindful of the link between infrastructure and institutions when considering 

implementation models and capacity development.  

 To assist in strengthening institutional structures that allow individuals and the 

community as a whole to operate equitably, take meaningful ownership of their 

livelihoods and develop their own capacity.  
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 Development Approach and Framework  1.4
RAWimpact’s practice has been based on a ‘hand up’ development model. Strategies for improving 

livelihoods are based on the goals and needs identified and developed within the community. 

Capacity building is central to RAWimpact.  By providing the basic infrastructure of a new home, the 

intent is that families have better means to lift themselves out of poverty and vulnerability to 

trafficking and access the lifestyle they want. 

Our development model has been influenced by the principles identified by RAWimpact, but 

extended to implicitly and explicitly incorporate additional development frameworks, theory and 

operating organisations.  

 The Sustainable Livelihoods Framework was used to examine the various issues surround 

poverty, analysing the relationship between existing community assets, the institutions 

surrounding them, and strategies to improved livelihood.   

 Using a Five Pillar Sustainability framework to develop a resilient and self-sufficient 

community, with dwelling and energy projects sustainable into the near, medium and long 

term future. 

 Capacity Development; defined as the development of skills/knowledge/structures required 

for people/communities to command and organise their own present/future livelihoods 

resiliently. 

 Use of appropriate technology in the approach.  

 A mindfulness of development literature including Amartya Sen1 and Elinor Ostrom2  

 The influence from other development organisations such as Empower Projects and 

Bushlight India have influenced the process of this project, in particular, implementation 

methods used for  empowerment and facilitating vision.  

The combination of these approaches was deemed appropriate, versatile and comprehensive. 

Together they aim to expose and explain the complexities at play in this project brief. 

  

                                                           
1 Amartya Sen won the Novel Prize for his work advocating that the achievement of development is dependent 

on the free agency of people, in the form of five freedoms: political freedom, economic facilities, social 

opportunities, transparency and protective security.  

2
 Elinor Ostrom won the Nobel Memorial Prize for her work on the role of collective action and cooperation in 

governing collective pool resources.  
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2 Background  

 Big Picture: Cambodia  2.1

2.1.1 Geography and Climate  

Chaom Trach is situated in the centre of Cambodia in the Southern region of the Kampong Thom 

province about 126 km drive NE of Phnom Penh. The surrounding land is mostly farmland with small 

water bodies normally attributed to a tropical climate.  

Figure 1 shows the annual wind rose for Phnom Penh (a major city close to Chaom Trach). Average 

wind speeds are low, with 6.6 mph being equivalent to about 2.8 m/s.3  

Figure 2 shows a graph of potential resources for sustainability, namely solar power, wind power and 

rainwater use. Solar irradiation is high, proving suitable for solar power. Precipitation is high in the 

wet season and low in the dry season as expected (as also shown in Figure 3). Low precipitation may 

result in water shortages in the dry season and high precipitation causes flooding in the wet season.  

 

Figure 1 Annual Wind Rose 

                                                           
3
 This was a deciding factor in choosing not to suggest any wind energy converters for energy production. 
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Figure 2 Potential Resources for Sustainability (NASA, 2013) 

 

Figure 3 Cambodian Climograph (Collaborative Future Cambodia, 2013) 

There is cloud cover throughout the year with 34% during the dry season and 62% during the wet 

(Weatherspark, 2013). The relative humidity normally ranges between 48% and 96% with a 

minimum of 36% and max of 100%. The temperatures range between 23°C to 35°C and rarely goes 

below 21°C or above 36°C. The wet season is very stormy with strong winds mostly from the West 

and South West while the dry season is arid with calmer Northerly winds. 
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2.1.2 Socio-Political Context 

Modern history in Cambodia has seen a series of occupations under the French and Japanese, and 

proximity and subsequent involvement in the second Indochina War. 1975 marked Year Zero, and 

the instatement of the Khmer Rouge regime, seeing all nationals forcibly relocated to the 

countryside in pursuit of the complete agrarian reform of the country. Religion was banned, other 

freedoms restricted, and anyone who posed as a threat to the regime such as the educated and the 

foreign were executed. Thousands died from disease and starvation. In total 20% of the population 

were killed over four years, before Vietnamese invasion in 1978 seeing continued conflict until a 

peace agreement in 1991.  Cambodia is now a constitutional monarchy with a single dominant party, 

the Cambodian People’s Party (BBC, 2013). This turbulent history has led almost none unaffected, 

and likely has had an influence on the degree of social capital of Cambodians, in some ways 

decreasing trust, but in other ways strengthening community bonds in the face of adversity.  

Insofar as the modern day relationship between politicians and the peasantry, ineffective policies 

and corruption keep old wounds open. Relations between the state, the rural population and the 

markets remain in an ‘institutional crisis’ (Diepart, 2010, p. 338) where policies fail to recognise the  

utility and dynamism in peasant contribution to rural development and the market based system for 

land ownership inhibits growth. Certain rights permit the management of forestry and more detail 

on the value of facilitating community driven development in the land sector for both the state and 

village communities is detailed in Section 0.  

There are 2,465 non-governmental organisations (NGO) registered in Cambodia, one of the highest 

rates of NGOs per nation. This presence was critical in the rebuilding process and is relied on in the 

combat against poverty, trafficking, HIV AIDS, land mines and mental health. While initiatives to 

reduce dependency on NGOs are growing, their presence in the Cambodian development landscape 

looks likely to remain in the medium term (Gillet, 2013).  

2.1.3 Culture  

The Cambodian ethnic groups are made up of:  

 90% Khmer  1% Chinese 

 5% Vietnamese  4% other ethnic group. 

Khmer is the primary and official language with 95% of the population speaking the language, with 

the rest speaking French and English. According to a 1998 census, the majority of Cambodians are 

Buddhist (96.4%), with the rest being Muslim (2.1%), Christians, atheists, or animists (Central 

Intelligence Agency, 2013). Buddhism is the official religion and it has strong influence on the 

Cambodian way of life, and so are ancient traditions. 

Per ancient traditions, there are several rules regarding the design of the house: 

 The house has to face East, believed to be the direction of happiness  

 The house must not face a temple4 

                                                           
4 If a temple was in the East, it is not clear which rule would take precedence, i.e. whether the house 

would face East or whether the house would not face the temple but in doing so also not face East. 

Perhaps houses are simply not built west of any temples. 
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 Main door, stairs and water ponds must NOT face South or West 

 Kitchen should not be located at the South and East of the house according to ancient 

rituals. 

 Stairs must have odd number of steps 

 The houses are usually not painted, especially not white since it is the colour of 

mourning  

 Main roof beam and pillars of new houses are wrapped in glittering metal bands that 

invite good spirits to protect the house. 

Though nowadays, people are starting to abandon these rules and just face the house to the main 

road for convenience (Kwintessential Ltd., 2012).  

Throughout Cambodia, there are several Khmer house styles (Cambodia-picturetour.com, 2011): 

 Khmer House  Rong or Kantaing House 

 Rong Dol House  Rong Doeung House 

 Peth House  

Although there are different styles, a common feature among them is that they are raised 0.4 – 1.5 

m from the ground on stilts to anticipate flooding in the wet season (Cambodia-picturetour.com, 

2011). Stone, brick and tiles can only be afforded mostly by nobles and the very rich as construction 

material. Traders and the wealthier ones build wooden or tile structures while the poor uses 

materials such as bamboo, wood and leaves to build huts called Khtom (Cambodia-picturetour.com, 

2011). 
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2.1.4 Trafficking 

Human trafficking is on the rise in Cambodia, as a source, transitionary, and endpoint for victims. 

The UN Inter-Agency Project on Human Trafficking (UNIAP) registers trafficking as relatively new to 

Cambodia, pointing to factors such as rural-urban socio-economic inequity, rising tourism, 

education, increased migration and most of all, poverty. One of the consequences of the Khmer 

Rouge regime is 50% of the population is represented by people under 20. Their drive for decent 

work, and migration for it, has heighted vulnerability to trafficking (Humantrafficking.org, 2006). 

 

Human trafficking in developing countries targets very poor villages where families, often with many 

children, are left vulnerable and can’t afford to raise them all. Traffickers offer a sizeable amount of 

money in exchange for the children, in a way taking some burden off the poor households. “Build 

Against the Traffick” project aims to prevent trafficking by going in directly to the villages and 

provide sustainable housing and energy projects to lift the village out of poverty.  

With better shelter and energy supply, the village occupants can then focus their time and energy on 

making a living which will eventually lift them out of poverty. The children will also receive 

education, giving them a shot at a better future, thus preventing them from being sold to traffickers.    

2.1.5 Health  

The leading causes of death in Cambodia are shown in Table 1 Top 10 causes of death in Cambodia 

(Centre for Disease Control and Prevention, 2011)Error! Reference source not found.. The under 5 

mortality rate stood at 42.5/1000 live births in 2011 (WHO, 2011). 

Table 1 Top 10 causes of death in Cambodia (Centre for Disease Control and Prevention, 2011) 

1. HIV AIDS – 10% 6. Ischaemic heart disease – 5% 

2. Tuberculosis – 8% 7. Meningitis – 4% 

3. Diarrheal disease – 7% 8. Cerebrovascular disease – 4% 

4. Perinatal conditions – 7% 9. Hypertensive heart disease – 2% 

5. Lower respiratory infections – 5% 10. Malaria – 2% 
 

Many of these causes of death can be targeted directly with changes in lifestyle at a village and 

household level. Communicable diseases like diarrhoeal diseases can be addressed by improving 

access to effective water and sanitation. Children in particular are in a vulnerable risk group.  

Reducing the smoke and residues from inefficient stoves is a direct way to target respiratory illness. 

Case studies indicate a correlation between hours per day spent near a fuelwood stove and the 

severity of acute respiratory infections (ARI). Other hazards associated with continued smoke 

exposure include chronic obstructive lung diseases (COLDs), low birth weights, eye problems and in 

some cases there is a possible relationship with cancer (Smith, 2010).  

Improved household insect permeability through screens and nets, and naturally repellent materials 

are also potential solutions against mosquito borne diseases, in particular, malaria. Malaria carrying 

mosquitoes, Anopheles, are predominantly night feeders but are also active during dawn and dusk 

(Centers for Disease Control and Prevention, 2012). Solutions should account for this behaviour.  

Head lice infestation is also an issue in Chaom Trach. Preventative measures are most important, 

namely appropriate access to showers. Access to head lice treatment kits is also recommended. 
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Villagers in Chaom Trach may only have access to the nearest supply in a town or city so transport or 

delivery options may be required. 

Malnutrition is also an issue in Cambodia. 17.1% of the population is below the minimum level of 

dietary energy consumption, and 28% of the population is moderately and severely underweight 

(UNICEF, 2003). This has a likely correlation with the 18.6% of the population living below $1 a day 

(WHO, 2011).   

 Medium Picture: Chaom Trach 2.2

2.2.1 Village Layout  

Figure 4 shows aerial views of Chaom Trach Village. The village is actually split into two parts and is 

separated by a large depression. House plots are laid out along the main road flowing through 

Chaom Trach. Some houses are stacked behind others which are adjacent to the road. Each house is 

situated on a relatively large plot of plant, which has a high potential for growing food and other 

crops.  

There is a dug out damn nearby which could hold opportunity as a fish farm. The domain is relatively 

flat though holes from old stone quarries scatter the landscape. These fill with water during the wet 

season.  

 

Figure 4 Aerial views of Chaom Trach (Google, 2013) 
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2.2.2 Village Life  

There are approximately 100 households, with 30% of the villages representing the poorest of the 

poor. Elders provide leadership for the village. They are unelected, but roles upheld due to mutual 

consensus and respect. Elders were integral in indicating at risk families, and village priorities such as 

housing and education.  A village survey is detailed in section 4.1. 

Gender roles are apparent within the village, with women the primary care givers, and men 

providers. Chbab Srey, a 19th century book codifying the conduct of Khmer women, contributes to 

enforcing patriarchal gender roles by requiring women to ‘follow women’s rules’ with the domestic 

sphere, such as cooking and weaving, and ‘serve (their) their husband’s will’ (Ellen, 2013). 

Whilst trust is fairly strong within the community, theft from outside the village poses a minor risk, 

in particular to animals or any new technology such as portable cookers and batteries. 

2.2.3 Education  

Schools and a health clinic are areas to work towards in Chaom Trach. Current work is being 

undertaken with the school administration. Whilst the building is sound, holding regular classes is 

not so easy. Local teachers receive a very basic wage from the government, so it is not uncommon 

for them to charge their students extra. Volunteer groups occasionally assist with school activities 

but not on a regular basis.  

The school goes up to the fourth grade, whereupon students of grade five and above must travel 3-

4km to attend middle school. The current school building (Figure 5) is in reasonably good condition 

and does not get too hot during the day. However, it has only two classrooms placing a limit on 

attendance (Weber, 2013).  

The illiteracy rate is approximately 31.6% (San, Sriv, Spoann, Var, & Seak, 2012) 

 

Figure 5 Chaom Trach Primary School, exterior (left) and interior (right) (Weber, 2013) 
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2.2.4 Water and Sanitation  

According to the CIA World Factbook, only 20% of the Cambodian rural population have access to 

improved sanitation facilities and 42% still have unimproved drinking water facilities (Central 

Intelligence Agency, 2013). 

There is currently large demand for more toilets. There are currently only 6-8 communal toilets in 

the village, constructed recently. Three of these are next to the school (Figure 6). One of these is 

currently in disuse, with the door pulled off, and basin filled with dirt and plant material, with the 

other two locked by the teachers (Figure 6). There are no households with individual toilet facilities. 

The toilets are squat basins, using a pour flush latrine design. Water is poured manually into the 

toilet by the user, which empties into a concrete lined pit, which must be emptied routinely. Waste 

is highly pathogenic, and must be handled with care. 

 

Figure 6 Toilet block behind Chaom Trach Primary School, with disused basin pictured (right) (Weber, 2013) 

There is no regular town water supply. Water is received from pumps, with approximately 10 

families per pump. Water is untreated. Clay pots (Figure 7) are currently used to collect and store 

rainwater for drinking and cooking for during the wet season. These are not sealed properly, 

allowing water to stagnate, debris to be caught and mosquitoes to breed. There is room for 

improved design here. Average water consumptions is 8L/pp./day (Danish Hydraulic Institute et al, 

1995) 
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Figure 7 Water Collection in Chaom Trach using well (picture left) and ceramic rainwater pots (pictured right) (Weber, 
2013) 

2.2.5 Food  

The main village diet is rice and cassava. Rice is usually served with varieties of fish and vegetables 

with spices such as hot peppers, lemon grass, mint and ginger are also used to add flavour to the 

dishes. Families also catch frogs and crabs for protein (Weber, 2013). On special occasion or when 

the family can afford it, beef, pork, poultry and eggs are also added as part of the meal (U.S. Library 

of Congress, 2003 - 2013).  

Nutrition is not particularly diverse at present. Malnutrition was quite severe during the Khmer 

Rouge era with the ration meal system consisting only of two tins of rice and fish sauce that often 

had to be shared between four people (U.S. Library of Congress, 2003 - 2013). 

2.2.6 Economy  

Design and construction of the sustainable dwelling for family will be constrained to AU$2000 for 

materials. The pilot energy project will have a hardware budget of AU$20 000.  

Current Income is approximately U$1-5/person (Weber, 2013). Income depends on the type of job 

being performed but generally, the breakdown is $5/day for skilled workers, $3-4/day for unskilled 

and less than $1/day for women. Current income generation is via seasonal farming work in nearby 

cassava export crops and rice paddies. This work is labour intensive and generates the minimum for 

families to get by. Some families own livestock, particularly cows.  Figure 8 shows a rough overview 

of labour allocation in Chaom Trach, from a survey of 23 community members ranging from 13-67 in 

age. The 25 - 40year old group may be under represented as they were absent labouring when the 

survey was conducted (Weber, 2013).  
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Figure 8 Occupations in Chaom Trach (Weber, 2013) 

Funding is currently provided both from within the Chaom Trach community and from external 

sources. Houses are built by RAWimpact based on a loans based system. These loans may be 

monetary but may also involve a family specific agreement, such as abstinence from alcohol. All 

houses are built on the condition that children will be sent to school.  

2.2.7 Energy Production  

Currently we do not possess in-depth information about the energy consumption of the people in 

Chaom Trach other than that they burn wood (and sometimes charcoal) for cooking, and use car 

batteries for running electrical appliances such as mobile phones and lights.  

Therefore, for the purpose of this assignment, we can extrapolate similarities from case study in 

Sameakki Meanchey district (San, Sriv, Spoann, Var, & Seak, 2012). In 2007, 85.0% of Cambodian 

households used fuelwood as their primary energy source, making it the most common energy 

source (NIS, 2008). Figure 9 shows the current breakdown of energy mix.  

 

Figure 9 Current Energy Mix in Sameakki Meanchey District (San, Sriv, Spoann, Var, & Seak, 2012) 
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The Royal Government of Cambodia, via the Ministry of Industry, Mines and Energy, has a two-part 

aim to firstly, achieve electricity for its villages by 2020 using mini grid or off grid electricity, and by 

2030 see that at least 70% of Cambodians have grid quality electricity (Rural Electrification Fund, 

2011, p. 4). This is unlikely to impact Chaom Trach in the short term.  

2.2.7.1 Cooking 

Fuelwood (scrap timber) is collected from the nearby area. 96% of the households use fuelwood for 

cooking food and water. The daily average need is currently 5.21 kg fuelwood (cooking) and 2.8 kg 

(boiling water) per family. (San, Sriv, Spoann, Var, & Seak, 2012). Cooking is performed on open fires 

with wood, such as the common existing three stone design, which is highly inefficient with 

incomplete combustion producing emissions that are hazardous for health. Lower grade biomass 

requires a higher quantity of fuel supply to meet energy demand, leading to a significant amount of 

time being spent on fuel collection. Women, playing a larger role in cooking and energy 

management, are most vulnerable to these impacts (Biswas, Bryce, & Diesendorf, 2001). Cooking is 

either done inside the house, concentrating exposure to smoke particulates, or outside, leading to 

sun, wind and rain exposure. This is pictured in Figure 10. Some households may use the more 

efficient New Lao Stove (San, Sriv, Spoann, Var, & Seak, 2012). 

 

Figure 10 Cooking in Chaom Trach is done either inside dwellings (left) or outside (right) 

Burning fuelwood and plant material is also used to keep insects (particularly mosquitoes) away 

from animals, and people alike. The use of smoke from domestic fuel however, has not been 

statistically shown to have an impact upon mosquitoes. Furthermore, the majority of mosquitoes 

carrying malaria bite later at night, once cooking activities have finished. However, the cultural 

perception of the impact of smoke has is not to be underestimated. Burning specific plants can be 

seen as an effective repellent for mosquitoes, and perhaps this instead should be focused on so that 

smoke inhalation can be minimised (Biran, Cameron, Ensink, Lines and Smith, 2008).  

12.4% of the households use charcoal, especially for grilling meat and fish. It is more efficient than 

burning fuelwood but can be quite costly. 

Biodigesters are not currently operational in Chaom Trach. Whilst there are animals in Chaom Trach, 

there are currently no effective means of collecting the manure to use as feedstock. Given that 

biogas is cleaner, more efficient than fuelwood, and uses waste resources as an input, it is currently 

being supported by the Cambodian government. The National Biodigester Program (NBP) provides a 

cash subsidy of $US150/plant. (San, Sriv, Spoann, Var, & Seak, 2012) 
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2.2.7.2 Lighting and electronics 

20% of households in Cambodia have access to grid electricity (UNDP, 2008). Only 6% of rural 

population has access to electricity, mostly supplied by diesel generation. Approximately 80% of 

Cambodians use kerosene lamps instead, or power lights using car batteries (WB, 2009). The cost of 

electricity lies in the range of US$0.35-US$0.90/kWh (San, Sriv, Spoann, Var, & Seak, 2012). 

Approximately 58% of the households use rechargeable car batteries (12V, 50 Ah) (San, Sriv, Spoann, 

Var, & Seak, 2012). These generate on average 3.3 kWh monthly (San, Sriv, Spoann, Var, & Seak, 

2012). They are used to run fluorescent lights, small televisions, and charge mobile phones. 

Recharging is done 5-6 times monthly using a diesel generator in a nearby town (costs: US$0.683 per 

kWh) (San, Sriv, Spoann, Var, & Seak, 2012). Significantly, this price is the same as that of electricity 

from the grid, where connection exists.  

Kerosene lamps are used by approximately 60% of the surveyed households (San, Sriv, Spoann, Var, 

& Seak, 2012). The average monthly consumption is 1.99 L per family. Cost is expensive at US$0.875 

per litre (San, Sriv, Spoann, Var, & Seak, 2012). Kerosene lamps also act as mosquito deterrents.  

 Small Picture: The House  2.3

2.3.1 Family Life  

The average Cambodian family size is 4.7 people per household.  However, houses can often shelter 

up to 9 people. It is common for families to share meals with other families. Food security as a whole 

is poor in this community. The nearest market is 12km away.  

In Chaom Trach there are approximately 65 cows, 20 pigs, and countless chickens, meaning most 

households have chickens and either a cow or a pig. Cows are allowed to roam during the day, 

though watched by a young/elderly minder, whilst chickens roam freely. All animals are penned 

beneath the house at night to protect from rain, dew and theft (Weber, 2013). The need to pen 

animals must be considered in housing design, as well as hygienic ways to maintain and harvest 

manure. 

2.3.2 Current Housing Picture  

The existing houses are single room building made from wood and often inhabited by families with 

up to 9 children. The houses are raised from the ground, creating two spaces:  

The ground floor of the house serves as: 

 An open space (no external walls), so the area is cooled by breeze around the house.  

 Used for daytime activities, storage, or business 

 Furniture includes: hammocks, bamboo/wooden bed 

 Livestock also kept within a simple pen in this area 

 There are generally no physical divisions within these spaces, or barricades to the open 

environment. 
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Houses in the poorer areas usually only consists of a single upstairs room utilised for: 

 Night time activities, sleeping 

 Furniture includes: mattress or multi-purpose wooden/bamboo table 

 The kitchen area is usually a step lower, but still attached, with the main structure 

 Might have partitions for rice storage 

Traditionally, the house is built starting from the basic wooden frame structure. Then, the roof is 

erected before completing walls on the upper storey. Modern materials like corrugated tin or 

aluminium sheets are the popular options for roofing material since they offer better weather 

protection than traditional ones. The walls are typically made from woven bamboo or palm leaf 

mats.  

The poorest families in Chaom Trach live in houses similar to that depicted in Figure 11. Some 

houses are elevated while some are on ground level, leaving them particularly vulnerable to flooding 

in the wet season. Large gaps in the walls and roofing leave occupants very exposed to rain and 

wind. 

 

Figure 11 Example of a dwelling belonging to one of the poorest family in Chaom Trach (left) and an example of a wall 
(right) (Weber, 2013) 

Holes in roofing, gaps in bamboo walling and the presence of eaves spaces render houses more 

permeable to mosquitoes, and have been linked through observational studies to an increased risk 

of malaria contraction. It is recommended that vulnerability to mosquitoes be addressed within the 

new dwelling designs, using screens, curtains or the application of insecticides (Biran, Cameron, 

Ensink, Lines and Smith, 2008).  

Many houses have diagonal struts on the walls for wind bracing. The majority of houses are built 

facing the road regardless of wind direction.  Houses are not constructed in a single line.  

The current dwelling design used by RAWimpact is constructed in a traditional vernacular style and 

use a 4x5m footprint, with a 1.5m elevation. A concrete foundation is also used.  
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Figure 12 Current RAWimpact Dwelling Design exterior (left) and interior shot of roof (right) (Weber, 2013) 

2.3.3 Materials Available   

Sourcing locally available materials sustainably is recommended. If a strong argument can be made 

for sourcing a material from elsewhere cost effectively, this may be acceptable. To this end illegal 

logging is a problem in Cambodia, but it is very difficult to determine on the ground which wood has 

been sourced from where. Developing a long term strategy for sourcing wood is in this light an 

option, but must be accompanied by a feasibility study. According to (San, Sriv, Spoann, Var, & Seak, 

2012), fuelwood collection is not a significant contributing factor to deforestation in the area. 

Recycled materials will be sourced where possible.  

Bamboo weave walls are recommended. They are strong, locally available and cost efficient, though 

not completely waterproof. Previous houses have utilised corrugated tin roofs. Cladding could be 

added to this design to dampen sound and add insulation.   

For the bearers, both square timber and tree stumps are available; those tree stumps are three 

times less expensive. Fixings readily available are size 5, 8, 10 nails and 3-4 non-galvanised screws. 

Termites are an issue to be considered; paint and oil are a local method for reducing the risk. Most 

other materials are sourced from Phnom Penh. Some electronics can be sourced from the nearby 

town Stoeng Chinit, where there is a petrol station and grid connection.  
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3 The Sustainable Livelihoods Framework  
The Sustainable Livelihoods Framework (SLF) was applied to better understand the interaction between livelihood assets in Chaom Trach, and the 

institutions and context these exist in (Error! Reference source not found.). The results are shown in Table 2.

 

Figure 13 The Sustainable Livelihoods Framework (SLF) (Anna Bruce, pers. comm., 2013) 
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Table 2 Sustainable Livelihoods framework
5
 

                                                           
5
 Livelihood scores were an intuitive evaluation of the status of the different assets, relative to stage of implementation, relative to Cambodia. 

Livelihood 
Assets 

Micro (intra 
household) 

Micro (inter 
household) 

Meso (within 
Cambodia) 

Macro 
(transnational) 

Policies, Institutions and 
Process  

Vulnerability 
Context 

Livelihood Score  

Natural  Small land plot.  
Abundant rainfall in 
wet season.  

Multiple blocks of 
land with 
agricultural 
produce and 
animals. Nearby 
water resource 
(dirty). 

Trees and forest 
products. Mekong 
delta. Agricultural 
resources. 

- Land tenure regulations may 
affect families and ability to 
farm in surrounding area.  
Systematic land registration 
in Cambodia.  
Gender/class affects who 
works with natural resources.  
 
 

Floods and 
typhoons may 
destroy land, 
produce and 
forests. 

Income 0.7 
Well Being 0.3 
Vulnerability 0.5 
Food Security 0.5 
Natural Res.0.3 
Total 2.3 

Human Able bodied health. 
Basic agricultural 
skills. 
Resourcefulness in 
times of 
vulnerability.  
Basic education.    
 

Identifiable skill 
sets that can be 
expanded upon or 
created anew. 
Refer to Figure 12 
for breakdown.  
69% literacy. 
Primary School in 
Chaom Trach. 

High rural labour 
population for 
agriculture. 

Labour/skill 
exchange with 
neighbouring 
countries.  

Existing lack of skilled 
labour/education and lack of 
opportunities to develop 
skills in Chaom Trach.  
Variability in teacher 
presence at school affects 
chance to develop education. 
There is also no high school.  
No OH+S/insurance to 
protect labour/health 
standards at work.  

Health of the 
individual and 
environmental 
conditions affect 
labour 
opportunities, 
more so that than 
political 
economies.  
Income priorities 
limit education.  

Income 0.3 
Well Being 0.4 
Vulnerability 0.3 
Food Security 0.5 
Natural Res.0.5 
Total 2.0 

Social Strong family 
relations and 
kinship. 

Elder governance. 
Strong extended 
family  

Constitutional 
monarchy with one 
dominant party.  

Relations with 
bordering 
Thailand, Laos 
and Vietnam.  

Impact of Khmer Rouge in 
displacing communities and 
changing fabric of society and 
the degree of 
community/trust. 

Deaths of family 
members will 
cause stress on 
family and 
community 

Income 0.5 
Well Being 0.9 
Vulnerability 0.8 
Food Security 0.8 
Natural Res.0.5 
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Chbab Srey, a book codifying 
the conduct of Khmer 
women, contributes to 
enforcing gender roles   

bonds. Total 3.5 

Financial Individual earnings 
range from <$1 - $5 
/day. 

Informal micro 
loans with 
RAWimpact.  

Overall low rural 
income and 
financial support.  

Support from 
RAWimpact and 
collaborator 
(donations) 

No access to formal banking 
(credit/debt) structures to 
enhance financial assets.  
Seasonal variation in work 
affects income.  
Can’t move up income 
bracket with absence of skill 
developing environment.  

Limited capacity 
to save leaves 
families 
vulnerable, 
especially to child 
trafficking.  

Income 0.3 
Well Being 0.3 
Vulnerability 0.3 
Food Security 0.3 
Natural Res.0.3 
Total 1.5 

Physical  Kerosene lamps, 
battery charged 
fluorescents, wood 
fire stoves. 
Basic rainwater 
collection. 
Housing for each 
family, but in many 
cases structures are 
deteriorated. 4x6m 
vernacular housing.   

Groundwater 
pump.  
Road infrastructure 
limiting. Medium 
penetration of 
basic mobile 
phone.  

Only 20% of 
Cambodian 
households have 
access to electricity. 
6% in rural areas.  
Readily available 
basic agricultural 
tools (seeds, 
fertiliser)  

Power from 
hydro in 
Thailand, 
Vietnam.  

Lack of energy, transport, 
water, health, 
communication 
infrastructure. 
Cultural practice underlying 
certain traditional technology 
use (e.g. the taste of wood 
fire stoves)  
 

Weather damage 
threatens 
dwellings and 
water supply. 
Wood fire stoves 
dependent on 
forestry.   
 

Income 0.3 
Well Being 0.3 
Vulnerability 0.3 
Food Security 0.5 
Natural Res.0.2 
Total 1.6 
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4 Needs Assessment of Chaom Trach 

 Survey Results  4.1
In September 2013, a survey was conducted by RAWimpact in Chaom Trach, for 23 villagers (12 

female, 11 male) ranging in age from 13 to 67 in age. The occupation breakdown is detailed in 

section 2.3.6. 

Participants were asked a series of questions asking about their immediate and long term visions for 

Chaom Trach, the biggest obstacles facing those visions, and the skills that they could personally 

contribute. The results are shown in Figure 14: 

 

 

Figure 14 Needs and Hopes for Chaom Trach identified by villagers. ‘Total’ represents the percentage of responses who 
replied in a certain way, out of the total sample group. ‘Male’/’Female’ represents the percentage of responses who 
replied in a certain way, out of number of male/female participants. Age based distinction produced no significant 

variation in response. 

Most striking in Figure 14 is the call for more jobs, particularly ones that were flexible across the 

different seasons. More than 50% of the study identified this as something they wanted to change, 

weighted equally between females and males. Education, happiness, health and food security were 

the other top priorities. All participants who indicated education as a need were female, with 

sanitation and health also identified more by females.   

One of the most powerful pieces of information delivered from the survey performed was that when 

participants were asked separately what they would want to use electricity for, 91% responded ‘see 

in the night’ (Weber, 2013). An appropriate lighting solution therefore, is in high demand.  

The 67 year old male village leader participated in the survey. He identified access to jobs, water, 

and equipment as key issues in Chaom Trach, and was the only participant to identify the 
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opportunity in using electricity for economic development and entertainment, whilst conceding that 

this challenge was a lesser priority over lighting.  

Poverty (43%), roads (22%) and education (17%) were identified as the biggest challenges, roads and 

education with a stronger female opinion (Figure 15). Poverty and education have a strong link to 

the need for jobs identified in Figure 14.  

 

Figure 15 Biggest Challenges facing Chaom Trach 

Finally, when asked about the role they could personally contribute to Chaom Trach, 48% 

participants said that they did not possess any skills, and 13% were unsure of what they could 

contribute (Figure 16). One 43 female rice grower said: 

“The problems come from the fact that we are villages. We do not have the power to change 

anything.” 

This indicates the need for some kind of program to facilitate individuals in identifying their skills, 

knowledge and esteem, and empowering them within their community. Based on this appropriate 

educational/skills development activities could be initiated to develop capacity further, if desired. 
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Figure 16 Contribution of Individuals to Chaom Trach 

 Chaom Trach System Diagram  4.2
A flow chart was created to map out the linkages between the different concerns currently present 

in Chaom Trach.  

 Those in red represent the needs identified in the community survey and RAWimpact 

 Those in blue represent potential strategies for meeting these needs  

 Those in purple represent the institutional structures and approaches that surround these 

needs and strategies, which must be concerned in a potential solution.  
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Figure 17 Preliminary System Diagram, Chaom Trach
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5 A  New Home  

 Needs Assessment  5.1
The critical need that the dwelling design needs to fulfil is improving overall quality of livelihood for 

the people of Chaom Trach by offering a sustainable home that offers protection and provides 

opportunity.  

Breaking this down, the key dwelling needs were identified as:  

i. Protection against the elements: wind, monsoon, sun protection, ventilation  

ii. Passive HVAC design for a hot humid climate 

iii. Flexible spaces that can be adapted for sleeping, cooking, washing, storage, and socialising.  

iv. Use sustainable materials, locally sourced or recycled, where possible.  

v. Be a functioning holistic unit that attends to energy, water, sanitation, food and income 

needs  

vi. Be cultural appropriate  

 Design Proposition  5.2
The design process considered a variety of options, which were discussed for achieving the most ideal 

combination, able to be adapted to the social and environmental conditions of the village. In this way, 

the design process was composed by three or four options for roofing, housing form, stairs disposition, 

open/closed spaces and the relation between the roof and the floor volume (Figure 18). Consequently 

the selection of the roof was based on the capacity and the flexibility of the slopes to permit the release 

of the internal hot air, letting the natural lighting come in as well. The form selected responds to the 

characteristics of the village´s houses, introducing an internal functional space, in addition the stairs 

option selected is the simplest one, for easy construction and access. Finally, the relation chosen 

between the roof and the house´s envelope gives the possibility to generate more openings, to decrease 

the indoor humidity and to improve cross ventilation flows. The design combination responds to the 

conditions of the place and its culture, increasing the performance of the house in terms of passive 

design. 

Sketches of designs made during the design process are presented in Appendix 1.  
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Figure 18 Basic housing design choices 
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 Floor Plan  5.3

 

Figure 19 Floor Plan 
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 Elevations  5.4

 

Figure 20 East Elevation 

 

Figure 21 West Elevation 
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Figure 22 North Elevation 

 

 

Figure 23 South Elevation 



38 
 

 Sections and Design Principles 5.5
 

 

 

Figure 24 Sleeping Area Section 

 

 

 

Figure 25: Cooking Area Section 
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The house was designed using passive design parameters in order to respond to the local climate 

and social context in which it will be built. This is why, in terms of materials, we chose to use local, 

accessible and economic products. Materials like bamboo weave mats for the walls, wooden 

floorboards, large timber posts, and tin roof sheets are the main components of the house, and with 

their low thermal capacitance, they should allow for fresh indoor environments. The house is 

culturally appropriate, keeps cooking spaces separate from bedrooms, and will improve the quality 

of life of its occupants.  

The house has been designed with the occupant's thermal comfort prioritised. With most wind 

coming from the north and south, there is a lot of cross ventilation, as wind can pass through both 

sides of the house, from the north to the south or vice versa. Mosquito nets on the north and south 

faces should protect the occupants from insects, while allowing for good airflow in the direction of 

the incoming wind. The orientation has also been chosen with the regional climate in mind. The 

main open veranda and cooking space faces east, away from incoming rain while allowing cross 

ventilation through the north and south sides.  

The roof design will protect from rain while allowing heat to escape out the opening in the top. It will 

also protect the open sides of the house from most rain, and provide valuable shading for such a hot 

climate. The roof will shade the open area from all but early morning sun, with the full area being 

shaded from as early as 11am during summer, and even earlier in the winter months. During 

summer high cloud cover will block most direct light, thus further improving the thermal comfort in 

this area. On the western face of the house there is a high narrow window with vertical louvers for 

shading which will allow some late afternoon light to filter into the bedroom for improved day 

lighting, without adding significant heat. Another use of the roof is rainwater collection, which will 

be collected on the southern side, and stored in the water tank for later use. 
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Figure 26 7:45AM July – cooking area in full sun early morning only 

 

 

Figure 27 11AM July – cooking area fully shaded by 11am. 
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Figure 28 5PM July – western face window allowing late afternoon sunlight in for day lighting purposes 

 Site Plans 5.6
 

 

Figure 29 Site Plan  
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Figure 30 Possible site position of the dwelling 

 Views 5.7

 

Figure 31 View 1 
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Figure 32 View 2 

 Costings  5.8
Table 3 Costing of Current Dwelling   
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Table 4 Costing of Dwelling Proposal 
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 Materials  5.9

 

Figure 33 Principle Structure  

 

Figure 34 Roof and Floor 
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Figure 35 Walls 

 

Figure 36 Other features  
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 Value Adds  5.10
We set out to build not just a house but a home. And so much more than a home. A home with 

options, extensions, variations. A home of ideas, concepts, purpose. A home specific to its owner, 

not just a generic home the same as everyone else's. A home that provides to its owner's dynamic 

needs. And so we added flexibility. Value adds tailored to different people and different interests. 

The following value-adds are outside of our original budget, but may be added to meet an owner's 

specific needs. 

Funding of the value adds is a continuing challenge. The majority of the money will need to come 

from the community; however there may be some possible subsidization from RAWimpact or some 

other organization. Loans may also be possible. Unfortunately, the value adds are quite expensive 

relative to average income, so despite some of them assisting income-generating activity, it may be 

difficult to show the villagers the value of these adds so as to warrant the purchase. The challenge of 

funding is one that needs to be worked on. 

 

Figure 37 Value Add 1 Balcony Expansion  

Table 5 Value Add 1 Balcony Expansion Costing  

 

Opportunity offered: 

recreational space, clothes 

drying area 

Target market: social families 
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Figure 38 Value Add 2 Extra Stairs 

Table 6 Value Add 2 Extra Stairs Costing  

 

 

Figure 39 Value Add 3 Animal Shelter  

Table 7 Value Add 3 Animal Shelter Costing  

 

Opportunity offered: tiered 

seating for students or 

entertainment 

Target market: teachers, 

community leaders 

Opportunity offered: secure 

shelter for animals, ease of 

waste collection, separate from 

human living spaces 

Target market: particularly 

those investing in goat scheme 

or biodigesters 
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Figure 40 Value Add 4 House Expansion  

Table 8 Value Add 4 House Expanision Costing 

 

 

Figure 41 Value Add 5 Workshop  

Table 9 Value Add 5 Workshop Costing  

 

Opportunity offered: 

sheltered work area for 

income generating activity 

Target market: skilled 

workers, carpenters, potters, 

clothiers, basket weavers etc. 

Opportunity offered: extra 

space for bedding, more 

spacious interior 

Target market: bigger 

families 



50 
 

 

Figure 42 Value Add 6 and 7: Vegetable/plant boxes and raised ground level platform 

Table 10 Value Add 6 Vegetable/plant boxes costing 

 

Table 11 Value Add 7 Raised Platform Material Costing 

 

 

 

 

 

 

  

Vegetable/Plant Boxes 

Opportunity offered: micro 

gardens for growing herbs, 

vegetables, shade plants 

Target Market: those 

looking for nutritional 

diversity 

Raised Platform 

Opportunity offered: 

ground floor platform raised 

to keep mud out and allow 

some water runoff 

Target market: people who 

want to keep the downstairs 

area dry for regular use 

 

Opportunity offered: 

state of the art 

insulating roofing and 

increased thermal 

comfort 

 

Figure 43 Value Add 8 Kingspan Roofing 

Table 12 Kingspan Roofing Material Costing 
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Table 13 Dwelling Sustainability Assessment  

Does the dwelling pass sustainability assessment? 

 Institutional No government involvement is required. RAWimpact will fund the houses and 
work with the locals to build them.  
Ownership: As the locals will be investing energy and interest into the building of 
these houses, they will probably take greater pride in their house and value it 
higher than if it was just handed to them.  This should help in encouraging them 
to maintain and care for the house.  
Jealousy and social tensions: Recent history of Khmer Rouge shouldn’t be 
underestimated. Social ties may not be so strong. However for the past few years 
of RAWimpact’s presence in the area it has gone well, but we are unable to 
evaluate beyond that. RAWimpact has stated that there are no tensions between 
those who do and don’t have houses.  
 

 Financial Houses funded by RAWimpact.  
Financing for value adds: yet to be finalised. Could be through loans, subsidies, 
community investment, or owner’s income. Would probably require financial 
help of some form, as they are expensive compared to average income. Short 
rotation bamboo plantations and forestry may be utilised to make costs cheaper.  
Maintenance costs: Maintenance will hopefully be low (see technological 
section). Owner will be responsible for maintenance.  This could come down to 
local resourcefulness in solving problems, if they are unable to meet the costs of 
a complete fix. This house should be no more vulnerable than existing houses in 
the area.  
In the event that severe damage occurs to the house and the owner can’t fix it, 
we anticipate that community assistance and resourcefulness will take a big part 
but ultimately RAWimpact or another organisation may need to step in. More 
consultation is needed for this strategy to be further developed.  
 

 Technological Lifetime: Difficult to predict, but based on known facts about current housing, 
the presence of RAWimpact, correct monitoring of things like termites and water 
damage, and with proper maintenance, and especially with the value add of the 
Kingspan roofing, we can be confident that it should last well beyond 10 years.  
Structural: Appropriate cross bracing has been designed however a full structural 
assessment should be undertaken to determine safety margins.  
Termites: Concrete foundation posts exist at the bottom of each structural post. 
This should prevent termite infestation on the house. 
Water: Given the severity of the wet season, water will inevitably be an issue for 
some of the less durable elements of the house, namely the bamboo weave 
walls, but fortunately these are also the easiest and cheapest parts to replace. In 
a structural sense, the concrete foundations should protect the main posts from 
standing water. If treated timber is available, it is preferred and should be used. 
This has a much longer lifetime in the given environmental conditions than 
untreated timber.  
Ground floor platform: The lower platform is to be made of mud brick, which 
should be resilient to water damage.  
One of the value adds is a raised wooden platform that allows for water runoff 
and keeps mud out. This will be raised on the concrete foundation posts, and so 
should be protected from termite attack.  
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 Social Benefits: A home provides shelter from the elements and a sense of security and 
hope. It can be used to house and entertain guests, maintaining and improving 
social ties. Separated cooking and sleeping areas and improved ventilation has 
health benefits also due to minimised smoke inhalation.  
 

 Ecological Sustainability of forestry: The timber will ideally and if possible come from 
sustainable sources, but ultimately there is a lot of illegal logging in Cambodia 
and it is not always possible to trace back to origins with regional timber 
suppliers.  
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6 Energy Systems  

 Energy Needs Assessment  6.1
Key energy needs were identified based upon data extrapolated from the Kampong Chang Province 

(San, Sriv, Spoann, Var, & Seak, 2012) as seen in Table 1 and direct reporting from Troy Roberts, 

RAWimpact.  

 

Table 14 Rural Energy Consumption per family per month 

Potential future energy needs identified for Chaom Trach in the medium-long term included:  

 Agricultural process: irrigation, micro and macro crop development  

 Hydraulic Systems:  

 Transport 

 Expanding electrical appliances to include not only mobile phone devices, but tablets, 

refrigeration, televisions. 

 Other income generating activities.  

Rationalising these needs against those identified by the survey of Chaom Trach, the following top 

energy needs were established: 

i. Cooking: to reduce the health ramifications associated with smoke intensive stoves 

ii. Lighting: to increase productivity and livelihood in the home environment through ‘seeing in 

the dark.’ 

iii. Small appliances: to increase connectivity, education and livelihood opportunities  

 Implementation Time Frames 6.2
Critical in evaluation of energy needs and solutions for Chaom Trach was the concept that energy 

needs are dynamic and will evolve over time.  

Examining systems on a time basis will assist in selecting an appropriate technology for a given time 

(Reddy, 2002).   

 immediate (within 1 year)  

 short  (1-5 years) 

  medium (5-10 years) 

  long term (extending 20-30 years into the future)  
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If/when energy needs evolve, we wish to have a system in place to allow the community of Chaom 

Trach to upgrade as the community adapts into the future. Current energy use is gauged at 

approximately 3.3kWh/month/family (San, Sriv, Spoann, Var, & Seak, 2012). 

The choice between whether to ‘leapfrog’ technology or gradual ‘climb the energy ladder’ will be 

made based the following needs identification and criteria for appropriate near term technology.  

As part of evaluating and determining an energy system the following scaffold will be completed to 

give energy service recommendations. This process will be iterated again following more 

consultation with the Chaom Trach community.  
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 Technology Criteria  6.3
A literature review investing criteria for appropriate technologies was used to evaluate different 

energy technologies for Chaom Trach (Reddy, 2002). The key criteria for a near term technology was 

set as follows. A device will:  

 Meet the necessary energy needs of the Chaom Trach community, with the opportunity 

of future improvement. Needs should be determined with the input of the community, 

and technology deployed should ideally build capacity to facilitate future improvement 

being driven from within the community itself.  

 Possess a certain amount of simplicity and be user friendly  

 Be safe to operate and easy to maintain. Any new hardware should be accompanied by 

necessary software or education/training in managing the device.  

 Uses sustainable, locally sourced  materials and reduce dependency on fuel  

 Could be deployed equitably to individual families, or in a way that resolved 

ownership/responsibility issues in a community setting 

 Be culturally appropriate  

 Fall within the budget scope and meet time constraints  

 Be aligned with five pillars of Sustainability; institutional, financial, technology, social 

and ecological (Retnanestri, Outhred, & Healy, 2008).  
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From this, a technology evaluation framework was devised:  

Table 15 Technology Evaluation Framework 

 

  

Does it meet 
key need(s) 

Does it meet 
the criteria 
of an 
appropriate 
technology? 

Culturally appropriate 

User simplicity 

Operation and Maintenance can be met, preferably from within the community   

Uses sustainably sourced materials and reduces dependency on fuel 

Community Ownership and equitable access 

Develops capacity to facilitate future driven improvement  

Does it meet 
time and 
budget 
constraints? 

Would it be deployed in the immediate/short/medium/long term? 

Can it be deployed equitably within AU$20 000 budget? 

Does it pass 
sustainability 
assessment? 

Institutional 

Financial 

Technological  

Social 

Ecological  
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 Energy solutions  6.4

6.4.1 Solutions Considered  

A number of potential energy solutions were shortlisted for implementation in Chaom Trach. In the 

decision making process, each option was run through the Technology Evaluation Framework, and 

subsequently eliminated (due to failure to meet the requirements established by the framework) or 

carried to the final solutions phase. The former are listed in Appendix 2 Short listed Energy 

Technologies. 

6.4.2 Final Solutions  

6.4.2.1 Neang Kongrey Cook Stove 

 

Figure 44  The Neang Kongrey Stove (NKS) In Use, with User Modification (right) (World Bank & ASTAE, 2010)
6
 

Table 16 Neang Kongrey stove technical specification (World Bank & ASTAE, 2010)

                                                           
6 Developed by: Groupe Energies Renouvelables, Environnement et Solidarités (GERES) – Cambodia 

Phnom Penh, Cambodia 
Phone : +855(23)986 891 
Email :  cambodia@geres.eu 
Web : www.cambodia.geres.eu 

mailto:cambodia@geres.eu
http://www.cambodia.geres.eu/
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Figure 45 Technical Drawing of the Neang Kongrey Stove 

Table 17 Neang Kongrey Stove Energy Evaluation 

Does it meet key energy need(s)? 

 NKS has higher efficiency, thus reducing fuelwood consumption 

 Reduces health risk with less smoke output 

Does it meet the criteria of an appropriate technology? 

 Culturally appropriate The NKS has similar operating principle as the traditional stoves. 
Uses the same fuel as traditional stove (wood). 

Gives the cooking the same flavour as traditional stoves. 
Cambodians are used to the no-chimney stoves (CRT-
ARECOP-GERES Study Team, 2008). 

 User simplicity and safety Same operational principle as traditional stove: burn wood. 
Improved design reduces smoke output. 

 Operation and 
Maintenance can be met, 
preferably from within the 
community 

Little to no maintenance needed. 

 Uses sustainably sourced 
materials and reduces 
dependency on fuel 

Made from locally available clay at Kampong Chhnang. 
Improved efficiency means less fuelwood consumption. 
 

 Community ownership 
and equitable access 

Low cost of NKS makes it possible to distribute them to each 
individual household. 
Rent to own financing system instead of handouts to create a 
sense of ownership. 

 Develops capacity to 
facilitate future driven 
improvement 

The use of NKS will reduce the amount of fuelwood used 
therefore villagers can devote that time for other activities. 
Possible set-up of a village-scale production facility will empower 
women by becoming potters, earning daily income and receiving 
trainings. 
However, steady supply of raw material might be an issue due to 
the distance of Chaom Trach from town. There is also the issue 
of quality control in a household-production scale since there is 
lack of access to standard equipment such as mechanical clay 
mixing and kiln firing. 

Does it meet time and budget constraints? 

 Would it be deployed in 
the 

Immediately. 
Payment options: upfront or micro-loan to Community Fund 
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immediate/short/medium
/long term? 

 Can it be deployed 
equitably within 
AU$20,000 budget? 

Yes. Each stove costs US$1.25  
(World Bank & ASTAE, 2010) 
Total cost*: US$1.25 ×100 = US$125=AU$1307 
NKS also cost less than New Lao Stove which cost US$4 each and 
use charcoal instead of fuelwood which means higher running 
cost. 

Does it pass sustainability assessment? 

 Institutional No government involvement is required for distribution; 
RAWimpact will act as the temporary intermediary between the 
NKS producers and the Chaom Trach locals, though 
organisational transfer will ideally take place in short-medium 
term. 
No specific technical skill is necessary in using NKS so no need to 
bring in experts for training  

 Financial Given the average income of US$1-5/family/day most family 
should be able to afford the NKS, making it financially equitable. 
Payback period should be relatively short, decreasing the risk.  
Low cost of NKS enables outright purchase by local buyers 
More detail about deployment is detailed in 13.6.2.2.  

 Technological Software: Arrange for product demonstration and education on 
proper ventilation 
Hardware: NKS is very simple to use, similar operating principle 
with traditional models. 
After sales: user evaluation and feedback collected by the same 
person(s) who collect payments.  

 Social Benefits: health, time saving, expenses 
In addressing evolving community needs, fuelwood stove will still 
largely utilised by Cambodians in the medium-long term. As time 
goes on, alternative cooking methods such as bio digesters can 
be used in combination with traditional ones.  

 Ecological Reduction in fuel consumption and CO2 emission compared to 
the old stoves (Annual reduction of 0.3 – 0.5 tons of CO2 
emissions per stove). 
Ash residue could be used to sprinkle in humanure toilets, to 
minimize odour.  
The prospect of a community managed SRF reserve could make 
this proposition more ecologically sustainable.  

Recommendation 
With appropriate financing and deployment structure in place, it could be deployed immediately. 
More information on implementation will be provided in Section 13. 

 
 

 

                                                           
7
 *Exchange rate: US$1 = AU$1.04 (Westpac Banking Corp., 2013) 
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6.4.2.2 Solar Lantern: Kamworks8 MoonLight and Solar Charger  

 
 

Table 18 Moonlight solar lantern and phone charger technical specification (KamWorks, 2012) 

 
 

  

                                                           
8 Developed by:  Kamworks Ltd. 

Sre Ampil, Kandal Province, Cambodia 
Phone : +855 (0) 92 962 162  
Email :  info@kamworks.com 
Web   : www.kamworks.com 

 

Figure 46 Kamworks MoonLight Solar Lantern (left) and Solar Phone Charger (right) 

mailto:info@kamworks.com
http://www.kamworks.com/
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Table 19 Solar Lantern Energy Evaluation 

Does it meet key energy need(s)? 

 Provides the people of Chaom Trach with the ability to 'see in the dark' which will facilitate 
education and other income generating activities. Listed uses include cooking, reading, work, 
study, eating, socializing, walking, riding bicycles, orientation, security, fishing, frog catching 
(Kamworks, 2013) 

 Can also be used to charge a small mobile phone device, also facilitating learning and 
communication opportunities. 

Does it meet the criteria of an appropriate technology? 

 Culturally appropriate Poses minimal intrusion. This particular model was developed in 
Cambodia, through extensive observatory and participatory 
research of context and market (Verschelling & Diehl, 2010).  
90% of households who trialled the prototype said they would 
like to buy the product.  
Replaces fluorescents/kerosene burners. Not too many issues 
except for mosquitoes but this is a cultural perception – establish 
dialogue, education, alternatives for mosquito repellence. 

 User simplicity and safety Comes with instructions written in Khmer in the package.  
Does not have too many parts. 

 Operation and 
Maintenance can be met, 
preferably from within the 
community 

Little O&M required, except for battery replacement every 
20months. Kamworks is still experimenting with 
distribution/maintenance models. Close to Phnom Penh, their 
own sales people and technicians, further away, they use 
Microfinance Institutes (MFIs) or trained entrepreneurs  

 Uses sustainably sourced 
materials and reduces 
dependency on fuel 

Uses renewable solar resource instead of using diesel powered 
batteries. Uses NiCd batteries whose disposal must be 
thoughtfully considered.  

 Community ownership 
and equitable access 

The relatively low cost of lanterns makes them more accessible 
to individual families and on an equitable basis.  

 Develops capacity to 
facilitate future driven 
improvement 

Solar lanterns will improve opportunities to education and after 
hours income generating activities 

Does it meet time and budget constraints? 

 Would it be deployed in 
the 
immediate/short/medium
/long term? 

Immediate term 

 Can it be deployed 
equitably within 
AU$20,000 budget? 

Moonlight recommends that households who rent to own/rent 
forever pay out the same price as their average daily kerosene 
repayments (Verschelling & Diehl, 2010) 
There are three ways to access Kamworks products: 

a. Buy upfront (6 month warranty) : $US15 
b. Rent to own (6 month warranty) : US$0.05/day/unit or 

US$1.75/month/unit for 286days/9months 
c. Rent forever (unlimited warranty); US$0.05/day/unit 

.All of which should be accessible to the community, with 
carefully delivered implementation (see 13.6.2) 
(Staffel, 2011) (San, Sriv, Spoann, Var, & Seak, 2012) 
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it is important to note that Kamworks products CANNOT be 
subsidised or sold for less that US$15/unit (Kamworks, 2013). 

Does it pass sustainability assessment? 

 Institutional The distribution model is key in ensuring institutional 
sustainability. Currently there seems to be no perfect solution –
products sold/loaned directly through MFIs are only available 20 
offices (five provinces)which can be difficult to access for remote 
communities. Decentralised Entrepreneurial sales/rental models 
have only had a 50% success rate due to entrepreneurial drop 
out (Energy Map, 2013).  However there are some structures in 
place, that just need to be improved out.  

 Financial Recharging lead acid batteries at a diesel generator costs 
US$2.25/month9  
Moonlight loans repayments or device rental are ideally matched 
to the cost of kerosene, US$1.75. This means that on upfront 
monthly savings the purchase of Moonlights will already be 
offering an incentive over the existing running costs of a 
fluorescent-lead acid battery system. The health benefits of the 
Moonlight, with equal running costs and reduce time/travel to 
purchase kerosene, make it an attractive proposition.  

 Technological Kamworks have development school awareness campaigns 
involving interactive activities such as solar energy games.  
‘Businesses in a box’ are a useful tool in Kamworks start ups 
(Verschelling & Diehl, 2010) 

 Social Equitable deployment.  
Save time of travel to generator. Investigate if man with 
generator is interested in being part of the deployment of solar 
lanterns to maintain his employment. 
In terms of evolving community needs, more lanterns can be 
bought as required, provided funding/income support system is 
there for needing families. This will be developed in Section 0. 
Kamworks devices all assembled in Cambodia, to develop local 
manufacturing and repair capacity (Kamworks, 2013) 

 Ecological Battery disposal systemised. Kamworks collects and replaces 
lanterns with expired batteries through their distribution 
networks, bringing them to a centralised collection facility in 
Phnom Penh from where they can be recycled.  
Much lesser CO2 footprint and embodied energy over life cycle 
compared with kerosene/diesel based energies (Alstone & Lai, 
2012).  
A sustainable way to transition from the current system of car 
batteries and fluorescent lighting, for those who``  

Recommendation 
With appropriate financing and deployment structure in place, it could be deployed immediately. 
More information on implementation will be provided in Section 13. 

 

                                                           
9
 Based on a cost of US$0.683/kWh, with an average usage of 3.3kWh/month (San, Sriv, Spoann, Var, & Seak, 

2012). 



63 
 

  

 

6.4.2.3 Farmer’s Friend Biodigester (FFBD)10 

  

 

 

Figure 48 Technical Drawing of NBP Farmer’s Friend Biodigester (World Bank & ASTAE, 2010) 

 
  

                                                           
10 Developed by: National Biodigester Programme (NBP) – Department of Animal Production 
& Health 

Phone : +855 023 992 609 
Email :  admin@nbp.org.kh 
Web : www.nbp.org.kh  

Figure 47 – Construction of NBP Farmer’s Friend Biodigester (Photo courtesy of NBP) 

mailto:admin@nbp.org.kh
http://www.nbp.org.kh/
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Table 20 Biodigester Energy Evaluation 

Does it meet key energy need(s)? 

 Reduces health risk with no smoke output 

 Biodigesters can use animal waste as a fuel, thus reducing fuelwood consumption and acting as a 
waste management system simultaneously. 

Does it meet the criteria of an appropriate technology? 

 Culturally 
appropriate 

Biodigesters are significantly different to conventional cook stoves, its 
terms of their inputs (waste), stove top and system design and output (gas 
flame rather than wood flame). This leads to different styles of cooking 
(different tastes when doing so) and different methods of fuel collection.  

 User simplicity and 
safety 

Safe but not so simple for an untrained person. Biodigesters have been 
deployed since 1970s but at 50% the failure rate is high (Bond & 
Templeton, 2011). Reasons for this tend to be technical (leaking, 
temperature and pH irregularity) and lack of consultation with 
stakeholders who will need to be comfortable using devices. To rectify this, 
NBP is distributing user manuals with the biodigesters. Periodic training 
and visits by technicians will also be conducted based upon users demand 
(National Biodigester Programme Cambodia, 2011). 

 Operation and 
Maintenance can be 
met, preferably from 
within the 
community 

Only 25% of Cambodians have technical ability to maintain biodigesters 
and therefore rigorous training needed (Bond & Templeton, 2011). 
Intensive Training Courses towards a semi knowledgeable community can 
be enough to instruct on usage (Hojnacki, Angela et al, 2011).  Input ratio 
must be consistent (approximately 1:1 for fuel:water split) and the amount 
of feedstock must meet the minimum requirement for a bio digester’s size.  

 Uses sustainably 
sourced materials 
and reduces 
dependency on fuel 

Effective way to process and dispose of waste forms.  Can also be designed 
for different inputs (animal waste, plant matter, waste food). Digested 
material can be used as a fertiliser.  
Number of livestock for feedstock is critical however. A 4m3 digester 
requires a minimum of 20 kg daily dung feeding to produce enough 
methane to burn a single burner stove for 3.5 to 4 hours (Bond & 
Templeton, 2011). Use of biogas can approximately replace 6 kg of 
firewood, or 2 kg of charcoal, or 0.7 litre of kerosene, assuming 1.15 m3 
biogas use daily.  
There are approximately 65 cows, 20 pigs and numerous chickens owned 
by Chaom Trach locals (Weber, 2013). Approximate daily dung production 
(National Biodigester Programme Cambodia, 2011): 

- Chicken: 0.02 kg/day 
- Cow: 8.3 kg/day 
- Pig: 1.5 kg/day 
- Human: 0.5kg/day 

Therefore on average, each household would not have enough feedstock 
to maintain a biodigester alone. Collecting fuel becomes an even greater 
challenge when animals are unpenned (Bond & Templeton, 2011).  
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 Community 
ownership and 
equitable access 

Grand total cost of a 4m3 biodigester is US$418.93 (= AU$431.498)11 
including labour and a 2 year guarantee. There is a US$150 subsidy 
available as part of Cambodia’s National Biodigester Program (National 
Biodigester Program Cambodia, 2013).  
This kind of cost means that it will not be possible for every family to own a 
biodigester. Shared community models were considered, where families 
share management of the biodigester inputs and then either have multiple 
pipes connecting the outputs to different households, or a singular biogas 
output for bottling the biogas.  However these systems can be problematic 
technically, financially and managerially (ResearchGate, 2012). 

 Develops capacity to 
facilitate future 
driven improvement  

The use of the biodigester will reduce the amount of fuelwood used 
therefore villagers can devote that time for other activities. Monthly 
savings of $14.39 on fuel expenditures and $4.3 on buying fertilisers 
(National Biodigester Programme Cambodia, 2013). 

Does it meet time and budget constraints? 

 Would it be deployed 
in the 
immediate/short/me
dium/long term? 

Short term.  
 

 Can it be deployed 
equitably within 
AU$20,000 budget? 

No, biodigesters would not be available to everyone. A critical limit of 
livestock would be required to maintain them. More upfront capital 
required which is limits deployment from budget.  
Payment options: upfront or up to 24 month micro-loan through Amret or 
PRASAC-MFI with 1.2% interest and US$150 subsidy (National Biodigester 
Programme Cambodia, 2013). Realistically this is a more likely option for 
wealthier families.  

Does it pass sustainability assessment? 

 Institutional Will require government involvement to access subsidy. RAWimpact will 
act as the intermediary between the loan providers Amret or PRASAC-MFI, 
NBP and the Chaom Trach locals.  
To ensure FFBD can be maintained, Intensive Training Courses towards a 
semi knowledgeable community can be enough to instruct on usage 
(Hojnacki, Angela et al, 2011). A technical training centre for masons has 
been established in Phnom Penh, and the NBP’s Provincial Biodigester 
Programme Offices (PBPO) also runs village workshops and pre-
construction trainings. 

 Financial Higher cost of FFBD makes outright purchase by local buyers more difficult.  
Sucessfully rested rent to own models exist with the NBP-appointed MFI 
(PRASAC or Amret). To ensure a household takes on such a loan, it It is 
recommended that they demonstrate a capacity to save first..  

 Technological Software: Arrange for product demonstration and education on proper 
ventilation by NBP. 
Hardware: Interested individuals can enrol in biodigester masonry course 
run by NBP in a polytechnic in Phnom Penh (National Biodigester 
Programme Cambodia, 2013).  
After sales: 24 months construction work warranty. User complaints can be 
lodged via telephone or mail and the PBPO will send a technician for 
trouble shooting. 
User evaluation and feedback collected by the same person(s) who collect 

                                                           
11

 Exchange rate: US$1 = AU$1.04 (Westpac Banking Corp., 2013) 
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payments  

 Social Benefits: reduction in smoke related diseases, time saving, savings in fuel 
and fertiliser expenditures, soil preservation in using bio-slurry instead of 
chemical fertiliser (National Biodigester Programme Cambodia, 2013) 
To overcome taste issues, could be used in conjunction with NKS. FFBD 
could be primarily used for boiling water.   

 Ecological Reduction in fuel consumption and CO2 emission compared to the old 
stoves. The NBP has been issued Gold Standard carbon credits for three 
consecutive times. The programme has managed to reduce 154,687 
tonnes CO2 emissions from May 2009 through December 2012 (SNV 
Netherlands Development Organisation, 2013). 

Recommendation  
Families with more livestock or higher income can be part of the pilot programme. The pilot program 
can be deployed alongside Goat Schemes, seen in Error! Reference source not found.Error! Bookmark 
not defined. that will supply goat dung as feedstock. If the pilot program goes well from a maintenance 
point of view, the biodigester system shall be extended to cover more households in the village. More 
information on implementation will be provided in Section 13. 
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6.4.2.4 Solar home system (SHS) for the school 

  

 
System designed by:  More Impact UNSW 

 

 

Figure 50 Solar Home System Configuration 

Table 21 Technical specification of the SHS. 
12

 

 

  

                                                           
12

 Please refer Appendix 14 for SHS design 

Figure 49 Possible Installation of the Solar Home System 
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Table 22 SHS Energy Evaluation 

Does it meet key energy need(s)? 

 Lighting and refrigeration 

 The presence of lights at the school will help better facilitate learning activities and enables 
night-time classes to cater for people who do daytime work. The school can then also function 
as a community centre. 

 DC Fridge can be used to store medical supplies such as vaccines. 

 Possible charging outlet for car batteries. 

Does it meet the criteria of an appropriate technology? 

 Culturally appropriate This is technology is considered new to the village. Further 
observation and evaluation needed on the locals’ 
reception/attitude towards the technology. 

 User simplicity and safety Relatively new technology with a more complicated system 
compared to solar lanterns. The system is designed to meet 
the safety requirements based on Australian Standards. 
Access to sensitive equipment (solar modules, inverter, 
charge controller, batteries) should be restricted to 
specialists/technicians with knowledge in electricity 
equipment and basic SHS operations.  

 Operation and Maintenance 
can be met, preferably from 
within the community 

Training in basic electrical principles and solar home system 
operation needed for person(s) who will be responsible to 
maintain the system. 

 Uses sustainably sourced 
materials and reduces 
dependency on fuel 

Uses renewable solar resource instead of using diesel 
powered batteries. Uses valve-regulated lead acid battery as 
energy storage. Care should be taken in handling the 
battery as it contains lead (Pb). 

 Community ownership and 
equitable access 

The system costs approximately AU$8950. It is highly 
unlikely that the locals themselves would be able to finance 
the project. Assistance from NGOs or government needed.   

 Develops capacity to facilitate 
future driven improvement 

Solar lanterns will improve opportunities to education and 
after hours learning activities for people whose daytime is 
spent working. The school can also function as a community 
centre and it will have a DC fridge to store medical supplies 
such as vaccines. 
There is also a possibility for a car battery/mobile 
phone/tablet charging station. Further investigation 
required on this scheme as there are some design and 
organisational challenges to be dealt with. 

Does it meet time and budget constraints? 

 Would it be deployed in the 
immediate/short/medium/long 
term? 

Short to medium term. 

 Can it be deployed equitably 
within AU$20,000 budget? 

Yes, RAWimpact would take on initial cost or provide 
subsidies. 
Possible contribution from the community savings might 
take some time to accumulate. 

Does it pass sustainability assessment? 

 Institutional RAWimpact will act as the intermediary between the Chaom 
Trach locals and MOREimpact, the technical consultants. 
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MOREimpact will liaise with nominated community 
members to organise for system component procurement, 
installation, and initial monitoring/maintenance. 
Maintenance responsibility will then be handed over to the 
trained locals. 

 Financial Due to the high cost of the system, it is highly unlikely that 
the locals themselves would be able to finance the project. 
Subsidies from NGOs or the government required to cover 
the upfront cost. 
Future running cost (O&M) can possibly covered by the 
community from income earned through new income 
generating activities. 

 Technological May require more training/education in implementation 
scheme.  
Experts have to be brought in to initially monitor the system 
then ideally some interested/qualified locals should be 
given proper training to maintain the system. 

 Social Equitable deployment.  
In terms of evolving community needs, the battery is 
designed to be slightly oversized to allow future load 
growth. A new system might need to be brought in if load 
growth surpasses the primary system’s supply capacity. 
Placement of the SHS in the school promotes the school as a 
place for community activities where everyone in the village 
have access to the benefit brought by the SHS. 

 Ecological Battery disposal to be resolved or systemised.  
Much lesser CO2 footprint. 
A sustainable way to transition from the current system of 
car batteries and fluorescent lighting.  

Recommendation 

Part of the short to medium term energy solution. 

Before the SHS is deployed, another option to keep the night-time classes/meetings running is for 
the locals to bring their own solar lanterns to the school. Some extra lanterns will also be bought 
for exclusive use at the school. 

The other option is: after some period of time, the opportunity to pursue new income generation 
and sense of social capital encouraged through school garden/workshops on community 
development and creation of community fund, the mechanisms (both financial and organisational) 
are in place to consider a SHS at school with the added benefits of the DC fridge for health, and 
mobile phone/tablet charging for education. 
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6.4.2.5 Bikes  

Bikes are a cheap and available mode of technology in Cambodia, with approximately 50% 

penetration in Chaom Trach. Standard bikes can be adjusted to become Dual-Purpose bikes, which 

can be used for transport when needed, but when fitted to a pedal power machine in a matter of 

minutes can be used to power mechanical devices including grinders, grain threshers and water 

pumps (Ebenezer).  

The design for this device is open source. Applications for such a product are acknowledge in Section 

10.  

 

Figure 51 Dual-Purpose Bike (Ebenezer) 

6.4.2.6 Mini Grids 

The Royal Government of Cambodia aims to provide electricity for its villages by 2020 using mini grid 

or off grid electricity, and by 2030 see that at least 70% of Cambodians have grid quality electricity 

(Rural Electrification Fund, 2011, p. 4). Mini grids therefore could be an attractive proposition in this 

case, though the high upfront capital cost, technical complexity and challenges in implementation 

mean that they are more of a long term proposition. It is hope that the organisational structures and 

familiarity with electricity consumption and applications.  

  



71 
 

6.4.3 Energy Recommendations  

The initial recommendation of this proposal is therefore:  

 The pico-scale technologies, being the NKS and Moonlight, represent the most appropriate 

immediate solution for Chaom Trach in meeting the most pressing needs sustainably.  

 That using these technologies, in particular the Kamworks Moonlight, will help develop 

familiarity with energy use and solar technologies. The financial and organisational 

structures for implementation will help develop capacity necessary for future development.  

 The biodigester be tended as another option, to be paid off by prospective families via a loan 

and subsidy in the NBP. As there is this existing implementation and training structure being 

used in the NBP, MOREimpact recommends following on from their approach. However, it 

will be highly recommended to families interested in this option pass a test for  

i. Having sufficient feedstock for a biodigester 

ii. Develop a savings habit before they take out a loan through the structures 

recommended by the NBP.  

The option of sharing a biodigester maintenance and combining meal time is something that 

may be considered by close families.   

 As the SHS school system has a very high upfront capital cost, it is unlikely to be 

unaffordable without external funding from RAWimpact. There are also the ownership 

considerations of a shared resource. It is therefore recommended that a SHS only be 

implemented when the community has developed financing and organisational structures 

and stronger social capital, through other shared resources like school gardens. If savings 

habit into the community fund can be proven, RAWimpact may consider offering a grant to 

the project.  

 Bikes are also an appropriate energy option for Chaom Trach and modes of renting should 

be experimented in implementation.   

Once again it is emphasised that this process will be iterated with a higher involvement from the 

Chaom Trach community.  
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7 Drinking Water  
A need has been identified to improve the availability of clean and regular water in Chaom Trach. 

Two cost-effective, simple and ground ready solutions are available and recommended.  

 Earth Tank Water Storage  7.1
Trapping larger amounts of rainwater in an easy, cleaner way will enhance water security for the 

Chaom Trach community, currently operating on untreated groundwater, and water collection in 

ceramic pots.  

The RDIC (Resource Development International Cambodia) Earth Tank is a spherical rainwater tank in 

use in Cambodia, costing only US$75 each and with a 4200L capacity.  The tank’s enclosed, spherical 

design stops light penetration and subsequent algal growth, prevents collection of dirt/debris and 

stops the development of bacterial and mosquito breeding colonies. This will be a vast improvement 

on the current method of catchment in ceramic pots. Earth tanks are constructed from local 

materials (mud, hemp and chicken wire) and are simple to build and maintain. They are inexpensive, 

and have been used extensively in a Cambodian context (RDIC, 2011). Analysing  the relationship 

between inflow and outflow for average Cambodian rainfall patterns, 8L/pp/day, 4.7person family 

and a 50m2 roof space indicates the tank will give water for up to 90 rainless days if used correctly.  

The water will be used by carrying manually in buckets from the tank. A potential value add is to 

have a pump with pipes from the tank to points of use of water (showers, taps). 

From Figure 52 it is clear that during the monsoonal season from May to November, water 

availability does not present as an issue. Furthermore, the minimum water volume in the tank 

throughout the reference year is in March at 2054.6 L, so water security should not present as a 

problem unless water consumption is significantly higher than that of the average family. 

Additionally, requests for information (RFIs) to current Cambodian NGOs confirmed these results as 

more than adequate within the Cambodian context (Resource Development Cambodia, 2009) 
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Figure 52 Variation in water volume in tank over the year for a 4200 L tank, with maximum capacity at the beginning of 
the year 

 

Figure 53 Earth Tank Design, based on listed specifications (RDIC, 2011) 
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7.1.1 First flush system 

A first flush system13 is a simple system that essentially prevents the first flush of water, which may 

contain roof contaminants, from entering the tank. This system could be a value add.  

 Ceramic Water Filters  7.2
The main limitation of the Earth Tank is its dependence on rainfall. Supplementing it with ground 

water will increase water security further. To improve the quality of groundwater, deployment of 

the following RDIC Ceramic Water Filters (Figure 54) is recommended. In their tenth year, these 

filters first physically ‘strain’ any large dirt or bacteria from entering the substrate, whilst the silver 

lining on the inside of the filter kills any microbes that pass through. (Resource Development 

International Cambodia, 2011). Advantages of the ceramic filter are their simplicity and 

effectiveness. They are made locally but with strong quality assurance, inexpensive to produce and 

use local, sustainable resources such as rice husks. Distribution is coupled with an education 

program about the importance of water filtration and linked with a strong follow up from RDIC to 

ensure the technology is appropriate. Filters usually last one year.  

 

Figure 54 RDIC Ceramic Filter (Resource Development International Cambodia, 2011) 

Whilst this filter does not treat for arsenic, the area in Chaom Trach has relatively low groundwater 

arsenic levels (<<2mcg/L). Any low risk will be mitigated by using more rainwater catchment 

(UNICEF, 2009).  

  

                                                           
13

 More information can be found at http://rainharvesting.com.au/products/pre-filtration/first-flush-water-
diverter/downpipe-first-flush-diverters 

http://rainharvesting.com.au/products/pre-filtration/first-flush-water-diverter/downpipe-first-flush-diverters
http://rainharvesting.com.au/products/pre-filtration/first-flush-water-diverter/downpipe-first-flush-diverters
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8 Sanitation  

8.1.1 Household Toilets: Humanure Toilet  

The Humanure toilet (Figure 55) (Jenkins, 2013) is a receptacle that collects human faeces and urine 

which can be added to a compost bin. Its advantages include the fact that it is odourless, is a mode 

of reducing waste and its associated problems, and uses a sanitary mechanism.  

These units can be constructed locally for approximately US$25 providing new jobs and sanitation 

services. Whilst most appropriate for household level deployment, they are easily portable, and 

could be installed at a community level, such as the school. Humanure toilets require willing and 

dedicated person/s with households who are trained, reliable and responsible to operate it ensure 

their field success.  

 

 

Figure 55 Humanure Toilet 

 
Does it meet key energy need(s) ? 

 The key needs met are sanitation and safety 

 Additional provides useful compost byproduct, and is an income opportunity  

Does it meet the criteria of an appropriate technology? 

 Culturally 
appropriate 

The toilet can potentially be made with a squat design as it may improve 
cultural appropriateness. A very simple design would be a hole in the 
ground with a bucket. Another design is to incorporate the toilet and bin 
into one system. The design would be similar to a large hole in the ground 
covered by a well which could made from mud brick. Such a system would 
require two toilets. One would be used and when full it would be covered 
up for at least 6 months, during which the other one would then be used. 
Then that rotation would continue. 

 User simplicity and 
safety 

The Humanure toilet and compost bin is simple to use. In order to mitigate 
the smell in the toilet buckets themselves, materials such as sawdust or 
peat moss should be spread as a top layer whenever it is used. In order for 
this to occur the procurement of this covering material would need to be 
managed. 

 Operation and 
Maintenance can 
be met, preferably 
from within the 

Operation of the toilets and compost bin requires the toilet buckets to be 
emptied whenever they approach getting full, which depends on the 
number of toilets per household and the number of people per household.  
The buckets should ideally be emptied on a daily basis. Other organic 



76 
 

community materials should not be added to the composting toilet but should be 
added separately to the compost bin. As described above, the excreta 
should be covered with sawdust, ash or peat moss in order to prevent 
odours being released. For more details, refer Appendix 4 
This management would have to be demonstrated.   

 Uses sustainably 
sourced materials 
and reduces 
dependency on 
fuel 

Most of the materials to make the compost bin and toilet are listed in 
Appendix 4 Detailed Specifications for Humanure Toilet Maintenance 

 
 
 
 
Appendix 5 and can be sourced from reused or recycled materials. 
Ash from cooking could be used to neutralise odour.   

 Community 
ownership and 
equitable access 

At US$25 Humanure toilets are financially accessible to individual 
households/household collectives over time with strong saving practice.  
The toilets can be located beneath the house. If privacy is desired they can 
be screened off by a divider, located in a separate room or in an outhouse 

 Develops capacity 
to facilitate future 
driven 
improvement 

There is a potential for income generation if the compost is sold directly to 
others or if the compost is used in a garden to produce food, herbs or 
other useful products which can then be sold to others. 

Does it meet time and budget constraints? 

 Would it be 
deployed in the 
immediate/short/
medium/long 
term? 

Short Term 

 Can it be deployed 
equitably within 
AU$20,000 
budget? 

It can be deployed equitably within the AU$20 000 budget. Toilets can be 
constructed for US $25 using recycled materials. Compost bins do not have 
a cost estimate, but should have potential to be within budget, especially 
if constructed from recycled and/or reused materials 

Does it pass sustainability assessment? 

 Institutional Regarding cultural appropriateness, there no strong taboo against waste 

The average person excretes 50L of faeces and 500L of urine per year (Stockholm Environment 

Institute, 2008.) It is recommended that at least one toilet is be used per family, with an 

average of 4.7 people each. Therefore the excreta accumulated per year per family will be 2585 

L. The volume of a bucket is about 40 L. 

The volume defecated per day for an average person = 550/365.25 = 1.51 L. Volume defecated 

per family per day is about 7.1 L. For simplicity, assume that the volume of sawdust added is 

about half that of the volume of excreta. So the volume of material produced per day in the 

humanure toilet is about 10.6 L per family, which is just over one quarter of the volume of a 

bucket. Therefore for an average family the humanure toilet could be emptied up to every four 

days, however it may be preferable to empty it more frequently for the purposes of sanitation, 

reducing odours, and preventing attraction of pests. 
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reported in Cambodia. If any stigma exists then the systems may take 
some getting used to but it is a definite improvement to the existing 
situation. 

 Financial The financial requirements can be potentially be very low if recycled 
and/or reused materials are used so it is suggested that this be done. 
Additionally the villagers construct and maintain the toilet and compost 
bin themselves. Any upfront costs can potentially be supported by 
financial arrangements such as leasing systems. 

 Technological The system is technologically feasible, being easy to construct and 
maintain 

 Social The toilet should increase overall social capital through increased 
livelihood of families, better safety and sanitation; potential income 
generating opportunities from making of toilets and potential longer-term 
wood source for maintenance and construction of new systems could be 
sourced from a short-rotation forestry plantation, which in turn could 
generate jobs. 

 Ecological  Regarding ecological capital, the humanure toilet system closes the food 
cycle by putting compost back to soil. 

Conclusion/Recommendation 

 If local production can be established, these units should be available in Chaom Trach within 
a short term basis 

 

 

  

The average person excretes 50L of faeces and 500L of urine per year (Stockholm Environment 

Institute, 2008.) It is recommended that at least one toilet is be used per family, with an 

average of 4.7 people each. Therefore the excreta accumulated per year per family will be 2585 

L. The volume of a bucket is about 40 L. 

The volume defecated per day for an average person = 550/365.25 = 1.51 L. Volume defecated 

per family per day is about 7.1 L. For simplicity, assume that the volume of sawdust added is 

about half that of the volume of excreta. So the volume of material produced per day in the 

Humanure toilet is about 10.6 L per family, which is just over one quarter of the volume of a 

bucket. Therefore for an average family the Humanure toilet could be emptied up to every four 

days, however it may be preferable to empty it more frequently for the purposes of sanitation, 

reducing odours, and preventing attraction of pests. 
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9 Waste Water Systems 
A hose or drip irrigation system could be connected from the tank to a garden. Drainage pipes could 

also be connected from water outlets in the house (e.g. sinks and showers) to be used in a grey 

water system. A less expensive but more labour intensive option may be to simply dispose of any 

water used by collecting in buckets and emptying outside, which could be used on a garden. 

Drainage pipes could also be connected directly from the gutter to water inlets for devices in the 

house (e.g. showers and taps). The drainage pipes could be increased in volume by wrapping around 

the house, or having bends with multiple passes. The drainage system would be gravity-fed. All of 

these options are suggested as value-adds and are not included in the final costing for the proposal. 

10 New Economies  
It has already been identified that opportunities to improve job opportunities are particularly 

needed in the dry season, where for months of the year, unemployment rises significantly.  The 

opportunities available will depend significantly on demographic, structure and potential. The two 

main forms of job diversification are common pool resources (CPR) (which include rice cultivation, 

livestock, forestry, and fish colonies) and self-employment opportunities (construction, handicrafts, 

small business). The feasibility of these opportunities will depend largely on community interest and 

knowledge of local ecosystem services, access to upfront capital and household size/ age structure. 

People living in vulnerability generally “maximise income in step with production factor they are able 

to dispose of in relatively less quantity” (Diepart, 2010, p. 338) finding this balance will be key in 

determining the most appropriate opportunities for new economies in Chaom Trach.  

The added value of fishery and forestry activities are 18% and 15% respectively in other communes 

analysed in the Kampong Thom region. These results emphasise that integrating these activities in 

community development “  in addition to being environmentally sound, generates significant value 

adding in the livelihoods of rural communities” (Diepart, 2010, p. 326) Access to CPR results in a 

more even income distribution for poorer families than from farming income alone,  improving food 

security and nutrition in the case of seasonally rotated crops (Diepart, 2010, p. 331) Beyond income 

balancing, access to non-farming strategies drives socio-economic differentiation for households in 

the long term, can improve organisational structures in a collective, and improve social capital. 

Other benefits associated with community management in Kampong Thom thus far include 

sustainable management and protection of biodiversity and risk coping. Facilitating opportunities 

geared towards income security diversification is a practical strategy to reduce vulnerability and 

allow people to direct their assets other creative, educational and political pursuits. These kinds of 

pursuits are in kind the steps to the true freedoms of development (Sen, 1991)  

Many of the questions that need to be answered regarding such agricultural systems, particularly 

that on a large community level, are generally in relation to ownership. Community scale crops and 

fields may have issues relating to land and water use, so it is wise to sort out land ownership before 

implementing such schemes. This is not necessarily limited to the field itself, but perhaps also the 

land from which water is pumped or even the catchment area itself. Where there is ambiguity about 

land ownership, issues could arise where someone else claims ownership over the crops produced, 

and this could result in theft or property damage.  
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Successfully managing CPR depends on a number of factors. The Eight Design Principles of CPR are 

commonly acknowledged as (Ostrom, 1990) : 

i. Clearly defined boundaries over who participates and is entitled to participate.  

ii. Congruence rules that are adapted to local conditions and norms 

iii. Collective-choice arrangements; individuals affected by rules participate in 

forming/modifying them.  

iv. Monitoring and accountability  

v. Graduated sanctions who those who should violate rules and actors in place to apply 

them 

vi. Conflict-resolution mechanisms that are affordable and accessible  

vii. A community’s ability to organize and manage are respected by higher authorities  

viii. Nested enterprises; particularly for larger CPR, in the form of multi-tiered 

organizational structures. 

Cooperation is made easier with, with homogenous attributes, similar interests and views of the 

problem, mutual trust, and strong leadership and organisation networks (Ostrom, 1990). Part of 

assessing the appropriateness of CPR for Chaom Trach will involve surveying the existence of these 

attributes. Smaller numbers of participants also make distribution of responsibility easier, so this 

approach is recommended in the planning and actioning phases.  Collectives with small land holdings 

tend to produce more per hectare than those with large holdings, as the labour-land ratio is closer, 

and this might be most appropriate for Chaom Trach.. Tragedy of the Commons Scenarios (Hardin, 

1968)  can generally avoided with low population density in rural areas places less pressure on land 

fertility and reduces risk of conflict. Sharecropping in combination with land rental is a population 

strategy in communes surveyed in Kampong Thom, allowing different parties to share labour and 

risk (Diepart, 2010, p. 336). For those households participating, working for cash or service exchange 

could be appropriate depending on the assets of different participants.   

Whilst CPR under government authority they are predominantly under the management of peasant 

communities, as governments lack the financial and human resources to manage them, these 

dynamic may be changing in Cambodia. Given the food security prerogatives following the Khmer 

Rouge, there was significant subsidisation of agricultural processes. Post war land acquisition from 

immediately allocated to those with capacity to use it. However, today permission is required from 

local authorities to use it, which requires financial and political capital and recent land laws are 

challenging prior collective agreements. A shift to private over community management may provide 

greater upfront financial capital, but it means that trust linkages and social capital is weaker -  

something that has been key in the patronage systems of community management. More thorough 

research into the institutional and legal arrangements for Chaom Trach must be conducted before 

proceeding.  
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 Community Based Livelihoods  10.1
 

Table 23 Aquaponic Crop Rotation  

Description:  Transform nearby lake into an aquaponic fish farm for the villagers by building a 
windmill-driven or photovoltaic pump to cycle oxygenated water, and introduce 
a fish species that is easily bred (see figure 2). The constantly cycled oxygenated 
water prevents algal blooms and allows fish to live near the bottom (Morgan 
Winds, 2008). A rice paddy crop rotation could be included along the shoreline 
during the wet season in order to provide food for the fish, while the fish 
provide weed control and nitrogen and phosphorus to the rice. Legumes can be 
planted during the dry season to fix nitrogen in the soil for the next wet season 
rice crop.  

Inputs:   Materials for windmill and pump 

 Labour 

 High yield fish species 

 Rice seed 

 Legume seed 

 Maintenance 

Outputs:   Edible fish that can be sold and eaten by workers 

 Rice crops 

 Legumes 

Consideration for 
Implementation:  

 Seasonal changes (dry season). This may be a serious problem if the lake 
dries up to a level that would kill all the fish and ruin the pump. 

 Ownership. The problem of maintenance and permits to fish are a problem 
that must be addressed by the village. 

 Laws. According to Cambodian laws, the issue of ownership may make this 
project unfeasible as we do not know who owns the land where the lake is 
situated. 

 Low wind resource may make the PV pump more feasible, despite the 
number of cloudy days. 
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Figure 56 Aquaponic System (Morgan Winds, 2008) 

Table 24 Short Rotation Forestry  

Description:  Seeding and growing a short rotation forest (SRF) for use as building material or 
fuel. Pine trees are normally used for this due to their capacity for growth with a 
rotation period of anywhere between 3 and 10 years (Mitchell, Stevens, & 
Watters, 1999). This makes SRF a long-term solution and should be piloted first. 
Bamboo plantations may also be developed for use as building and weaving 
materials. Bamboo grows incredibly fast and is easily managed in tropical 
regions (Singh & Singh, 1999). This avoids the use of wood from forestry that is 
degrading the land and destroying the environment, both locally and globally. 

Inputs:   Setup – seeds or saplings, land, other setup tools 

 Ongoing – Water, fertiliser 

 Labour 

 Harvesting tools 

Outputs:   Wood or bamboo 

Consideration for 
Implementation:  

 Land ownership issues will arise with the current Cambodian government 
laws if the SRF is planted on land that is not owned by the village 

 The setup costs for this scheme may be too high for the village 
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Table 25 Macro Crops 

Description:  Crop rotation has the advantage of preventing erosion and avoids the build-up 
of pathogens and pests that are characteristic of crops in which a single species 
is continually sown and harvested. It also improves soil structure and increases 
fertility. Crops are normally rotated with nitrogen-fixing plants such as legumes 
in order to improve successive crops in a natural way (Schmidt, 2008). Food 
crops can be planted to increase village food security while cotton crops could 
be planted to increase income and be used to tailor cloth.  

Inputs:   Water (relatively high inputs) 

 Watering system (may be manual but must be somewhat efficient) 

 Labour 

 Fertiliser 

 Seeds/saplings 

 Maintenance (weeding) 

 Land 

 Harvesting tools 

Outputs:   Food, cotton or other income-generating yields 

 Compost or animal feed from food waste 

Consideration for 
Implementation:  

 Ownership of land and crops  

 Protection from animals and disease 

 Amount of land needed for crops 

 Setup costs 

 Plants should be chosen with the greater Cambodian environment in mind, 
native if possible, and most importantly should not pose a threat to other 
plants in the ecosystem, or spread and become a pest.  

 Crops should be appropriate for the Cambodian climate, have low soil needs 
if possible, and have straightforward maintenance.  

 Plants with more than one use are also recommended for income 
diversification.  
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 Small Scale Livelihoods  10.2
Table 26 Permaculture and micro crops 

Description:  Small scale crops that can be grown and harvested on a single family-owned 
block of land. This may be in small garden trellises, fenced-off areas on the 
ground or even in hanging plastic bottles converted into hanging wall gardens. 
These permaculture solutions will help ensure the food security of households 
which is a major issue in Chaom Trach. 
Crops could be grown at a household level, or as a community project at the 
school.  

Inputs:   Seeds 

 Fertiliser 

 Water 

 Maintenance (e.g. weeding) 

 Materials for making boxes, garden areas or hanging trellises 

Outputs:   Food 

 Compost or animal feed from food waste 

Consideration for 
Implementation:  

 Availability of materials for: 
o Setup costs – seeding, structures for plants 
o Running costs – water (during dry season), fertiliser  

 Flood damage (for ground gardens) 

 Overwatering from extended periods of rain 

 Protection from animals and disease 

 Similarly to Table 27, crops should be carefully selected for Cambodian 
context.  

 

 

Figure 57 Wall Garden 
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Crops with a high nutritional value that can be grown as micro crops are given in Appendix 7, with 

average crop yields included in Appendix 8.  

Both macro and micro crops will need a high water input. For more information on creating closed 

loop water systems, please refer  

Table 27 Goat Scheme  

Description:  Using goats as a source of food and income. Goats have a higher survivability 
than pigs from disease and much lower capital and upkeep costs than cows, plus 
goats regularly birth twins. Offspring can be sold to others in order to expand 
the scheme to other families and generate income. A healthy dairy goat can 
typically produce 16 cups of protein rich milk a day, which can be used as milk, 
yoghurt or cheese, and consumed, sold or traded (World Vision Inc., 2013). Goat 
manure can be used on household gardens or as fuel for biodigesters, enabling a 
constant source for those with pilot biodigesters. 

Inputs:   Goats (male and female) 

 Feed for goats 

 Animal housing 

 Daytime observation 

Outputs:   Milk 

 Meat 

 Kids 

 Manure 

Consideration for 
Implementation:  

 Ensure there are both male and female goats so they can breed 

 Fence off gardens and micro crops to deter goats from eating them 

 

Table 28 Carpentry  

Description:  Development and use of a person’s skill with woodwork to create products to 
sell. Converted bicycles can be used as saw blades or lathes. Use of bamboo for 
some small-scale construction would also be useful. 

Inputs:   Wood 

 Bamboo 

 Labour 

 Lacquer oil 

 Woodworking tools 

Outputs:   Furniture 

 Humanure toilets 

 Temporary garden beds 

 House repairs 

 Construction (animal housing, toilet block) 

 Bamboo frames for hanging gardens or a swing for the children 

Consideration for 
Implementation:  

 Skill development will be needed 

 Setup costs may be an issue, however the area for the workshop can be 
built with the house 
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Table 29 Citronella Products  

Description:  Grow citronella plants which can be used for insect repellent as the plant grows 
naturally, as oil and as candles. The oil can be extracted through water 
distillation of plant parts and the candles can be made by infusing the oil with 
the wax. Both of these processes are relatively simple, although the issue arises 
with the price and availability of wax. The water extraction will need a slow-
cooker of some sort to keep the water warm which is another issue as there 
may not be enough solar insolation during the wet season to use solar cooking 
as an option. 

Inputs:  To Grow Citronella: 

 Citronella seeds/saplings 

 Soil Allocation  

 Water 

 Garden beds, trellises  
Extraction: 

 Citronella plant cuttings 

 Water 

 Covered vessel for keeping the water hot 
Candle making 

 Wax 

 Wicks 

 Citronella oil 

Outputs:   Citronella Plants 

 Citronella Oil  

 Citronella Candles 

 Can be distributed on a village scale locally 

 Value may be captured by exchange for food 

Consideration for 
Implementation:  

 Health (minimal risks in light of benefits)  

 Cultural suitably  

 Not a known weed anywhere in the world 
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Table 30 Launderer or Clothier 

Description:  Someone who is paid to wash and/or repair others’ clothes.  

Inputs:  Launderer 

 Water 

 Detergents or soaps 

 Bucket or other washing container 

 Other clothes washing tools (scrubber) 

 Clothes lines in both weather-protected and sunny spaces depending on 
weather 

Clothier 

 Spare cloth of different colours 

 Twine or string 

 Needles and other sewing implements 

Outputs:   Clean clothes 

 Grey water (can possibly be used on gardens) 

 Repaired clothes 

Consideration for 
Implementation:  

 Setup costs should be minimal 

 The demand for a launderer may not be high enough 

 Clothier may also need to be able to repair leather 

 
Table 31 Potter 

Description:  Using clay or mud to create ceramics for use in households. Things such as plant 
pots, garden trellises, Neang Kongrey cook stoves (GERES, 2009) and other tools 
can be made and sold to households. 

Inputs:   Clay or mud 

 Potting tools 

 Labour 

Outputs:   Pottery products 

Consideration for 
Implementation:  

 Somewhere dry with weather protection is needed to house the pottery 
production materials and tools 

 
Table 32 Basket Weaver 

Description:  Using bamboo to weave baskets or walls. Would be useful for home repairs, 
handicrafts.  

Inputs:   Bamboo strips, possibly from Bamboo crops.  

Outputs:   Walls 

 Baskets 

 Other woven objects 

Consideration for 
Implementation:  

 Will need a source of bamboo nearby 

 Some instruction required 
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11 Transportation 
Many people identified the roads as a factor limiting Chaom Trach’s development. Whilst needed 

upgrades must come from a government directive14, such a proposal could offer employment 

options for villagers, particular in the dry season.   

Increasing access to bikes, potentially on a shared basis, is a more viable short term option, being 

the cheapest and most readily available form of local transport in Chaom Trach.  

12 Education  
Education is aspect of life in Chaom Trach within which women in particular have identified the need 

for improvement. Fore with are some practical suggestions to address this need:  

Table 33 Suggested solutions to improve educational systems 

Concern Suggested Solution 

Lack of governmental support 
(funding teacher staff) leads to 
erratic schedules for class 

A financing model includes the setup of a community fund which 
could be used to fund projects in the community interest – one of 
these might be a teacher salary. This model will be detailed in 
13.6.2.5 

Distance to upper secondary 
schooling 

A medium term option is the expansion of the school and 
employment of additionally teaching staff to teach higher grades. 
However, in the short term, increasing bike penetration (currently 
at 50%) will make it easier for students to get to school. 

Children absenting from school Children tend to miss school because the help is needed at home, 
or the interest is not there. Through jobs diversification and 
financial strategies detailed to help boost family income will 
hopefully offset the first issue.  
Improving the sense of community around the school, via projects 
such as community gardens, will create positive association with 
the school, and potentially could be used to support a school 
meals program to encourage attendance.  
It is critical for any implementation process to involve children, as 
they are the future of Chaom Trach.  Gardens could be a simple 
yet meaningful way to achieve this.  

Continuous education With technologies such as the Moonlight facilitating new 
opportunities to learn in the evenings. Such initiatives would be 
community driven. Value adds such as Figure 38 provide 
additional learning space other than the school.  

 

 

 

                                                           
14

 Roads are traditionally a public good administered by government. However, even if they are not we will 
consider road upgrades to be beyond the scope of this report  
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13 Implementation Plan  

 Project Systems  13.1
Figure 58 presents one vision of the system of proposed activities for Chaom Trach. Project functions 

have already been provided. Implementation Strategies will be detailed in 13.4 and 

financing/deployment strategies will be provided in 0 

It is not proposed that this system, or any of its subsystems, be accepted by the community. The 

whole report thus far has analysed and recommended different sustainability strategies based on 

the preliminary needs assessment of Chaom Trach. Using the simplicity of the diagram below, in 

conjunction with the detail already provided, it is intended that the community of Chaom Trach 

choose and facilitate their own chosen livelihoods.  

 

Figure 58 Project Activities, An Exaggerated System 
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 Expected Community Impacts 13.2
In order to project community the community impacts of proposed technologies, and iteration of the Sustainable Livelihoods framework was performed, to 

reflect the assets of Chaom Trach at the conclusion of the short term mark. This is seen in Table 34. 

Table 34 Application of Sustainable Livelihoods Framework after introduction of immediate and short term recommendations 

Livelihood 
Assets 

Micro (intra household) Micro (inter household) Meso + Macro Policies, Institutions& 
Process  

Vulnerability Context Livelihood 
Score15 

Natural  Micro crops at a household level 
(vegetable garden, citronella crop.)  
Goat scheme.  
Compost or apathogenic waste 
from biodigester can be used as 
natural fertilisers.  
Access to reliable clean drinking 
water through rainwater tanks and 
filters.  
Grey water systems to support 
crops.  

Aquaponic system.  
SRF.  
 

Improved 
efficiency 
stoves reduce 
dependence 
on forestry.  
 
Alternative 
lighting 
solutions 
reduce 
dependence 
on fossil fuels. 

Land tenure and title 
may restrict access to 
aquaponic/SRF 
system or project may 
be under political 
radar.  
Cultural norm in 
collecting and using 
sanitised waste.   
Current employment 
may make managing 
alternative 
agricultural systems 
difficult.  
Lack of knowledge 
regarding different 
water qualities may 
limit effectiveness of 
rain/grey water 
systems.  

Floods and typhoons 
may destroy land, 
produce and forests. 

Income 0.8 
Well Being 0.5 
Vulnerability 0.8 
Food Security 0.9 
Natural Res.0.9 
Total 3.9 

Social Dwelling provides social spaces to 
foster connections. 
 

Strengthen central role of 
elder governance. 
Communal projects such as 

Improved 
communicatio
ns.  

Mobile phone use and 
coverage is an 
enabling factor.  

Be aware that change 
on a social level may 
be slow, and may not 

Income 0.9 
Well Being 0.9 
Vulnerability 0.8 

                                                           
15

 Livelihood scores were an intuitive evaluation of the status of the different assets, relative to stage of implementation, relative to Cambodia. 
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Empowerment of different 
individuals (especially women) to 
contribute opinions in the planning 
process.  

community gardens at the 
school/ Create more 
connections between 
community members. 
Lighting provides 
opportunity to use 
communal facilities (e.g. 
.school) as a socialising 
opportunity to improve 
social capital.  
Savings groups increase 
trust.  

Current 
governance/communi
ty structure may not 
be flexible to change.  

make everybody 
happy, particularly 
where gender roles 
are concerned.  

Food Security 0.9 
Natural Res.0.8 
Total 4.3 

Human Improved health as a result of 
weather protection, decreased 
exposure to smoke, contaminated 
water  
Encourage family to send children 
to school for educations.  
Lighting solutions increase ability to 
be productive/educate at night.  

Ensure people are 
educated – competitive 
advantage of skill sets. 
Lighting provides 
opportunity to use 
communal facilities (e.g. 
school) as a socialising 
opportunity to improve 
education opportunities.   
Improved life expectancy 
of village.  
 

 Still a lack of skilled 
labour.  
Still a lack of national 
health coverage.  
Education 
opportunities still 
reliant on the teacher 
being present.  

Health of the 
individual and 
environmental 
conditions affect 
labour opportunities, 
more so that than 
political economies.  
Income priorities limit 
education.  

Income 0.7 
Well Being 0.9 
Vulnerability 0.7 
Food Security 0.5 
Natural Res.0.5 
Total 3.3 

Financial Enable members of family to use 
new household facilities for income 
producing activities. 
If dwelling and energy approaches 
reduce vulnerability, people have 
more opportunity to be productive 
and creative.  
Lighting facilitates income 
generating capabilities at night. 

Introduce central banking 
for village.  
Lighting provides 
opportunity to use 
communal facilities (e.g. 
school) as a common space 
for expanding financial 
projects for the community 
using share fund.  

Long term 
positive 
change in 
Cambodian 
HDI  

Lack of trust for 
community banking, 
and may not work.  
Current mentality 
towards financial 
management  

Improved capacity to 
save leaves families 
less vulnerable, 
especially to child 
trafficking.  

Income 0.8 
Well Being 0.8 
Vulnerability 0.8 
Food Security 0.8 
Natural Res.0.7 
Total 3.9 
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Income liberated that would 
previously have been spent on 
kerosene/petrol. Some funds will 
be redirected immediately to new 
technology. Liberated time/money 
collecting less fuelwood.   

Influence of extra funding 
present in community.  
 

Physical  New and improving dwelling  
NKS  
Kamworks moonlight and Mobile 
Phone Chargers  
Biodigester 
RDIC Rainwater Collection Tanks 
Humanure Toilet and composting 
system.  
 

School building, solar 
Home Systems and micro 
crops.  

 Local lighting 
electrification won’t 
increase 
governmental interest 
in expanding grid 
electricity access. Will 
most likely take just at 
long. 
Community may 
reject technology, or 
operations and 
maintenance may 
pose too great a 
challenge due to 
ownership issues/ lack 
of technical skills.  

Weather damage 
threatens dwellings 
and water supply. 
Wood fire stoves 
dependent on 
forestry.   
 

Income 0.6 
Well Being 0.9 
Vulnerability 0.6 
Food Security 0.5 
Natural Res.0.7 
Total 3.3 
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Figure 59 SLF before strategies applied 

 

 
Figure 60 SLF after strategies applied 

 
Figure 59 and Figure 60 compare the level of different capitals after the introduction of proposed 

strategies. Whilst these measurements are only a quantitative attempt to capture qualitative 

qualities, they still provide an appreciation of the ability of this project to influence development 

outcomes. 

 Project Sustainability 13.3
Sustainability Assessments have been conducted for major technology proposals thus far in the 

report. A holistic analysis has been performed to consider the sustainability of the entire project in 

light of its intended goals and the major concerns.   

Institutional  The focus on strengthening organisational structure  
RAWimpact will be the initial funding, skill and labour source. The 
Cambodian government will not be taking part in any part of this 
development other than laws and regulations. It has been planned for the 
village to be self-sufficient so there will be minimal impacts when 
RAWimpact exits. 

Financial  To encourage a strong sense of ownership, there will be a strong focus on 
community funded solutions that still remain accessible; with low rate 
rental rates available. Savings groups and community funds with 
strengthen financial sustainability, and provide the opportunity to invest 
income into other projects.   
When saving can be demonstrated, and capital cost RAWimpact will assist 
with subsidisation, though this strategy is not as sustainable into the long 
term future.  

Technological  Much of the technology implemented will be locally available in Cambodia 
for both purchase and maintenance. Skills essential to the operation of 
some technologies will be taught to the villagers through people brought 
in by RAWimpact. The way technology will be implemented will allow the 
people of Chaom Trach the option to choose what they want rather than 
locking them into a set framework. This will promote innovation from 
villagers. 

Social This is a very community-centred approach to the issues in Chaom Trach. 
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The process of developing visions and plans as a community will promote 
social capital. Ownership is an overarching issue and has been addressed 
by the use of pico-solar products and ensuring the communal projects are 
maintained properly through administrative and governing structures. 
Allowing choices of what technologies to use rather than following a set 
framework will promote diversity and a sense of self among villagers 
while also addressing some ownership issues. 

Ecological  The plan is to facilitate Chaom Trach becoming as self-sufficient as 
possible while minimising environmental impacts. Short rotation forests, 
self-sufficient crops and battery collection by Kamworks are ways of 
ensuring the future of the environment around Chaom Trach. A reduction 
of fossil fuel dependent technologies is encouraged in this project.  

 

 Detailed Implementation Plan  13.4

13.4.1 Implementation Wheel  

Figure 61 The Implementation Wheel, a recommended model for approaching development 

projects. The develop of this model has taken influence from models currently in use at Empower 

Projects and Bushlight India, in their participatory models that start capacity development right at 

the start of the development train. In a significant proportion of development literature, capacity is 

mentioned mostly in strategies for executing a strategy, than the process of choosing one. 

Community involvement in the implementation process right from the start is critical in that 

 The needs identified by the community will often be the most relevant ones 

 Taking ownership in the process leads to ownership in steps further down the train  

 In this process skills in organisation (e.g.  (Meeting facilitation, record keeping, project 

management and administration) are built, to enable problem solving structures and the 

“fashioning of (community) solutions” (ASMA, 2013, p. citing Morales) 

 More often than not, communities have a strong existing capacity, and utilising this and 

existing community institutions will see a more appropriate and resilient strategy arrived 

upon.    

Each step of The Implementation Wheel is summarised below broadly. This approach has yet to be 

applied and requires fine tuning for specific communities, not just Chaom Trach. Patience at an early 

stage in particular is required to make sure the best community outcome is achieved.   
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Figure 61 The Implementation Wheel 

 

Table 35 Implementation Plan 

Approaching 
 
Initial 
Meeting 
with 
community16  
 
 

Present: RAWimpact representatives (Troy Roberts/Alex Webber), community, translator 17 
Reaffirm project goals within team and be clear about the scope of the scheme and more 
explicitly time frame commitment  
Connect with local governments and institutions as to vulnerable communities in the area, 
and if the MOREimpact model is appropriate.  
Organise a village meet to initiate dialogue on the possibility of a join project. Use the 
school/large common space for a venue for this and other future group meetings. Be clear 
about scope of partnership and what the goals are. Be clear on community expectations. 
Break into small groups for discussion and go a village walk to engage with those who have 
not attended the meeting. Take a participatory approach in gathering the information, 
trying to reflect opinions from all ages and genders. 
At the end of the session, take nominations for village facilitators, to undergo training 
before returning for vision workshop in a month. Liaise with village elders to help encourage 
self-nomination of different community members to act as facilitators during the 
workshops. Have a gender and age quotas, making sure there is at least one male, one 
female, one young, one older, one richer, one poorer demographic covered in nominees. 
There should ideally be one facilitator for every 10 households.  
It is advised to begin this process during the dry season and vary times of day to include 
greatest number of participants.  

Training   
 

Present: RAWimpact representatives (Troy Roberts/Alex Webber), community facilitators 
translator, expert in facilitation (organisational psychologist, ideally Khmer) 

                                                           
16

 In the case of Chaom Trach, some components of ‘Approaching’ have already taken.  
17

 If Alex Webber is present, a translator will not be needed.  

Approaching 

Training 

Envisioning  

Planning 

Reviewing  

Enacting 

Evaluating  

Exiting 
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Training the 
Facilitator 
Sessions  

Once facilitators are chosen, begin a series of consecutive sessions, sharing knowledge on 
community engagement and art of facilitation. Together design custom vision workshops in 
collaboration with village facilitators. Via their input, otherwise hidden cultural codes would 
be overlooked. These could involve choices like choosing the best time of day, the number 
of sessions.  The community is also likely to respond well to one of their own.  
Workshop structures will vary according, and will likely include variety. It is important to 
discuss how spaces/groups/subgroups can be set up to maximise interaction, how food 
breaks should be structured and provided.  
Ensuring that the majority of groups can be represented is an important part of this process.  
It is recommended that food for workshops is provided by community, and is not used as a 
bribe to get individuals to meetings.   
Discuss method of recording the outcome of the workshops.  

Envisioning Workshop 1 
Present: facilitators, community, community scribe   
Vision workshop led by facilitator in mode structure determined during the ‘Training’ phase. 
The vision workshops will: (ASMA, 2013) 

i. Identify the community and interests, in relation to individuals and the broader 
environment, socially, economically, politically and ecologically.  

ii. Naming the core needs that are most critical to the common/different interests of 
the group(s). Understanding context of these issues, both past and short-long term 
future. 

iii. Assess the forces enabling and acting as barriers to this issues, and in so doing arrive 
at possible points of intervention  

Ideally, this workshop will be free from external presence, unless requested.  
An attendance and minutes should be taken for accountability.  
This entire process will be an act of capacity development it itself,  

Planning  Workshop(s) 2 
Present: RAWimpact representatives (Troy Roberts/Alex Webber), facilitators, community, 
translator, technical consultants (MOREimpact), experts in community organisation and 
financing (ideally Khmer) 
Through workshops community develop action plans to meet core needs based on existing 
capacity, strengths and weaknesses.  
Technical consultancy and action plan critique is available from MOREimpact as this stage of 
the process, who will have background brief and a list of potential opportunities.  
Tools for communicating will include housing models (Appendix 12) , project systems 
diagram (Figure 58) 
Questions for the community will focus on trade-offs in realising their visions: 

i. “What is most important?” 
ii. “How much would you be willing to pay” 

Ideally a meeting point will be met.  
Ultimately community must decide the best suited option18  
Once systems are chosen, the action plan must be completed by detailing a specific 
implementation structure including (but not limited to)  

i. Organisational Structure (specific roles ) 
ii. Financial Structure (specific roles, fees, penalties) 

iii. Time Frames 
iv. Operations and Maintenance 
v. And various roles within this. 

                                                           
18

 It is quite possible that the planning workshop will be split into multiple session, if more information is need 
to plan appropriately 
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Reviewing Workshop 3 
Present: RAWimpact representatives (Troy Roberts/Alex Webber), facilitators, community, 
translator, technical consultants (MOREimpact),  
Action plans are submitted for review to RAWimpact for approval (budget, appropriateness 
of community expectations, continuity of action plan etc.). These are then resubmitted to 
the community, with additional recommendations if needed (such as sensitisation visits, 
piloting options). Fluidity is important in this process.  

Enacting  Present: RAWimpact representatives (Troy Roberts/Alex Webber), community, various third 
parties (e.g. Kamworks, volunteers) 
The action plan is placed into action. 13.6.2 is an example of how this might occur.  

Evaluating Present: RAWimpact representatives (Troy Roberts/Alex Webber), community, facilitators, 
MOREimpact 
Monitoring and evaluation by RAWimpact who will maintain a strong presence in the village 
for the first month, then step back to monthly visits.  
It is recommended that workshops structure reconvenes annually to review progress, add to 
action plans if needed.  
Surveys can be conducted on a quarterly basis by nominated community members. More 
information about surveys will be detailed about this in Appendix 11 and section 13.8 

Exiting  Present: RAWimpact representatives (Troy Roberts/Alex Webber), community, facilitators,  
The philosophy of this project’s implementation is developing community capacity in 
organisational, technological and financial management. Being patient at the start, and 
developing capacity small step by small step. As time goes on, it is hope that lessons will be 
learned and models improved upon. By the time RAWimpact comes to exit the community, 
the skills for visioning, planning and enacting will be in place WITHIN the community.  
RAWimpact’s relationship with Chaom Trach and other communities has yet to be date 
stamped. MOREimpact proposes that their implementation model would be more 
sustainable in the long term, if a time frame for community involvement was identified in 
the approach phase.  

 

13.4.2 Implementation Time Frame  

Below are some recommended time frames for the implementation of various infrastructure and 

technologies. In reality such a plan would be iterated many times, with community input: 

 Need Present  Immediate Short Term Medium 
Term  

Long Term  

Dwelling Dwelling  Some form of 
shelter, but 
problematic 

New 
Homes for 
the most at 
risk 
families 

Value Adds 
realisable, 
more houses 
built  

Value Adds 
realisable, 
more houses 
built 

? 

Energy Cooking  Fuel wood, 
LPG, biogas  

NKS NKS, 
Biodigesters 

NKS, 
Biodigesters  

? 

Lighting  Battery + 
fluorescent, 
kerosene, 
biogas 

Kamworks 
Solar 
Lantern 

Kamworks 
Solar 
Lantern, SHS 
for school 

Kamworks 
Solar Lantern, 
SHS for 
school, 
families who 
would like to 
expand 
electricity 

Mini grid 
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supply 

Small 
appliances 
(e.g. mobile 
phones)  

Battery Kamworks 
Solar 
Lantern 

Kamworks 
Solar 
Lantern, SHS 
for school 

Kamworks 
Solar Lantern, 
SHS for 
school, 
interested 
wealthier 
families. 
More SHS 
available to 
charge 
tablets? 
Educational 
tools.  

Mini grid 

Large 
Appliances 
(e.g. 
refrigeration) 

X X DC Fridge for 
school.   

X Mini grid 

Agriculture X X Manually 
powered 
technologies 
(bike pumps, 
wind mills) 

Electronic 
Charge power 
tools with 
SHS, solar 
pump  

Electronic 
Charge power 
tools with SHS, 
solar pump 

Hydraulic 
Systems  

X Gravity fed 
systems  

Gravity fed 
systems 

Solar pumps   

Transport Foot, Bikes, 
Motorbikes 

    

WASH Sanitation  Pit Latrine Pit Latrine Humanure 
toilet  

  

Water  Groundwater 
pump, open 
rain 
catchment in 
pots 

Earth tanks 
rain water 
tanks, 
Ceramic 
Water 
Filters 

   

New 
Economies 

TBC 
dependent on 
village interest  
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 Training and Capacity Development Plan 13.5
 

Capacity Development is defined as the development of skills/knowledge/structures required for 

people/communities to command and organise their own present/future livelihoods resiliently. The 

implementation approach recommended is strong focused on internal community structures for 

organising and planning, and working with existing community strengths and structures. This project 

draws especially on  

i. Organisational approaches: focus on at community planning strategies such as workshops, 

and structures for organisation/financing/management etc.  

ii. Participatory approaches: focus on empowerment within processes by encouraging active 

involvement of various community members at all stages of implementation process, from 

visioning, to enacting, to evaluating.  

The capacity pyramid is an approach for analysing the different layers of capacity in a project 

and is applied here:  

 

 

Figure 62 Analytical Framework: The RE Capacity Pyramid (To, 2013) 
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Table 36 Application of the RE Capacity Pyramid 

Tools Demonstrations and pilots of different proposed technologies (e.g. 
Kamworks, NKS) to breed familiarity and confidence.  
 Largely community generated funding.  

Skills and Knowledge  Community facilitators use their skills in social interaction and knowledge 
of the community to organise and engage with the community, 
emphasising the community’s only ability has a stronger ability to move 
towards common goals.   
Savings groups and Rental Schemes improve capacity for making financial 
provision without external organisations where not much existed before.  
Technical training for those in a operations and maintenance role for 
various technologies, which will likely  be split between Chaom Trach and 
Phnom Penh 
Ongoing education for community members to develop skills/knowledge 
of their interest.  
Focus on developing capacity and input on young community members 
(Figure 63) 
Plenty of existing community knowledge on ecosystem services of area . 
Figure 64  Financing Model for the Kamworks Moonlight 

Organisational 
Structures 

Financing schemes will require regular roles to be performed at a village 
level and for funds to be transferred smoothly, encouraging firm, 
transparent structures in the long term. 
Methods for community nomination and self-selection practiced.  
Community visioning and planning workshops reflect the improved ability 
of the community to direct its own future.   

Sectorial Linkages For Kamworks + Biodigester products, most of supply chain will lead back 
to Phnom Penh for spare parts. NKS from Neang Kongrey region, those 
stoves do not have moving parts. Housing materials, water tanks 
constructed on site.  

Enabling Environment  Policy environment will support biodigesters through the NBP but little 
else.   

 

 

Figure 63 Cambodian Children learning about Energy in school (Verschelling & Diehl, 2010) 
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 Project Financing  13.6

13.6.1 Savings Model  

The current financial model employed by RAWimpact is problematic in a number of ways. $2000 

houses are built for families; leaving them $2000 in debt straight up. This is a huge amount of money 

to have to repay, even with significant subsidisation, for a group of people with a limited capacity to 

save, due to extremely low income, and lack of saving institutions. Due to their vulnerabilities, 

people living in poverty tend to put their income towards surviving, rather than saving. Indebtedness 

is far too much a part of the life cycle of the households living in poverty, increasing vulnerability and 

limiting ability to invest in anything other than debt (Diepart, 2010). Aside from this, credit in 

Cambodia tends to be land biased. Whilst aspects of the RAWimpact model work well, such as the 

partial subsidisation in cooperation with informal family contracts to send children to school. 

However it is advised that a savings model be adopted, over a debt approach.  

Outcomes from these strategies include 

i. A sense of strong ownership over technology  

ii. An improved capacity for saving 

iii. Community structures for managing investment  

13.6.2 Technology Deployment  

13.6.2.1 Rent forever 

The basic structure for deploying technologies is illustrated in Figure 64  Financing Model for the 

Kamworks Moonlight. The focus for this is NKS and Kamworks Moonlight, as these technologies are 

recommended for most immediate deployment.  

Kamworks have various deployment models which were outlined in  
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Table 19. MOREimpact proposes expanding on their rent forever model, preferred by entrepreneurs 

generally due to the decreased risk, and combining in with a community fund and savings groups 

(Energy Map, 2013). This model will be adjusted with further community input.  

 

Figure 64  Financing Model for the Kamworks Moonlight 

Once the community has agreed to trial the Moonlight and NKS, It is initially recommended that a 

demonstration workshop be held where households can interact with the technologies. An initial 

number of interested parties can then be gauged.   

Two individuals will be self-selected from within the community, with a majority consensus to act in 

the roles of technicians and accountants. These individuals should be trusted members of the 

community, with an interest in the duties of this role. Elders of the community, who have less taxing 

roles such as animal herders, and a good deal of social capital might be appropriate choices.  Both 

will respectively be trained in their duties, in a combination of workshops run via Kamworks/Pico 

Solar (Planete d'Entrepeneures, 2013) and additional training by RAWimpact. RAWimpact’s support 

in set up of this project will hopefully offset risk from Kamwork’s perspective.  

Based on initial gauged capacity, the first instalment of Moonlights will be transported to Chaom 

Trach. The rental price to customers will be US$0.05/day ($0.35/week.) Of this US$0.05/day, 

US$0.02/day will be allocated to Kamworks, and $0.01 to the accountant, technician and community 

fund respectively. This allocation is only an initial one, and can be adjusted after further 
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consultation. Rather than a rent to own model, these payments are continued for as long as the 

family wishes to use the technology. The cost of the Moonlight from Kamworks perspective will be 

repaid within two years. The benefit of rent forever for a product with a five year lifetime therefore, 

is the unlimited warranty, covering the cost of repairs and battery replacements that Kamworks 

offers (Planete d'Entrepeneures, 2013).  

The technician will administer battery replacements, and minor repairs send to the centralised 

production facility in Phnom Penh via bus, where they can be recycled/ disposed of thoughtfully 

(Kamworks, 2013). Though repayment will be slow, the continuous stream of rent paid to Kamworks 

will account to the cost of Moonlights and a backup of onsite battery replacements. The pair will 

communicate with Kamworks if more Moonlights/components are required. Cost of transportation 

for these parts will be incorporated into rental agreement.  

Collection of funds is recommended to be performed on a weekly basis, by the accountant-

technician team, and this will also form part of the quality assurance process. If customers default on 

payments, they must repay within the following week or else return the Moonlight financially able to 

pay rent. Savings groups will assist households in learning saving habits and avoid this scenario 

happening. Certain logistics such as securely storing the money collected for the community fund 

and rent for Kamworks must be developed further with a better idea of local banking infrastructure. 

The pair however will be responsible for a basic bookkeeping, reporting to community elders will 

help provide transparency in this process.  

If a family wishes for more moonlights/phone chargers then this will be built into the same cost 

structure.  

It is also proposed that a share bikes scheme might operate under a similar rental structure, with 

rent paid on a per day basis. Ceramic Filters, with their one year lifetime, might also be appropriate 

for this model. 

13.6.2.2 Rent to own 

A rent to own model is more favourable for relatively low cost technologies that have low 

maintenance/moving parts, thus offsetting the risk that would otherwise make a rent forever model 

more attractive for customers and distributors.  

Technologies suggested for model are the NKS, rainwater tanks,and Humanure toilets. Technologies 

will be still be deployed through the technician and accountant team. Additional roles can be added 

if demand requires it. The initial capital for funding and transporting these devices will be supplied 

by RAWimpact. Families will either buy the technologies outright, or rent until it paid off (for 

example, 25 days at US$0.05/day for NKS). 

The money collected from stove repayments will be delivered straight into the community fund.  

A rent to own scheme will also be utilised for biodigesters. However, this scheme is recommended 

to operate through the Gold standard approved institutional, financial and training structures of the 

NBP. Payment will be upfront or on a 24 month micro-loan through Amret or PRASAC-MFI with 1.2% 

interest and US$150 subsidy (National Biodigester Programme Cambodia, 2013). It is recommended 

that families must demonstrate a capacity to save first before pursuing this option, as well 

demonstrating an appropriate level of feedstock.   
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13.6.2.3 Establishing savings habits  

The basic model for a savings group involves a small (5-30) group of self-selected individuals meeting 

weekly and saving the same agreed amount, with book keeping done by memorisation or written 

records. Monthly loans can be approved by members under fixed terms of repayment, or money can 

be leant to collective enterprises.  In some models the savings is shared out after an agreed period 

when cash is known to be short (e.g. the dry season) or else funds may be rolled over. Funds are 

secured by an elected and constitutionally management committee (Allen & Panetta, 2010).  

Savings groups improve social capital between members and are particularly good for involving 

women. As well as reducing financially vulnerability, savings groups develop capacity in the form of: 

i. Savings habits  

ii. Group management  

iii. Account administration 

.Combined with the different technologies for rent or sale, savings groups offers households a 

chance to invest their income into life altering technologies and projects.  
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13.6.2.4 Grants and subsidies  

For large capital projects such as houses, the poorest of Chaom Trach will find it difficult to save 

funds. If however, the ability of a household to save is proven over a given period, and a clear need 

for dwelling improvement identified, it is recommended that dwelling be heavily subsidised where 

possible, with any debt offset through mechanisms such as informal contracts (children going to 

school) and exchange for our labour services.  

13.6.2.5 The community fund  

The community fund will act as a seed fund for future community projects, such as micro crops, 

communal toilets or a teacher’s salary. As this seed fund will be small at first, it is proposed that if 

the seed fund meets the expected size after one year when auditing in and outgoing costs, then 

RAWimpact may agree to assist in the provision of a grant for a community decided project requiring 

extra funding. In order for this project to go ahead, a strong action and organisational plan must first 

be devised. It is hoped that experimenting with a community fund with smaller sums of money in 

the first year will test whether the structures are strong enough to support larger finances.   

 

 Financing Budget  13.7
A discussion of budgets across different areas is given in Appendix 15. Cost structures will vary 

depending on the implementation model followed. The setup of costs mean that both the dwelling 

and energy budgets are met.  

 Monitoring and Evaluation  13.8
To monitor and evaluate the project systems, two surveys have been constructed; 

i. Survey of Chaom Trach; to be conducted every six months, focusing on user feedback on 

technology and implementation structure. As well as feeling towards what did happen, this 

will try to gauge what didn’t happen. Appendix 10 

ii. Internal review of RAWimpact’s goals and processes, to be conducted annually.  After 

individual completion, the questions would then be workshopped as a team.  Appendix 11 

It is also recommended that an annual review workshop be facilitated by community to re-evaluate 

visions and action plans.  
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 Quality assurance Plan  13.9
Quality assurance for the majority of technologies (excluding biodigester and SHS) will be conducted 

informally by the technician and accountant nominated in the deployment models. If there are any 

concerns with the product, they will initiate the supply chain back to the manufacturer in question. 

In the event of the Kamworks Moonlight, a rent forever yields an unlimited warranty.  

Further Questions  
Please apply to z3241976@zmail.unsw.edua.au 
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14 Appendices 
Appendix 1 Shortlisted Housing Designs 

 

Appendix 2 Short listed Energy Technologies  

Technology Elimination Criteria 

Ethanol/methanol, kerosene 
and LPG stoves 

Appropriate Technology: Not a sustainable or dependency reducing fuel 
source.  
Sustainability Assessment: Not financial sustainable as fuel prices rise. 
Neither is this option ecologically sustainable, as it promotes dependency on 
carbon intensive fossil fuels.  

Solar Cookers Appropriate Technology: Not culturally appropriate. Despite low cost, 
efficiency and lack of harmful smoke, solar cookers must be used outside. 
This was not deemed appropriate for the Chaom Trach community, both due 
to the reliability problems in times of wet season and reliance on villagers 
changing their indoor cooking habits 
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Wind Power Sustainability Assessment: technologically and financially, wind power is not 
sustainable as a reliable source of energy. Analysis showed that the wind 
resource, at an average of 3.1m/s, was not sufficient enough to give a useful 
output/dollar (NASA, 2013). Rough turbine sizing indicated that to produce 
100W a US$11000 turbine was needed.    

Micro Hydro Sustainability Assessment: As there is no flowing water stream, it would be 
require a significant financial allocation to create an artificial one. The 
fluctuation between monsoon and dry season also makes this problematic.  

Forced Air Fanstoves  Appropriate Technology: reliance on battery power was not considered 
appropriate in a stove design 

Conical Smokeless Stove Appropriate Technology: Needs a ventilation shaft for smoke removal which 
was not appropriate to Cambodia culture.  

Dung Cooker Appropriate Technology: Culture issues with handling dung near food stuffs 
was deemed inappropriate  

New Lao Stove   
 

Appendix 3 (Rain Harvesting Pty Ltd, 2010) 

The following information details how a complete rainwater collection system works and may be 

used as another option to the Earth Tank. However the Earth Tank only costs $75 whereas this 

system will cost much more. 

 

1. Check ROOF SURFACE is suitable for collecting quality rainwater. 

2. Install GUTTER MESH (such as Blue Mountain Mesh®) to prevent leaves and debris from 

blocking gutters. 

3. Fit GUTTER OUTLETS from the underside ofthe gutter to prevent obstruction of water flow. 
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4. Fit Leaf Eater® or Leaf Beater® RAIN HEADS to downpipes to prevent blocking. Rain Heads 

deflect leaves and debris and keep mosquitoes out of pipes that hold water ('wet' systems). 

5. Install FIRST FLUSH DIVERTER/S to help prevent the most contaminated rainwater from 

entering the tank. 

6. Ensure a TANK SCREEN is installed at tank entry point to keep mosquitoes and pests out. 

7. Choose a WATER TANK. Consider annual rainfall, roof catchment area and water usage 

when determining its size. 

8. Attach INSECT PROOF SCREENS or FLAP VALVES to the end of all pipes to the tank screen to 

keep mosquitoes and pests out and ensure the tank is vented properly. Install an AIR 

GAP to TANK OVERFLOW OUTLETS to prevent stormwater backflow into your tank. 

9. Utilise a TANK TOP UP system (if required) to automatically top up the tank with mains 

water when levels fall to a designated minimum level. 

10. Select a PUMP SYSTEM (if required) to distribute water for use inside or outside the home. 

11. RAINWATER FILTER. Fit a purpose designed rainwater filter after the pump to help reduce 

residual sediment, colour and odour. 

12. WATER LEVEL INDICATOR. Install a Tank Gauge water level indicator to your rainwater tank 

to monitor your water level and usage. 

 

Appendix 4 Detailed Specifications for Humanure Toilet Maintenance 

 

 

 

The average person excretes 50L of faeces and 500L of urine per year (Stockholm Environment 

Institute, 2008.) It is recommended that at least one toilet is be used per family, with an 

average of 4.7 people each. Therefore the excreta accumulated per year per family will be 2585 

L. The volume of a bucket is about 40 L. 

The volume defecated per day for an average person = 550/365.25 = 1.51 L. Volume defecated 

per family per day is about 7.1 L. For simplicity, assume that the volume of sawdust added is 

about half that of the volume of excreta. So the volume of material produced per day in the 

humanure toilet is about 10.6 L per family, which is just over one quarter of the volume of a 

bucket. Therefore for an average family the humanure toilet could be emptied up to every four 

days, however it may be preferable to empty it more frequently for the purposes of sanitation, 

reducing odours, and preventing attraction of pests. 
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Appendix 5 Humanure Toilet + Compost Bin Materials and Construction 

Cost of New Toilet  ''x4'' black locust posts 

 mixture of dry concrete and soil 

 bracings for posts 

 black locust boards 

 Screws 

 Rafters, made of recycled hemlock, notched with a bird's 
mouth to rest on the horizontal beams 

 Boards for sheathing for roof 

 Slate 

 Gutters and downspouts route rainwater into a collection 
barrel 

Total: ~US$250 

Cost of Home Made Toilet   two boards 3/4"X10"X18" and two 3/4"X10"X19.5" 

 two hinges 

 one piece of 3/4"X18"X18" plywood and one 
3/4"X3"X18"standard toilet seat (will need to buy, available for 
~$15) 

Total: ~US$25 

 

Appendix 6 Personal Communication with Specifications for Humanure Construction 

Thank you for contacting us. 
 
We do not sell composting bins. 
 
How To Build a Compost Bin 
The simplest compost bin is four pallets set on edge and tied together in a square. 
More permanent bins involve posts and boards. If the top of the compost is 
accessible to chickens, dogs, etc., it should be covered with wire mesh will prevent 
the compost from being disturbed. A square piece of loose wire fence is easily 
removed when adding compost to the pile. The compost bin itself can be built from 
pallets, scrap wood, wire mesh, stacked bales of hay or straw, other recycled 
materials, or even masonry materials such as block, brick or stone. Do not use 
lumber that is treated with chemicals. 
 
A humanure toilet system can be used in the same location for generations. The 
most serious composters will construct a permanent bin. A minimum three bin 
system is recommended. One bin is filled for a year and then left to age. Another 
bin is filled for a year while the first bin ages. The first bin is gradually emptied as 
the second bin nears filling. By the time the second bin is full, the first bin is empty 
and the cycle starts again. The central bin is used to store cover material, which 
must be kept dry so it won’t freeze in the winter. A roof over the third bin can be 
used for rain water collection, with the water being conveniently used for cleaning 
compost toilet receptacles. A water collection system must be drained during 
freezing weather.  WATCH HUMANURE VIDEOS ON YOUTUBE  
 
 
Here are some links you might find interesting. 
 
How to build compost bins at: http://humanurehandbook.com/hacienda.html  
 
You might like to check our message 

http://www.youtube.com/playlist?list=PLFD5D0CE103FD3A56&feature=viewall
http://humanurehandbook.com/hacienda.html
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board: http://www.jenkinspublishing.com/messages/ Humanure composters from all 
over the world visit the board and exchange stories and information. 
 
The entire Humanure Handbook can be downloaded free, in PDF format, chapter by 
chapter at http://humanurehandbook.com/contents.html. 
 
Please refer to our humanure website for additional information, including video 
clips, the Humanure Handbook, the Humanure Sanitation paper, an instruction 
manual, and lots of other resources. 
 
Here is a link to see how to build your own 
loo http://humanurehandbook.com/humanure_toilet.html. It's very easy to build your 
own and we figure you can build it for less than $25 USD if you're industrious and 
use recycled lumber and hardware.  
 
Feel free to contact us at any time with questions or comments. 
 
Best regards, 
 
Galina Benek 
 
Joseph Jenkins, Inc. 
143 Forest Lane, Grove City, PA 16127 
 
Ph: 814-786-9085; Fax: 814-786-8209 
 
Email: mail@josephjenkins.com 

 

 

Appendix 7 Key Nutritional Food sources Local to South East Asia (FAO, 2009) 

Energy Protein Fat Vitamin A Vitamin C 

Avocado Cashew nut Avocado Fruit Cassava 

Banana Cowpea Cashew nut Banana Custard apple 

Canna root Eggs Coconut milk Bitter cucumber Guava 

Cashew nut Fish Coconut oil Canistel Litchi 

Cassava Meat Groundnut Mango (ripe) Mango 

Maize Milk Milk Papaya (ripe) Papaya (ripe) 

Sugar cane Mung bean  Pumpkin Pineapple 

Sweet potato Pigeon pea    Leaves Rambutan 

Taro root Soybean    Amaranth Sweet Potato 

Yam     Bitter cucumber Tomato 

Rice       
 

Appendix 8 Yields and Consumption of Basic Crops 

Crop  Yield Water Input per kg Yield 

Rice 1800kg/ha 1600L/kg 

Soybeans 988kg/ha 2000L/kg 

Wheat and Corn 1200kg/ha 750L/kg  

Peanuts 1280kg/ha 1200L/kg 

http://www.jenkinspublishing.com/messages/
http://humanurehandbook.com/contents.html
http://humanurehandbook.com/index.html
http://humanurehandbook.com/videos.html
http://humanurehandbook.com/videos.html
http://humanurehandbook.com/downloads/Humanure_Handbook_all.pdf
http://humanurehandbook.com/downloads/humanure_sanitation_paper.pdf
http://humanurehandbook.com/manual.html
http://humanurehandbook.com/manual.html
http://humanurehandbook.com/humanure_toilet.html
http://www.josephjenkins.com/
tel:814-786-9085
tel:814-786-8209
mailto:mail@josephjenkins.com
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Appendix 9 Water System Management 

Crops will need a lot of water – siphons will need to be used to move water from a different location if crops are wanted during the dry season and for 

extended periods of no rain during wet. Development of a water catchment area or Oorani will be a large labour-intensive investment for Chaom Trach and 

will be susceptible to contamination if the areas surrounding them are mismanaged. However with in conjunction with aqua culture systems this may be 

mitigated. Using siphons from these catchments it would be possible to supply enough water for larger crops. Utilising water saving techniques can lower 

water usage can be lowered by over fifty percent (Saksena, UNEP, 2008). Such techniques include the adoption of a drip irrigation (gravity fed) system, 

making effective usage out of mulch and by watering at cooler periods in the day 

For smaller crops and gardens, waste water should mainly be used although water may need to be transported from the hand pumps in the village. 

Rainwater from the tank should not be used for gardens or washing, only drinking and cooking.  
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Compost from Humanure 

toilets and goats 

Rainwater 

Earth Tank: 4.2 m3 concrete 

tank that collects rainwater 

during the wet for drinking 

and cooking only. 

Water table that is filled 

each wet season. Hand 

pumps are used to extract 

ground water that is not up 

to drinking standard. 

Waste water left over 

from cooking 

Home gardens/crops 

Grey water left over 

from washing 

Waste food as compost 

Aquculture 

and/or Oorani 

or small 

reservoir for 

catchment of 

water for lager 

crops 
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Appendix 10 Survey for Chaom Trach 

Interviewer:  

Interviewee:  

Models Implemented:  

Date:   

1. Were you happy to use this technology? What did you like best? 
 
 

 

2. Were there any problems with this technology? Were they fixed quickly?  
 
 

 

3. Is there anything you preferred about the old option (if applicable)? Which option 
do you prefer? 
 
 

 

5. Is there anything you would like to see started over, changed or improved? Did you 
change anything yourself with the technology? (user innovation) 
 
 

 

6. How easy was it to afford this service?  
Have you found your understanding of saving has improved?    
 
 

 

7. Were you happy with the community decision process that began this project? 
Would you change anything for next time?  
 

 

These questions are technology specific, answer if applicable.  

Neang Kongrey Cook Stove (NKS) 
Did it reduce fuel wood consumption? 
Did it save on time for food preparation? 
Was there a reduction on smoke compared with the old stove? 

 

Kamworks Moonlight and Solar Charger  
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Did it save money? 
Was there enough lighting time for the use you had? 

Farmer’s Friend Biodigester (FFBD) 
Was fuel collection actually any easier? Did you prefer the old way? 
Is the different taste or cooking style an issue? 

 

Humanure Toilet 
Was smell an issue? 
Was waste management difficult? 

 

Savings Group 
What was your favourite thing about these groups?  
What was the hardest thing about saving?  

 

Community Projects  
Have you participated in any community projects?  
Which and what convinced you to join in? 
if you could change anything about community  projects what would that be?  

 

 

Appendix 11 Internal Survey for RAWimpact 

Interviewer:  

Interviewee:  

Role in RAWimpact:  

Date:   

1. To what extent project goals met during the first year? 
  
 
 

 
 

2. To what extent was a consistent development approach to carried out? 
 
 
 

 
 

 
 

3. Were you happy with the interactions with other parties/partners in this project 
(e.g. MOREimpact) 
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4. Is there any aspect to the current model you see not working fully? Is there 
something being overlooked?  
 
 

 

5. How would you envision a successful exit strategy from Chaom Trach? 
 
 

 

6. If this project was to be performed again, what are two things you would do 
differently?  
 

 



116 
 

Appendix 12 Model of Dwelling, to be used as a communication tool with Chaom Trach 

 

Appendix 13Projected Extendibility of Potable Water Supply 

i. Rate of Inflow: was taken as daily rainfall (mm) x roof surface area (32 m2 for roof with gutter) 

                            [  ]  
 

       
           [  ]  

      

  
 

 
ii. Rate of Outflow: was taken as 8L/pp/day (Danish Hydraulic Institute, 1995) x 4.7 (average family size)  = 37.6 L/day 
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iii. Hence Tank Volume = 4,200L + (32xRainfall to date) - (37.6 L x number of days passed since tank was at capacity.) (Volume < 4,200L due to 
overflow spilling) 
 

Table 37 Rainfall (mm) in Phnom Penh (Average values for each month) (Source (Cambodia - Climate, 2001) 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual Average monthly 

Rainfall (mm) 6 6 27 75 150 125 125 150 250 250 125 30 1320 110 

 

 

Appendix 14 SHS Design  

TABLE   1 

D.C. LOADS 

 

(1) (2) (3) (4a) (5a) (4b) (5b) (6) 

Comments 
Appliance Number 

Power 

Winter or dry season Summer or wet season Contribution 

to maximum 

demand Usage time Energy Usage time Energy 

W h Wh h Wh W 

LED Lights 10 15 5 750 5 750 150 
Assuming the school has 2 (two) rooms, 5 (five) 
lights will be installed per room. 

DC Fridge 1 45 3 135 5 225 45  

Daily load energy - d.c. loads (Wh) (DC7a)  885 (DC7b)  975   

Maximum d.c. demand (W) (DC8)  195 
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1  
Quantity Individual Cost Total Cost 

LED Tube Lights – 
12V/15W 

10 AU$69 AU$690 

SunDanzer Chest Style 
DCR50 Fridge – 
12V/45W/50L 

1 US$699 US$699 

Solar Panels 4 US$709.8 US$2839.2 

Charge Controller 1 US$111.62 US$111.62 

Battery 6 AU$599.84 AU$3599.04 

Wiring and other misc. 
components 

Approx. AU$850 

TOTAL AU$8950 

 

System Configuration 

 

  



119 
 

Battery Sizing and Selection 

Days of autonomy:   5 days 

Max. depth of discharge:  80% 

 

Average daily energy use:  975 Wh (wet season) 

Design load Ah for battery sizing:        
    

   
 
      

    
          

Battery bank capacity:             
    

      
          

      

    
           

Typical daily load:   195 W 

Discharge current:          
      

   
 
     

    
         

Required battery rating:     
  

      
 
         

       
             

Battery capacity:                 

 

Brand/Model BAE 6 PVV 660 

Efficiency 90% 

Cell capacity at C100 705 Ah 

Cell nominal voltage 2 V 

DODmax 80% 

 

Daily DOD:              
      

    
 
        

      
        

No. of battery in a string:   
   

     
 
    

   
             

 

Note: Battery oversizing to allow future load growth. 
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PV Array Sizing and Selection 

Kyocera KC130TM 12V/130W poly-crystalline module with 16% efficiency. 

Design load Ah:          
    

   
 
      

    
          

Required array output:         
      

     
 
     

   
          

Daily charge output per module: 

                              (      )  (    )  (      )  (       )           

No. of parallel strings:     
         

       
 
             

        
                         

No. of modules per string:    
   

    
 
    

    
          

Total no. of modules:                     

Array rating:   520 Wp 

 

Charge controller sizing and selection 

Requlator req. current rating:                                   

Brand/Model Xantrex C40 

Rated Current 40 A 

Max. solar voltage VDC 125 V 

System voltage 12 – 48 V 

 

Appendix 15 Budget 

Cost data was very difficult to source when it came to calculating the soft costs of the project, that is, 

the money need to pay for things like training, workshops. The costs that would have been to 

identified have therefore been listed, and further research will be conducted.  

All values in AUD unless otherwise marked. Exchange rate of AU$1.04 to the USD. 

i. Planning and Project Development 

Area of Implementation  Breakdown of expenses  

Approaching Living, transport and service expenses of  

 RAWimpact representatives whilst conducting initial village 
liaison 

 Translator (if needed) 

Training  Living and transport and service expenses of  

 RAWimpact representatives whilst conducting initial village 
liaison 
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 Cambodian expert in facilitation (e.g. organisational psychologist) 

 Facilitator role (excluding service expenses – pride in this role will 
be build based on leadership, not payment)  

 Translator (if needed) 

Envisioning  Cost internal to community.  

Planning19  Living and transport and service expenses of  

 RAWimpact representatives whilst conducting initial village 
liaison 

 MOREimpact technical consultants  

 Cambodian expert in community organisation and financing  

 Translator (if needed) 

Reviewing  Living and transport and service expenses of  

 RAWimpact representatives whilst conducting initial village 
liaison 

 MOREimpact technical consultants  

 Translator (if needed) 

Enacting  Costs explored later in budget 

Evaluating  Living and transport and service expenses of  

 RAWimpact representatives whilst conducting initial village 
liaison 

 MOREimpact technical consultants  

 Translator (if needed) 

Exiting  Living and transport and service expenses of  

 RAWimpact representatives whilst conducting initial village 
liaison 

 MOREimpact technical consultants  
Translator (if needed) 

 

ii. Capacity Building and Training 

For capacity building and training it is recommended that the community bank saves up a portion of 

the cost and RAWimpact subsidises the remainder to promote healthy money management. 

Area of Capacity Development  Breakdown of expenses 

Training of Accountant/Technician in 
Implementation Models  

 Transport and living expenses whilst attending 
Kamworks training day 

 Training may be expended to include SHS in 
future  

Training/Demonstration Sessions of 
Technology to community 
(Kamworks/NKs/HUmanure )  

Free of charge (idea is to attract business customers)  
Many of training/instruction materials found online  

NBP Training of Biodigester Specialist    Transport and living expenses 

 Course fee included in cost of biodigester 

Training in Savings groups  Transport, living and service expenses for Khmer 
facilitator in setting up 

                                                           
19

 Whilst there might be a contribution to food costs for the sessions, RAWimpact will not cover the cost of 
funding food for the hold community. This decision has been made based on past experiences with other 
NGO’s bribing participants with food.   
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iii. Capital Costs 

Table 38 Cost of Materials for Dwelling 

Item Dimensions Cost per item 

Large round posts 5m length $21.00 

Large round posts 3m length $12.50 

Bearer beams 5cm x 12cm x 5m $12.00 

Bearer beams 5cm x 12cm x 4m $10.00 

Standard beams 5cm x 10cm x 4m $8.00 

Batton beams 5cm x 5cm x 6m $5.00 

Bamboo strips (bundle) 5m length $3.50 

Floor boards 1cm x 20cm x 5m $11.00 

Bamboo weave mat 1.1m x 6m $5.50 

Concrete Foundation posts 40cm high, 15cm x 15cm $12.00 

Tin roof sheets 3m x 0.8m $7.50 

Tin gable cladding (roll) 1m x 10m $42.00 

Fixings - nails, screws etc Bags $9.00 

Hinges Basic $2.00 

Gutter 5m length $40.00 

Transportation to site Large truck hire $60.00 

Block clearing Labourer $10.00 

Building construction Builder + labourers (local) $30.00 

Water tank 2m diameter $75.00 

Mud brick  $1.70 per m2 

 
Table 39 Upfront Dwelling Costs 

Base Dwelling 
Model 

 
$1952.80 < $2000budget 

 

Value Adds:  Value Adds:   

Veranda $110.50 

Room $274.00 

Workshop $72.00 

Animal shelter $217.00 

Stair widening $105.00 

Plant boxes $102.00 

 

Table 40 Technology Costs 

 Upfront  Rental  

School SHS installation $8934.85 total cost  

Kamworks Moonlight $15.60, mobile charger at $5.70, US $0.05day rent forever  
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Capital Cost batteries replacements at $2.60 

Initial Neang Kongrey 
stove rollout 

$1.30 per stove - $130.00 total (one 
per household) 

US$0.05day rent to own for 28 
days.  

Biodigester pilot $279.69 each with government 
subsidies 

Microloan set with MFI 

Humanure toilet Estimated $58 per (including 2 
compost bins) made locally, however 
it could possibly be cheaper. 

US$0.05day for 500days.  

Cost of any professionals 
needed to install/build 
projects 

Depends on project  

Cost of workshops (food, 
building hire) 

Depends, but relatively low  

Cost of building tools Depends on project  

 

The distribution of these costs to RAWimpact/community members will depend on implementation 

model, as seen in Table 41 Different Financial Inputs for Different Implementation Models 

Table 41 Different Financial Inputs for Different Implementation Models 

Rent forever 
 

Rent to Own  
 

Demonstrate Saving Capacity 
to Receive Financial Assistance 
from RAWimpact  
 

RAWimpact offsets risk, and 
helps offset soft costs 

RAW impact helps provide 
capital cost for initial purchase. 
Rental money is then paid back 
into community seed fund. 

When Savings capacity 
demonstrated at a 
individual/community level, 
RAWimpact may support with 
subsidy/loans 

Kamworks Moonlight 
Bikes  
Ceramic Water Filters  
 

NKS 
Humanure toilets  
Earth tank Rainwater tank  
Biodigesters (though financed 
separately NBP)  

Dwellings  
Value Adds  
Community projects (e.g. SHS, 
community gardens)   
 
 

 

Number units deployed will be gauged at a later stage of implementation. However to approximate 

the cost of any immediate energy to RAWimpact initially would be calculated based on their support 

of rent to own technologies. The only  

Table 42 Energy Budget for RAWimpact 

Unit  Per unit Cost Penetration  Total  

NKS 1.30 100households $130 

SHS $8934.85 1 $8934.85 

  Total  $9064.865 

Which falls under $20 000 hardware budget.  

iv. Transportation and Installation 
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Installation costs are included in the capacity development costs. 

Transportation costs are difficult to calculate as it is not known where the location of origin is for 

most of the capacity building project materials. Transportation will mostly be via bus. Some things 

can be made on-site (depending on time and villager skills). Transportation costs are included in the 

dwelling cost.  

v. Operating and Maintenance 

For technologies made available on the rent forever/rent to buy models, operation and maintenance 

will be included in standard fee paid to technician/accountant roles.  

For Rent Forever models replacement of parts (e.g. batteries) will be included in this figure.  

For Rent to Own models, service will be included but not replacement of parts. This should not be a 

problem as the types of devices sold under this (NKS, water tanks) don’t have regular replacement of 

parts.  

Accountant/technician involved 
in Rent Forever/Rent to Own 
Models 

US$0.01 per day per unit deployed per staffer 

 

Biodigesters 

Maintaining the biodigester will require a set amount of water and waste matter, ensuring the pH 

levels are acceptable every fortnight, and cleaning out the main tank through the manhole which 

could prove to be tricky. Financing structure for this to be developed through NBP.  

Dwelling 

The repair cost of housing depends on the age of the house, with an expected life of around ten 

years. Things such as the bamboo walls can be made and repaired on-site at very low cost while 

other cheap parts like the mosquito nets will have to be bought in town. Larger parts of the house 

such as the supporting stilts will cost more and will need a hired builder to fix them without causing 

collateral damage to the house. Refer to appendix for house material costs. 

New Economies  

To be determined more fully in time.  

 

vi. Monitoring and Evaluation costs 

The costs for monitoring and evaluation will mainly be from the food, ink, paper and possible 

building rental and transportation (if necessary) for the village workshops done by RAWimpact which 

will be minimal. The cost of people to have the surveys done will depend on who RAWimpact uses; 

trained villagers would be recommended. 

 



125 
 

Bibliography 
Cambodia - Climate. (2001, December 6). Retrieved October 29, 2013, from Students of the World: 

http://www.studentsoftheworld.info/pageinfo_pays.php3?Pays=CBG&Opt=climate 

Model for empowering rural poor through renewable energy technologies in Bangladesh. (2001). 

Environmental Science and Policy, 1-12. 

Allen, H., & Panetta, D. (2010). Savings Groups: What are they? Washington DC: The SEEP Network. 

Alstone, P., & Lai, P. (2012). Life Cycle Energy Benefits from Off-Grid Lighting. Dakar: Lighting Global. 

Ashley, B., Chikwati, F., John, J., Petrohilos, J., Smith, X., & Szumlinkski, A. (2011, June 14). 

Biodigester toilet. Retrieved August 29, 2013, from Engineers Without Borders Australia. 

ASMA. (2013). Working with Community Groups. Retrieved October 2013, from American Medical 

Student Association: 

http://www.amsa.org/AMSA/Homepage/About/Committees/Grassroots/WorkingwithCom

munityGroups.aspx 

BBC. (2013, September 24). Cambodia Profile. Retrieved October 22, 2013, from BBC: 

http://www.bbc.co.uk/news/world-asia-pacific-13006828 

Biran, Cameron, Ensink, Lines and Smith. (2008). Smoke and Malaria: Are Interventions to Reduce 

Exposure to Indoor Air Pollution Likely to Increase Exposure to Mosquitoes and Malaria? 

London: World Health Organisation. 

Biswas, W. K., Bryce, P., & Diesendorf, M. (2001). Model for empowering rural poor through 

renewable energy technologies in Bangladesh. Environmental Science and Policy, 1-12. 

Bond, T., & Templeton, M. (2011). History and Future of Domestic Biogas Plants in the Developing 

World. Energy for Sustinable Development, 347-354. 

Calvert, P. (2013). Compost Toilets. Retrieved August 24, 2013, from Practical Action: 

http://practicalaction.org/compost-toilets-1 

Cambodia-picturetour.com. (2011, July 30). The Various Styles of Traditional House in Cambodia. 

(Cambodia-picturetour.com) Retrieved August 27, 2013, from http://www.cambodia-

picturetour.com/the-various-styles-of-traditional-house-in-cambodia/ 

Centers for Disease Control and Prevention. (2012, Decemeber 10). Malaria. Retrieved September 

23, 2013, from Centers for Disease Control and Prevention: 

http://www.cdc.gov/malaria/about/faqs.html 

Central Intelligence Agency. (2013). The World Factbook. (Central Intelligence Agency) Retrieved 

August 27, 2013, from https://www.cia.gov/library/publications/the-world-

factbook/index.html 

Centre for Disease Control and Prevention. (2011, October). Factsheet. Retrieved August 27, 2013, 

from CDC in Cambodia: 

http://www.cdc.gov/globalhealth/countries/cambodia/pdf/cambodia.pdf 



126 
 

Collaborative Future Cambodia. (2013). Build Against The Traffick. 

CRT-ARECOP-GERES Study Team. (2008). Study on opportunities for SNV to successfully support the 

dissemination of improved domestic cook stoves in SNV Asia Countries. Hanoi: SNV - Regional 

Office for Asia. 

Danish Hydraulic Institute. (1995). Sourcebook of Alternative Technologies for Freshwatre 

Augmentation in Some Countries in Asia. 

http://www.unep.or.jp/ietc/Publications/TechPublications/TechPub-8e/rainwater2.asp : 

UNEP. 

DHAN. (2006). Introduction to Ooranis. Retrieved October 26, 2013, from DHAN Foundation: 

Development of Human Action: http://www.dhan.org/ooranis/ 

Diepart, J.-C. (2010). Cambodian Peasant's Contribution to Rural Development: a perspective from 

Kampong Thom Province. Biotechnology, Agronomics, Society and Environment, 321-340. 

Ebenezer, J. (n.d.). Standard Bike with Pedal Power Attachment. Retrieved October 20, 2013, from 

Technology for the Poor: 

http://www.technologyforthepoor.com/PedalPowerReport/PedalPowerReport.htm 

Ellen, R. (2013, March 29). Girls rule in new draft of moral code. Retrieved October 10, 2013, from 

Phnom Penh Post: http://www.phnompenhpost.com/7days/girls-rule-new-draft-moral-code 

Energy Map. (2013). Kamworks. Retrieved October 28, 2013, from Energy Map: http://energymap-

scu.org/kamworks/ 

EPHO, E. &. (2007, June). Technical manual for constructing ecosan toilet. Retrieved August 29, 2013, 

from Engineers Without Borders. 

Ezy Stove. (2013). Why Ezy? Retrieved August 27, 2013, from Ezy Stove: 

http://www.ezystove.com/why.php 

FAO. (2009). Improving Nutrition Through Home Gardening. A Training Package for Preparing Field 

Workers in South East Asia. Retrieved August 24, 2013, from 

http://www.fao.org/DOCREP/V5290e/v5290e04.htm 

GERES. (2009). Dissemination of domestic efficient cookstoves in Cambodia. Groupe Energies 

Renouvelables, Environnement et Solidarités (GERES). 

Gillet, K. (2013, June 18). Cambodia Trains Social Workers to Curb Reliance on Foreign Aid. Retrieved 

October 10, 2013, from The New York Times: 

http://www.nytimes.com/2013/06/19/world/asia/19iht-educside17.html?_r=0 

Google. (2013). Google Maps. Retrieved from maps.google.com 

Hardin, G. (1968). The Tragedy of the Commons. Science, 1243-1248. 



127 
 

Hojnacki, Angela et al. (2011, December 14). Biodigester Global Case Studies. Retrieved August 26, 

2013, from Biodigester Global Case Studies: 

http://web.mit.edu/colab/pdf/papers/D_Lab_Waste_Biodigester_Case_Studies_Report.pdf 

Humantrafficking.org. (2006). Cambodia. Retrieved August 27, 2013, from Humantrafficking.org: 

http://www.humantrafficking.org/countries/cambodia 

Jenkins, J. (2013). Retrieved from Humanure Headquarters: http://humanurehandbook.com/ 

Joseph Jenkins, Inc. (1998-2013a). The Humanure Hacienda. Retrieved October 24, 2013, from 

Humanure Headquarters: http://humanurehandbook.com/hacienda.html 

Joseph Jenkins, Inc. (1998-2013b). Humanure Toilet. Retrieved October 24, 2013, from Humanure 

Headquarters: http://humanurehandbook.com/humanure_toilet.html 

Joseph Jenkins, Inc. (2010-13). Compost Toilets. Retrieved October 24, 2013, from Humanure Store: 

http://humanurehandbook.com/store/home.php 

KamWorks. (2012). MoonLight - KamWorks. (KamWorks) Retrieved August 27, 2013, from 

http://www.kamworks.com/product-details/moonlight/ 

Kamworks. (2013). Kamworks. Retrieved October 20, 2013, from Energy Map: Clean Energy for the 

Undeserved: http://energymap-scu.org/kamworks/ 

Kamworks. (2013). Pricelist Moonlights : Cambodia Sales. Phnom Penh: Kamworks. 

Kwintessential Ltd. (2012). Cambodia - Language, Culture, Customs and Etiquette. (Kwintessential 

Ltd.) Retrieved August 27, 2013, from http://www.kwintessential.co.uk/resources/global-

etiquette/cambodia.html 

MIT. (2009). Smokeless Stove . Retrieved August 2013, 27, from 

http://web.mit.edu/adnane/www/adnan/portfolio/idd/stove.html 

Mitchell, C. P., Stevens, E. A., & Watters, M. P. (1999, August). Short-rotation forestry – operations, 

productivity and costs based on experience gained in the UK. Forest Ecology and 

Management, 123-136. 

Morgan Winds. (2008). Morgan Winds. Retrieved August 24, 2013, from 

http://morganwinds.com/index.php/Windmill-Information/Windmill-Information.html 

NASA. (2013, August 29). Meteological and Solar Energy. Retrieved August 29, 2013, from Surface 

Metereology and Surface Data: https://eosweb.larc.nasa.gov/sse/ 

National Biodigester Program Cambodia. (2013, February 6). Technical Overview. Retrieved August 

26, 2013, from National Biodigester Program Cambodia: 

http://www.nbp.org.kh/page.php?id=19 

National Biodigester Programme Cambodia. (2011, October). Information Folder. Retrieved October 

21, 2013, from National Biodigester Programme Cambodia: 



128 
 

http://www.nbp.org.kh/userfiles/file/publication/Promotion%20Materials/Information%20f

older%202011%20English.pdf 

National Biodigester Programme Cambodia. (2013, February 6). Benefits for Households. Retrieved 

October 21, 2013, from National Biodigester Programme Cambodia: 

http://www.nbp.org.kh/page.php?id=17 

National Biodigester Programme Cambodia. (2013, February 6). Special Credit for Biodigester. 

Retrieved October 21, 2013, from National Biodigester Programme Cambodia: 

http://www.nbp.org.kh/page.php?id=3 

National Biodigester Programme Cambodia. (2013, February 6). Technical Overview. Retrieved 

August 26, 2013, from National Biodigester Programme Cambodia: 

http://www.nbp.org.kh/page.php?id=19 

NIS. (2008). Statistical yearbook 2008: general population census of Cambodia 2008. Phnom Penh: 

National Institute of Institute of Statistics, Ministry of Planning. 

Ostrom, E. (1990). Governing the Commons: The Evolution of Institutions for Collective Action. 

Cambridge: Cambridge University Press. 

Planete d'Entrepeneures. (2013). The Kamworks: The Leading Solar Company in Cambodia. 

http://www.planetedentrepreneurs.com/wp-

content/uploads/entrepreneurs/Cambodge/Kamworks/Kamworks%20-%20ENG.pdf: Planete 

d'Entrepeneures. 

Rain Harvesting Pty Ltd. (2010). How to Create a Complete System. Retrieved October 2013, 29, from 

Rain Harvesting: http://rainharvesting.com.au/rainwater-knowledge-centre/how-to-create-

a-complete-system 

RDIC. (2011). Resource Development International Cambodia. Retrieved August 23, 2013, from 

Rainwater and Rope Pump: http://www.rdic.org/water-rain-water-collection.php 

Reddy, A. (2002). Energy Technologies and Policies for Rural Development. Energy for Sustainable 

Development: A Policy Agenda, 115-136. 

Reed and Larson. (1996, May). A WOOD-GAS STOVE FOR DEVELOPING COUNTRIES. Retrieved August 

25, 2013, from 

http://waoline.ipower.com/science/NewEnergy/BioEnergy/Links/WoodGasStove.pdf 

ResearchGate. (2012, September 26). What is the viability of bottling biogas? Are there any 

documented cases? Retrieved October 21, 2013, from ResearchGate: 

http://www.researchgate.net/post/What_is_the_viability_of_bottling_biogas_Are_there_an

y_documented_cases 

Resource Development International Cambodia. (2011). Ceramic Water Filter at RDIC. Retrieved 

August 27, 2013, from RDI Cambodia: http://www.rdic.org/water-ceramic-filtration.php 



129 
 

Retnanestri, M., Outhred, H., & Healy, S. (2008). The I3A Framework: Enhancing the Sustainability of 

Off-grid Photovoltaic Energy Service Delivery in Indonesia. Sydney: ISES-AP - 3rd 

International Solar Energy Society Conference - Asia Pacific Region (ISES-AP-08). 

Rural Costa Rica. (2007). Biodigester Design & Construction. Retrieved August 26, 2013, from Rural 

Costa Rica: http://www.ruralcostarica.com/biodigester.html 

Rural Electrification Fund. (2011). Report on Rural Electrification of the Kingdom of Cambodia for the 

Year 2010. Pnom Penh: Board of Rural Electrification Fund. 

San et al. (2012). Economic and environmental costs of rural household energy consumption 

structures in Sameakki Meanchey district, Kampong Chhnang Province, Cambodia. Energy, 

484-491. 

San, V., Sriv, T., Spoann, V., Var, S., & Seak, S. (2012). Economic and environmental costs of rural 

household energy consumption structures in Sameakki Meanchey district, Kampong 

Chhnang Province, Cambodia. Energy, 484-491. 

Schmidt, K. (2008). How to optimise symbiotic nitrogen fixation in organic crop rotation. Retrieved 

August 27, 20123, from 

http://www.isofar.org/publications/documents/Contribution_by_Knut_Schmidtke.pdf 

Sen, A. (1991). Development as Freedom. Oxford: Oxford University Press. 

Singh, A. N., & Singh, J. S. (1999, June 28). Biomass, net primary production and impact of bamboo 

plantation on soil redevelopment in a dry tropical region. Forest Ecology and Management, 

195-207. 

Smith, K. R. (2010, October 7). Cookstove Smoke and Health. Retrieved September 23, 2013, from 

Household Energy Network (HEDON): 

http://www.hedon.info/BP13_CookstoveSmokeAndHealth 

SNV Netherlands Development Organisation. (2013, August 27). Nothing but The Gold Standard for 

Cambodia’s National Biodigester Programme | SNV World. Retrieved October 21, 2013, from 

SNV World: http://www.snvworld.org/en/cambodia/news/nothing-but-the-gold-standard-

for-cambodias-national-biodigester-programme 

Staffel, I. (2011). The Energy and Fuel Data Sheet. Birmingham: University of Birmingham. 

To, L. S. (2013). Capacity Development: Case Studies of PV projects in Nepal and China. Sydney: 

UNSW. 

U.S. Library of Congress. (2003 - 2013). Country Studies: Cambodia - The Khmer. (U.S. Library of 

Congress) Retrieved August 27, 2013, from http://countrystudies.us/cambodia/42.htm 

UNDP. (2008). Residential energy demand in rural Cambodia: an empirical study for Kampong Speu 

and Svay Rieng. Cambodia: United Nations Development. 

UNICEF. (2003). Cambodia Statistics. Retrieved August 27, 2013, from UNICEF: 

http://www.unicef.org/infobycountry/cambodia_statistics.html 



130 
 

UNICEF. (2009). Arsenic in Cambodia. Retrieved August 28, 2013, from 

http://www.unicef.org/cambodia/As_Mitigation_in_Cambodia_2009.pdf 

Verschelling, J., & Diehl, J. C. (2010). Solar Lantern Development and Dissemination: From 

participatory design to implementation in rental scheme. Delft: Delft University of 

Technology. 

WB. (2009). Improved energy technologies for rural Cambodia. Cambodia: World Bank. 

Weatherspark. (2013). Average Weather For Phnom Penh, Cambodia. Retrieved 08 29, 2013, from 

Weatherspark beta: http://weatherspark.com/averages/33916/Phnom-Penh-Cambodia 

Weber, A. (2013). Chaom Trach Village Report. Chaom Trach: Raw Impact. 

Westpac Banking Corp. (2013, September 26). Foreign Exchange Rates | Westpac Business. 

Retrieved October 27, 2013, from Westpac Banking Corporation: 

http://www.westpac.com.au/business-banking/services/foreign-exchange-rates/ 

WHO. (2011). Cambodia. Retrieved August 27, 2013, from Country Profile: 

http://apps.who.int/nutrition/landscape/report.aspx?iso=khm 

World Bank & ASTAE. (2010). Cambodia: Supporting Self-Sustaining Commercial Markets for 

Improved Cookstoves and Household Biodigesters. Washington DC: World Bank. 

World Vision Inc. (2013). Donate Goat | World Vision. Retrieved August 27, 2013, from World Vision: 

http://donate.worldvision.org/OA_HTML/xxwv2ibeCCtpItmDspRte.jsp?item=78 

 

 


