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Abstract 
This paper reports on environmental impacts and health hazards as a result from inadequate 
management of organic household waste in developing countries. It gives details of water and 
soil contamination, air pollution and spread of diseases through expanding breeding grounds 
for pathogens, vectors and rodents. To manage this waste flow sustainably, decentralised 
composting and anaerobic digestions technologies have been studied to give an overall picture 
of existing appropriate technologies, including: windrow, box/bin/barrel, THM, aerated static 
pile, in-vessel, vermi, ARTI compact biogas digester and BARC’S NISARG-RUNA. 
Comparing different technologies showed that it is crucial to consider local conditions and 
markets when choosing which method to implement. However, the manual composting 
methods: windrow/box/bin/barrel, THM and vermi, are more likely to be appropriate in 
regard to current conditions in developing countries. A comparison between the 
environmental impacts of anaerobic digestion and composting did not result in a clear 
indication of which technology is most favourable. However, in the literature studied, biogas 
production showed an overall better energy balance, and composting a better result regarding 
nutrient recycling and xenobiotic compounds. In terms of the mitigation effect on global 
warming, the results varied essentially depending on the technology used and its loss of 
methane during the biogas production process. Finally, this paper investigates common 
constraints for implementation of the above-mentioned technologies, as well as 
recommendations for future projects. The study of general constraints revealed the need for 
directing attention to education, key consequences and benefits, co-operation, exchange of 
knowledge and bottom-up driving forces, for sustainable and successful implementation of 
organic household waste management practices in developing countries.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key words: organic waste, household, waste management, developing countries, 
environmental impacts, composting, anaerobic digestion, biogas, constraints, 
recommendations.
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1. Introduction 
Solid waste has become a major problem in developing countries, which in this report refer to 
low- and middle-income countries. As a result of limited funds and poor management 
practices, a large fraction of municipal solid waste is not collected nor properly disposed of, 
and the problem is rapidly aggravating with increased urbanisation (Eawag 2008). Because of 
lacking collection systems, municipal solid waste is also often burned, buried or dumped in 
streets, drains, riverbanks and seashore. 
 
The waste generated from households count for a large percentage of the municipal waste 
stream and thus contributes to serious environmental impacts and health hazards. 
Additionally, aiming at sustainable development, solid waste should be seen as a valuable 
resource since most fractions may be reused or recycled.  
 
A number of projects are trying to implement technologies for management of municipal 
solid waste in developing countries. Unfortunately, many fail to be long-term sustainable. 
Therefore, there is an increasing need to address appropriate technologies and integrated 
management strategies. 
 
This report aims to raise awareness of issues related to inadequate management of household 
waste and to gather knowledge from previous studies of how to implement sustainable waste 
management practices. 
 

1.1 Objectives 
1. To identify the characteristics of the solid waste flow generated from households in 

developing countries. 
2. To describe environmental impacts and health hazards from the current 

disposal/management practices of one large waste group identified in objective 1. 
3. To identify appropriate technology and strategies for sustainable management of the 

waste category described in objective 2. 
 

1.2 Method 
This study is a qualitative literature review where the information given primarily originate 
from: 

• Scientific reports from Science direct, Sage journals online and SpringerLink 
• Reports published by UNEP, Eawag/Sandec, WASTE and other environmental 

organizations 
• Course literature in environmental science & chemistry 
• The Goggle search engine 
• Personal communications with Greg Wolff, who has practical experience of waste 

management in the Pacific Islands and Indonesia  
 
Scientific reports were studied with the aim to find comparable waste flow data from 
developing countries. Since research from different countries often showed a variation in 
characterisation of waste, data was chosen from sources that indicated similar approaches. 
Little in-depth data was found on environmental impacts from inadequate disposal of organic 
waste and the implications discussed in this report are thus to a great extent the authors 
theories, based on data found in environmental chemistry and science literature. Furthermore, 



 3 

literature was searched for appropriate technologies. Composting and biogas technologies 
were identified as the most preferably treatment options, since sanitary landfilling is the least 
favourably in the waste hierarchy developed by Agenda 21, and incineration often means 
more expensive and centralised technologies. Composting technologies commonly described 
in the literature and reports studied, and/or that showed good potential, were chosen for 
further studies, and evaluated in respect to the criteria for appropriate technology published by 
the Indian “Ministry of Urban Development and Poverty Alleviation” in Zhu et al. (2008). 
Pit/trench composting was also described in some of the literature studied. However, this 
method was not chosen as an appropriate technology in this report since it does not allow 
simple leachate collection or other control measures. Regarding biogas production only two 
technologies with different capacities, that are currently in use and show good potential for 
managing organic household waste, were chosen to be included in this report. In regard to 
constraints and recommendations previous studies were examined to find common issues and 
proposed advice. Additionally the topic was discussed with Greg Wolff who has practical 
experience of waste management, working on projects in the Pacific Islands under AusAID’s 
Pacific Technical Assistance Mechanism (PACTAM), and in Indonesia undertaking private 
development projects.  
 

1.3 Scope 
The organic waste flow in this report is restricted to only concern organic household wastes 
such as food and garden wastes, not including human waste. Furthermore, the environmental 
impacts and health hazards described only refer to implications from inadequate disposal and 
other stages in the products life cycle are not considered. Regarding sustainable technologies, 
emphasis has been put on decentralised aerobic composting techniques, but also small-scale 
biogas production systems are considered. Decentralised composting techniques will in this 
report include small-scale backyard techniques and medium-sized community techniques, and 
decentralised biogas systems will be referred to small-scale alternatives for single households 
and communities. Furthermore, this report does not include co-composting, which is 
composting with more than one material i.e. organic wast and faecal sludge, and its 
applicability.  
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2. Characteristics of municipal solid waste 
Solid waste (SW) is material, which is not in liquid form and has no value to the owner. It is 
commonly classified on the basis of its sources such as: municipal solid wastes, industrial 
solid wastes, agricultural wastes, mining and mineral wastes, constructions and demolition 
wastes, healthcare wastes, radioactive wastes, human and animal wastes (Omofonmwan and 
Eseigbe 2009). Municipal solid waste (MSW) can be defined in several ways. Eawag (2008, 
p.3) defines MSW as “all the waste generated, collected, transported, and ultimately disposed 
of within the administrative boundary of a municipal authority.”  MSW generally includes 
household waste, garden and park waste, commercial and institutional waste. The major 
categories of municipal solid wastes include: putrescibles, paper, plastics, textiles, metal, 
glass, ceramics and some hazardous wastes as electric lights bulbs, batteries, discarded 
medicines and automotive parts (UNEP 2005).  
 
The volume and type of MSW generated in developing countries depends on the standard of 
living, consumption patterns, commercial and institutional activities and the geographical 
location. Research has shown that the gross national income (GNI) often is related to the 
volume of waste generated and there are two factors that often result in a rapid increase of 
waste: (1) rapid economic growth and (2) rapid urbanisation. The global trend of increased 
generation of waste with improved economic situation has resulted in a rapid increase of 
waste in newly industrialised, middle-income countries like China (Eawag 2008). This could 
also be seen as an indication of future waste generation as many developing countries are 
staring to emulate the lifestyle and attitudes of industrialised, high-income countries. The 
difference in generation of MSW in different countries according to their GNI is illustrated in 
table 2.1.  
 
Table 2.1 MSW generation in 5 different countries according to income level (Eawag 2008). 

 
 
 
 
 
 
 
 

 

2.1 Characteristics of household waste in developing countries  
The household waste categories in developing countries are similar to them in industrialised, 
high-income countries. However, the quantity and magnitude of the different categories vary, 
often even within one country (Al-Khatib et al. 2010). In developing countries a large part of 
the municipal solid waste flow is organic, biodegradable wastes, which originate from 
households, including peelings from fruit and vegetables, food remnants and leaves 
(Cointreau 2006). The composition of waste is commonly compared on a weight basis, as the 
weight is important for collection, transportation and disposal services. The density 
sometimes also varies between seasons, where the rainy season generally results in even 
higher density of the municipal waste flow (Philippe and Culot 2009). Figure 2.1 illustrates 
the magnitude of the organic waste flow from households in developing countries compared 
to Switzerland as an industrialised, high-income, country. It is clear that the organic waste 
flow is the largest waste flow from households and ass an indication of waste generation, the 

Country 
 

MSW generation 
(kg/capita/year) 

Income level 
(GNI) 

United States  720 High income 
France 450 High income 
Mexico 328 Middle income 
India 128 Low income 
Nepal 178 Low income 
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organic waste flow of 55,1 percent from households in Abuja city, Nigeria, contributes with a 
flow of 94626 metric tonnes per annum (Adama 2007).  
 

 
Figure 2.1 Average composition of household solid waste  (% of weight) in 5 different 
countries: Cape Haitian, Haiti (Philippe and Culot 2009), Abuja, Nigeria (only food waste 
accounted) (Adama 2007), Gaborone, Botswana (Bolaane and Ali 2004), Siem Reap, 
Cambodia (Parizeau et al. 2006), Geneva, Switzerland (Bolaane and Ali 2004). 
 
The amount of waste generated from households per person is also less in developing 
countries than in industrialised, high-income countries. For example the generation rate for 
household waste in Haiti is 0.21 kg per capita per day, compared to USA were it has been 
calculated to 2.10 kg per capita per day (Philippe and Culot 2009). The organic waste 
generated per capita per day in 5 countries have been calculated and shows an average of 0.22 
kg per capita per day, see table 2.2.  
 
Table 2.2 Organic household waste generation per capita per day in Cape Haitian, Abuja, 
Gaborone and Siem Reap. 

City/Country Organic waste 
generation 

(kg/capita/day) 

References 

Cape Haitian, Haiti 0.14 Philippe and Culot (2009) 
Abuja, Nigeria 0.32 Philippe and Culot (2009) and Adama (2007) 
Gaborone, Botswana 0.22 Bolaane and Ali (2004) 
Siem Reap, Cambodia 0.18 Parizeau et al. (2006) 

 

2.2 Current management of MSW in developing countries 
In developing countries there is a growing concern of inadequate management of waste, 
particular in urban areas where the consumption patterns have changed and the generation 
rate increased substantially. Even though collection services of municipal waste in developing 
countries often account for the largest percentage of the municipal waste management budget, 
the collection systems are often insufficient. Furthermore, appropriate transport services are 
often lacking, as well as suitable treatment and disposal facilities (Eawag 2008). According to 
Al-Khatib et al. (2010) collection services are deficient for up to 50 percent of the urban 
population in developing countries. The most common disposal method is open and 
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uncontrolled dumping at dumpsites, but also dumping in streets, drains, rivers, oceans occur 
frequently, as well as burning of waste in the backyard (Environmental Foundation 2007). 
Figure 2.2 indicates the extent of inadequate disposal practices in developing countries. 
However, in some developing countries composting is advancing, mainly in Asian countries. 
In some rural areas organic waste is also sometimes used for domestic animal rearing (Eawag 
2008). Nevertheless Drescher and Zurbrügg (2006) indicate that on a global scale there are 
few existing and operating composting facilities for organic household wastes in developing 
countries. Furthermore, anaerobic digestion technologies have lately been implemented for 
organic household waste in some parts of India, Nepal and China (Dübendorf 2007).  
 
From studying the household waste flow and the municipal waste management in developing 
countries it is clear that organic waste is most commonly not disposed of adequately. The 
inadequate disposal results in negative environmental and health consequences, which will be 
discussed further in section 3.  
 

 
Figure 2.2 Treatment and disposal practices for MSW in 9 countries (modified from Eawag 
2008).  
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3. Environmental impacts and health hazards from organic 
household waste 
The environmental effects and the extent of pollution present depend on the properties and 
conditions of the environment in which the organic waste is disposed (Manahan 2005). It is 
therefore not certain that inadequate management of organic waste will have the same 
implications in all areas. However, in this section general effects on the environment and 
health hazards are discussed as a guideline for likely implications.  
 

3.1 The degradation process of organic matter 
Biodegradation of organic matter is a crucial and natural environmental process that occurs in 
both terrestrial and aquatic environments. The process takes part in a number of microbial 
catalysed reactions such as oxidation, hydroxylation, hydrolysis, reduction, dehalogenation 
and dealkylation. The oxidation process of organic material may take place by different 
oxidising agents, such as oxygen, nitrate and sulphate. As long as oxygen is present, oxygen 
is the favoured oxidizing agent and biodegradation of organic matter; however, if oxygen 
becomes depleted, decomposition continues by the reduction of other oxidising agents, such 
as sulphate, SO4

2-, which results in production of the toxic gas hydrogen sulphide, H2S. 
Degradation of organic matter results in formation of carbon dioxide and methane, where 
anaerobic decomposition results in extensive production of methane (Manahan 2005). 

 

3.2 Water contamination 
When organic waste decomposes at open landfills and gets infiltrated with rain a leachate, 
containing dissolved organic waste extracts, is produced. The organic content of the leachate 
results in a biochemical (also called biological) oxygen demand (BOD), which is a measure of 
the amount of dissolved oxygen consumed during microbial oxidation of the organic content. 
Leachate with a high level of BOD may deplete oxygen from receiving groundwater, surface 
water or other water bodies that the leachate comes in contact with (Cointreau 2006). The 
suspended organic particles in the leachate may also contribute to the transportation of heavy 
metals and other pollutants. Contaminants bind to the surface of suspended particles by 
adsorption, and may thereby be transported long distances, as well as being more accessible 
for organisms. The anaerobic degradation of organic matter also produces organic acids that 
give the leachate a tendency to dissolve acid-soluble solutes such as heavy metals. Thus the 
organic content of the leachate increases the risk of leachate being contaminated with heavy 
metals i.e. Groundwater pollution may persist for years, decades and sometimes even 
centuries, and remediation methods are often difficult, time consuming and expensive 
(Manahan 2005). If the leachate reaches a water body that is not reaerated efficiently, the 
oxygen level will eventually be depleted, resulting in an aquatic environment that can no 
longer support higher forms of aquatic life, which are dependent on oxygen. This may also 
occur if large quantities of organic waste is dumped directly in water bodies or transferred 
there by rainwater, as the degradation of organic matter in aquatic environments results in 
excessive oxygen consumption. If the oxygen level reaches zero, the toxic gas hydrogen 
sulphide may form, which will be the cause of death for all higher organisms that cannot 
escape the toxic environment. This aquatic environment is eventually limited to only support 
an excessive anaerobic bacterial growth (Bernes 2005).  
 
Leachate-contaminated groundwater seldom contains disease-carrying microorganisms, 
because of the ion exchange and adsorption mechanisms in most soils. However, when a 
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leachate gets discarded to surface water, people may get infected through their bathing, food 
irrigation, drinking supply, as well as from eating contaminated fish. In developing countries 
one of the most common causes of death among children under 5 years is diarrheal disease 
caused by contamination of water supplies (Cointreau 2006). Contamination of surface-waters 
is most likely to occur during floods in the rain season (Boadi 2005). 
 
Degradation of organic material also results in the formation of carbon dioxide. Carbon 
dioxide is an essential element in water; however, in high concentrations it may influence the 
respiration and gas exchange of aquatic animals, which sometimes may be a cause of death 
(Manahan 2005).  
 

3.3 Soil contamination 
Organic matter is a source of essential and non-essential minerals. Research has shown that 
there is a large difference in the organic content found in the soils of dumpsites, compared to 
non-dumpsites. The high levels of organic matter results in increased nutrient content, which 
may lead to increased soil productivity and plant growth (Anikwe and Nwobodo 2002). 
Biodegradation of organic wastes at dumpsites also results in increased levels of organic 
nitrogen in the soil. Nitrogen is mostly available as nitrate, NO3

-, and some plants may absorb 
an excessive amount of nitrate from nitrogen rich soils. Plants having excessive amounts of 
nitrate may poison ruminant animals such as cattle, and endanger people if the plants are used 
for silage. Silage is grass or other green fodder, fermented in a structure called a silo. Under 
the fermentation, reduction of nitrate may produce the toxic gas, nitrogen dioxide, NO2, 
which can accumulate to high levels in enclosed silos and be the cause of death for people 
that come in contact with these silos (Manahan 2005). 
 

3.4 Air pollution 
Air emissions from degradation of organic material in landfills mainly consist of methane, 
CH4, and carbon dioxide, CO2, but also nitrogen dioxide, NO2, hydrogen sulphide, H2S, and 
other trace gases. According to Drescher and Zurbrügg (2006) organic matter in landfills are 
generally decomposed anaerobically, resulting in primarily methane production. However, 
research from a landfill in India showed that the majority of organic waste at the landfill was 
decomposed aerobically, resulting in primarily carbon dioxide emissions. The lower 
emissions of methane in this case were explained by the lower height of the MSW deposits, 
leachate of organic matter, open burning and climate conditions (Jha et al. 2008). Both carbon 
dioxide and methane are greenhouse gases that may contribute to global warming if released 
in larger quantities. However, production of carbon dioxide from the degradation of organic 
waste should be regarded as a natural process, and it is thus mainly methane production from 
extensive anaerobic degradation at open landfills that is of concern. Methane also has a 25-
fold stronger impact on global warming than carbon dioxide (over a 100-year time horizon). 
Furthermore, methane produces carbon monoxide as an intermediate oxidation product. 
Carbon monoxide is a toxic gas that may cause visual perception, headaches, loss of 
consciousness, or death if inhaled in larger quantities. In high concentrations carbon 
monoxide may cause local air pollution because of its toxicity (Manahan 2005). Anaerobic 
decomposition may also produce nitrogen dioxide, NO2, which may cause inflammation of 
the lung tissue and in higher levels cause death. Also plants have shown damage from 
extensive exposure to NO2. Under the right conditions nitrogen dioxide is also accessary in 
the formation of photochemical smog, production of acid rain, and depletion of stratospheric 
ozone (Manahan 2005). Furthermore, anaerobic degradation at open landfills also results in 
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production of hydrogen sulphide, H2S, which may cause upper airway irritation and nausea 
for surrounding people (Cointreau 2006). Production of hydrogen sulphide also results in 
unpleasant odours, which have been recognized as an environmental nuisance (Boadi 2005). 
In the atmosphere hydrogen sulphide is quickly converted to sulphur dioxide, SO2, which is 
harmful to plants. Sulphur dioxide can also be converted to sulphuric acid, which may 
contribute to acid rain (Manahan 2005).  
 
Furthermore, open burning of organic waste contributes to air emissions of methane and 
nitrogen oxides. Open burning of organic yard waste also results in emission of complex 
organic compounds such as polycyclic aromatic hydrocarbons (PAHs). PAHs are organic 
particles, which consist of aromatic molecules and some are cancerogenic. They are usually 
produced under incomplete burning (Manahan 2005). In open landfills fires also eventually 
brake out spontaneously and contribute to the air emissions (Joseph 2002). Burning and 
decomposition of organic waste also causes exposure to aerosol particles, also called organic 
dust, containing bacteria and fungi, which have been shown to increase the risk for respiratory 
diseases. Gram-negative bacteria, classified from its cell wall structure, cause a threat because 
it produces endo-toxins, which are harmful to the pulmonary immune system. Furthermore, 
filamentous fungi, for example mould, is a hazard since they can cause allergic reactions and 
Mycotoxins, which are metabolites of the filamentous fungi, have also shown to restrain the 
pulmonary defence system and thus increase the risk for respiratory cancer (Cointreau 2006). 
Organic dust may also affect the visibility in the atmosphere, as well as serve as an active 
surface for chemical reactions (Manahan 2005).  
 

3.5 Breeding grounds for microorganisms and attraction of vectors and 
rodents 
The dumping of organic wastes in drains and open landfills serve as a feeding ground for 
disease carrying pathogens, as well as attracting disease-carrying vectors and rodents. Of 
concern is for example the anopheles mosquito, which is one type of the mosquitos that 
transmits malaria. In the city of Accra, Ghana, malaria is today the leading cause of death, 
accounting for 53 percent of the reported diseases (Boadi 2005) and in Argentina there was an 
incident in 1996 where 10 persons got killed by the Hanta virus; a result from inhalation of 
rodent urine at open dumpsites (Cointreau 2006). According to estimations done by the World 
Health Organization (WHO) contamination of water and unhygienic conditions are 
responsible for up to 80 percent of diseases in developing countries (Deboosere et al. 1988).  
 
Another problem in developing countries is the improper storage, such as open containers, for 
organic household wastes. Open containers attract for example vectors like flies, which may 
be carriers of diseases trough food contamination, either by direct contact with food or 
through their droppings. Food contamination by flies has for example resulted in a high 
incidence of diarrhea disease among young children in Ghana (Boadi 2005). Furthermore, the 
fact that domestic animals often feed on dumped organic waste in developing countries 
contributes to the spread of diseases. Additionally, domestic animals are in some countries 
also consumed by people, which increase the risk for disease transferring (Cointreau 2006). 
 

3.6 Aesthetics 
Apart from contamination of air, soil and water, as well as spread of diseases, dumping of 
organic waste in the streets and other places has an impact on the overall landscape picture 
and results in the place being unsightliness (UNEP 2005).  
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4. Decentralised management and appropriate technology  
As identified in section 2 the organic waste flow may cause serious implications when not 
managed adequately. Aiming at sustainability the two favoured options for dealing with 
organic solid waste is today argued to be composting and biogas production (Dübendorf 
2007). The benefits from these practices are many. They do not only decrease possible 
contamination of the environment and reduce health hazards; they also save valuable space at 
landfills, as well as serving as valuable resources. Using compost as a soil improvement may 
decrease the need for chemical fertilizers, as well as help to reduce soil erosion and improve 
the soil structure in agricultural (Rouse et al. 2008). From a household perspective compost 
could also improve the conditions for private farming in the backyard and urban agriculture. 
Biogas on the other hand is an energy source with a low carbon footprint, and the residues 
after digestion may also be used as soil improvement (Rouse 2008). The use of biogas for 
household cooking would reduce air pollution (if substituting combustion of firewood) and 
could hence significantly improve living conditions, especially for women since they are 
often the ones responsible for cooking and collection of firewood. A reduced usage of 
firewood would also result in reduced deforestation (Dübendorf 2007).  
 
Composting and biogas production of organic household waste may evolve at different levels 
and with various techniques, ranging from small-scale decentralised backyard and community 
techniques to large-scale centralised techniques. The choice of technique will depend on 
many factors, including volume of organic waste generated, land availability, cost and 
availability of water and electricity, cost of labour and possible markets for the end product 
(Rouse 2008). Cofie and Bradford (2010) argue that the best option is decentralised and close 
to its generation source. This may be explained by the extra cost of transporting organic waste 
to centralised facilities. Since the organic waste gives the municipal waste stream a high 
density, it demands specially designed transportation vehicles as well as being more costly to 
transport. Thus, managing the organic waste close to its source is an important aspect also for 
saving transportation costs. Rothenberger et al. (2006) summarises advantages with 
decentralised composting systems and argues that their main benefits are related to simple 
technologies, generation of employment, improved relation between authorities and private 
households, raising of environmental awareness, as well as decreased independence of the 
already insufficient municipal waste management systems. Drescher and Zurbrügg (2004) 
also write that decentralised management schemes are more flexible and therefore adaptable 
to external changes. In contrast to decentralised schemes, centralised techniques require 
technical machinery, which is often costly to invest in, as well as to operate and maintain. 
Additionally it requires workers with high technical skills (Rothenberger et al. 2006). Many 
large-scale biogas digesters have also failed because of over-size, advanced technology and 
maintenance problems. As a result the attention in India today is on low-tech, decentralised, 
small-scale alternatives (Dübendorf 2007). Decentralised organic waste management systems 
may be organised and initiated by a number of different stakeholders, such as 
neighbourhoods, single households, private companies, governmental authorities and 
institutions, such as NGOs (Drescher and Zurbrügg 2006). 
 
For both composting and biogas production the management process as a whole includes 
various steps from initial sorting, to transportation, mixing and final usage or sale. Organic 
waste from households should be separated at source to decrease the risk of contamination, as 
well as increase the quality of the end product and ensure safe working conditions for the 
people handling the waste (Hoornweg et a. 1999).  
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4.1 The composting process 
Composting is defined as biological decomposition of waste under controlled conditions, with 
the help of microorganisms, insects and worms. There are two main ways of composting 
organic material: anaerobic and aerobic. Anaerobic composting is decomposition by 
organisms that thrive in low or no-oxygen conditions. Aerobic composting on the other hand 
is decomposition by organisms that thrive in high oxygen conditions (Rouse 2008). Aerobic 
composting is compared to anaerobic a faster process, produces less repulsive odours, and 
kills pathogens, eggs, and larvae of flies more efficiently (Mbuligwe et al. 2002). Anaerobic 
processes are also harder to control and require more complex equipment to be successful 
(Practical Action 2008). For these reasons, anaerobic systems do not appear to be the 
preferred method in developing countries and will not be discussed further in this report.  
 
The aerobic compost process may be divided into three phases: 

1) Degradation phase: is the process where aerobic microorganisms degrade carbohydrates 
and amino acids into simpler compounds such as carbon dioxide and water. 
Microorganisms will under the right conditions multiply exponentially and their activity 
results in high temperature of the compost, over 60°C. It generally takes one week with 
high temperature to eliminate pathogens and weed seeds. After around one month the 
microorganisms’ activity will slow down and the temperature decrease as a 
consequence. Different species of fungi will then dominate to ensure decomposition of 
cellulose and proteins (Rothenberger et al. 2006).  

2) Transformation phase: is the second phase where the temperature is around 30-40°C and 
the compost continues degradation by mesophilic invertebrates, such as mites, beetles, 
worms and snails. These invertebrates are responsible for degrading coarse compost 
material into smaller parts that looks like soil, but is not yet chemically stabilised 
(Rothenberger et al. 2006). 

3) Synthesis or maturation phase: is the phase where the compost gets stabilised to 
nutrient-rich humus, for example is nitrite transformed to nitrate. It generally takes 
around 3-6 months for the whole composting process to be completed, depending on 
factors such as climate and waste material (Rothenberger et al. 2006). 

 
It is of great importance to control and maintain the right conditions during the composting 
process. This ensures an efficient process and a good quality end product, as well as no 
nuisance, such as bad odours. The right conditions for aerobic composting include: 

• Carbon/nitrogen (C/N) ratio between 25:1 and 31:1, with the 30:1 ratio as optimal. 
This is because the active bacteria’s digest carbon twenty five to thirty times faster 
than nitrogen (Philippe and Culot 2009). Leaves, straws and woody materials serve as 
a major source for carbon, while grass and food scraps serve as the major source for 
nitrogen (Davies and Masten 2004). 

• Moisture content of 50-60 percent. The water content is important because the 
microorganisms can only dissolve nutrients from the liquid phase (Rothenberger et al. 
2006). However, too high moisture content in organic waste may decrease the 
microbial activity by limiting gas exchange and oxygen utilisation (Philippe and Culot 
2009). Rouse (2008) states that the ideal moisture level is 40 percent. 

• Oxygen level needs to be sufficient to ensure aerobic decomposition (Rouse 2008). To 
achieve a good oxygen level, the compost can be turned and/or aerated through active 
or passive aeration (Rothenberger et al. 2006). 

• pH level should be between 5.5 and 8 (Rouse 2008). 
• Temperature With the right conditions the temperature should reach up to 60°C from 

the microbial activity. The high temperature is important since it speeds up the 
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process, as well as destroys pathogens and weed seeds that may spread diseases 
(Rouse 2008). 

• Particle size affects the rate of degradation and shredded, small pieces of organic 
waste decompose more rapidly. On the other hand particles that are to fine should also 
be avoided since they may reduce permeability and air circulation (Rothenberger et al. 
2006). 

Furthermore, the feedstock may affect the conditions and efficiency. Organic waste such as 
meat, fish, bones, wood and coconut shells degrade slowly and may therefore slow down the 
composting process (Hoornweg et al. 1999). Also the climate and altitude may influence the 
compost efficiency, where cold weather, high altitude or very dry air may slow down the 
process (Rouse 2008). Contrary humid and rainy conditions have been shown to be more 
problematic than arid, due to restricted infiltration of oxygen in the organic matter caused by 
the high moisture level (Deboosere et al. 1988).  However, Cofie and Bradford (2010) argue 
that the existing climate in most developing countries is ideal for composting.  
 

4.2 Composting methods 
The principal role of the composting equipment is as UNEP (2005) defines it “ to provide an 
economically and technologically feasible set of optimum environmental conditions or factors 
for the microbes.” Some confusion exists of the terminology of composting systems 
(Drescher and Zurbrügg 2004). The main two categories are generally described as open 
systems and closed or in-vessel systems (Cofie and Bradford 2010). Because of unclear 
definitions of composting categories, the composting methods described in this report will not 
be classified as open or closed systems. However, most would probably be described as open, 
if a closed system only refers to in-vessel systems, with mechanical control functions. 

4.2.1 Heap and windrow composting (passive aeration) 
Windrow composting is yet the most simple and cheapest method available (Rouse 2004a). 
However, it is land-intensive as organic waste is piled up in heaps or elongated heaps called 
windrows (Cofie and Bradford 2010). To ensure sufficient oxygen windrows are turned either 
manually or mechanically preferably once a day, but this may vary. Windrow composting 
may be carried out in small-scale in the backyard, as well as in medium-scale neighbourhood 
schemes. However, manual windrow composting schemes should not exceed 5 tonne per day, 
as the work requires lot of physical activity. The compost pile should be protected from rain 
and sun with a roof, which may also be used to collect rainwater for watering the compost. If 
no roof is available a jute or composting fleece may be suggested, which will also help to 
prevent vectors and animals from entering the compost. To allow excess water to drain, the 
windrow could preferable be placed on a slightly sloped concrete slab, which at the lower end 
could have a channel for collection of leachate. To enhance the degradation process and 
ensure sufficient oxygen a triangular aerator made from for example bamboo may be used 
(Rothenberger et al. 2006). Instead of a concrete slab a porous base may also be built from 
peat, compost, straw or grass.  Use of biofilters, such as a mixture of compost and wood 
chips, also help to maintain the right conditions, reduce odours and prevent flies from 
breeding. Another passive aeration method, where no turning is necessary, is the “Chinese 
covered pile system”. In this method bamboo poles are put in the heap, which is then covered 
with clay and left to dry. Once the clay is dry the bamboo poles are removed and left are air 
ducts within the heap (Hoornweg et al. 1999). Manual windrow composting is for example 
carried out in Dhaka, Bangladesh (Rouse et al. 2008). 
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4.2.2 Aerated static pile or windrow (forced aeration) 
The aerated static pile system is windrow composting but with a forced-air aeration system. 
The airflow is generated from a motor driven ventilator (Rouse et al. 2008). To adjust the 
temperature and airflow a programmed timer or temperature sensor are most commonly used. 
Temperature sensors are the most preferable, but they are also more expensive and have a 
more complex control system (Hoornweg et al. 1999). The general construction of a static 
windrow system includes a perforated pipe in the bottom, constructed as a loop, and with non-
perforated pipe connected to the blower. The installed loop is then cover with a porous base 
layer as for the passive windrow system, followed by the composting mass, and additionally 
covered with a biofilter. Compost that has been resident for 21 days with forced aeration may 
be left to mature in heaps without forced aeration. A problem with the static pile is that the 
particle size needs to be less than 3 to 4 cm, so often an initial step of shredding is necessary 
(UNEP 2005).  

4.2.3 Box, bin and barrel composting (passive aeration) 
There are a various sizes and designs of compost boxes, also called bins, used in developing 
countries. They are often made of concrete, plastics or metal. The concrete ones has been 
defined as the most cost-effective and environmentally friendly alternative (Practical Action 
2006). Box composting requires a relative small land area, since the compost may be piled 
higher, and can be placed in the backyard or on the streets (sizes accordingly). Box 
composting requires less manual work than windrow composting. However, the box system is 
more expensive to invest in and requires more construction initially. The compost site should 
be put on a concrete slab like for windrow composting, with drainage channels between the 
boxes for leachate collection. The site should also have a roof or lid to protect the compost 
from rain and sun. To ensure sufficient oxygen in the box, the walls and bottom of the box 
should have holes or gaps between bricks. The box may have also have a base with small, 
perforated PVC pipes or coated metal grid, as well as perforated PVC pipes placed vertically 
inside of the box for improved aeration. If these additional pipes are used, as well as compost 
being laid in no thicker layer than 20 cm per day, no turning is required. Once the composting 
material is degraded, generally after 40 days in a box, the compost may mature in a heap 
outside the box  (Rothenberger et al. 2006). Another type of box/bin that has been introduced 
in Dhaka, Bangladesh is the so-called barrel. The barrel method consists of a concrete or steel 
barrel with a capacity of 160 kg and perforated walls to facilitate aeration (Rouse 2004a). The 
steel barrels only have a lifetime of 5 years because of corrosion, and it is therefore suggested 
to only use concrete barrels (Rytz 2001). The waste is placed in the top part of the barrel and 
collected from the bottom as ready compost after generally 4 months. Barrels may be placed 
in the backyard or on the streets in urban areas (Rouse 2004a).  

4.2.4 Takakura Home-method (THM) 
Takakura Home-Method is a method that was developed by Mr. Koji Takakura, from the 
Japanese JPEC Company. The technique is simple and cheap, as well as being made from 
materials available. The system is well ventilated, while preventing insects from entering and 
if it is kept in a good condition it does not produce any bad odour, hence it may be placed 
inside the house. THM consist of a portable box with holes, a piece of cardboard or rice-sack, 
and rice husk to absorb excess moisture in the bottom. Furthermore, an anti-insect net is used 
as a lid (BORDA-South East Asia 2007). What makes THM different is the use of aerobic 
fermentation-organisms, also called native microorganisms (NM), which are produced in an 
initial step from fermented local materials such as fresh fruits, vegetable peels, coconut wine, 
brown sugar, rice bran and rice husks. The organic household waste is also preferably 
shredded into smaller pieces with a scissor i.e., which together with the NM speeds up the 
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composting process. The THM has been introduced in for example Surabaya, Indonesia, 
where around 20 000 households are using the method (Mori 2009).  

4.2.6 In-vessel - Forced aeration compost bin 
In-vessel composting is a closed system with various mechanical functions for aeration and 
other control processes. By mechanical control of air, temperature and oxygen level these 
systems are made to minimize unpleasant odours and make the composting process as 
efficiently as possible. There are two main in-vessel systems: plug flow and dynamic. In the 
plug flow systems waste is pushed through a one-way system and in the dynamic systems 
material is continuously mixed. Examples of plug flow systems are bin composting with 
forced aeration and dynamic systems are for example agitated beds and rotating drums. In-
vessel systems are more expensive to invest in and maintain and may therefore not suit low-
income, decentralised composting schemes (Hoornweg et al. 1999). One of the more simple 
forms of in-vessel composting is bin composting with forced aeration. Here the composting 
material is placed in a box with a roof or lid, such as for the box/bin method with passive 
aeration, and aerated by a forced-air aeration system placed in the bottom. Bin composting is 
similar to the aerated static pile system, with the difference that the compost is placed within a 
box and therefore may be piled higher and save land area (Misra and Roy 2010). Bin 
composting with active aeration is for example used in Bangalore, India (Drescher and 
Zurbrügg 2006). 

4.2.7 Vermicomposting  
Another low-cost composting method is vermicomposting, which uses specific redworms and 
earthworms, for example the Red Californian (Eisenia foetida), rather than microorganisms 
for the degradation of organic matter (Hoornweg et al. 1999). The worms casting are rich in 
nitrate, phosphorus, potassium, calcium and magnesium and the compost is therefore of high 
quality. It has also been showed that vermicomposting helps aeration as well as speeds up the 
composting process and increases particle reduction (Misra and Roy 2010). Vermiculture is 
preferably carried out in small or medium scale and it may be placed in shallow beds or bins 
outdoors or inside the house (Resource Conservation Manitoba 2010). Worms need 
favourable conditions just like microorganisms and the composting material therefore needs 
to be managed carefully. The nutrient content should be sufficient, humidity should be around 
70 to 80 percent and temperature between 20 to 25°C (UNEP 2005). It is also important that 
the beds or bins are perforated, since worms require oxygen (Resource Conservation 
Manitoba 2010). According to Drescher and Zurbrügg (2004) vermicomposting may also be 
carried out in windrows. Although vermicomposting is a promising method it has been found 
that worms are more sensitive to extreme temperatures and contamination than 
microorganisms, and pathogens may survive because of the lower temperature. Since the 
compost should not be piled very high with this method it also requires more space. 
Vermicomposting is carried out successfully in low-income, densely populated areas in for 
example Indonesia (Hoornweg et al. 1999). 

4.3 Evaluation of composting methods 
The feasibility of the different composting methods presented in the last section is site-
specific and has to be evaluated based on technological feasibility, costs, and local conditions 
regarding social and environmental aspects (Hoornweg et al. 1999). The comparison is also 
obstructed by the fact that many different variations exist within one category of composting 
method. Regarding selection criteria for appropriate technology slightly different approaches 
have been found in literature. However, in this report the methods will be compared from a 
constraining criteria perspective in regard to appropriate technology criteria established by the 
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Indian “Ministry of Urban Development and Poverty Alleviation” (Zhu et al. 2008). The 
comparison is presented in table 4.1 and explained below.  
 
Table 4.1 Comparison of decentralised composting technologies from a constraining criteria 
perspective, based on selection criteria for appropriate technology. 
Constraining 
criteria 

Windrow Aerated 
static heap 

Box, Bin 
& Barrel 

THM In-
vessel 

Vermi 

Technical       
1) Experience of 
technology in 
local conditions 

      

2) Scale of 
operation 
 

 
X 

  
X 

 
X 

 
 

 
X 

3) Land 
requirement 

   
X 
 

 
X 

 
X 

 
(X) 

4) Availability of 
electricity and 
water 

 
X 
 

  
X 

 
X 

  
X 

5) Locally 
available spare 
parts 

 
X 
 

 
 
 

 
X 
 

 
X 
 

  
X 
 

6) Process 
aesthetics 
 

   
X 
 

 
X 
 

 
X 
 

 
(X) 

 
7) Environmental 
impacts 
 

 
 

 
 

 
 

 
 

 
 

 
 

Financial        
8) Investment cost  

X 
 

 
 

 
 

 
X 
 

  
X 
 

9) Operation cost  
 
 

     

10) Financing 
mechanisms 
 

 
X 

 

  
X 
 

 
X 
 

  
X 
 

11) Market for 
end product 

 
X 

  
X 

 
X 

 
 

 
(X) 

 
Managerial        
12) Labour 
requirement 

 
 

 
X 
 

 
X 

 
 

 
X 

 

13) Skills for 
operation, 
maintenance, 
management 

 
 

X 
 

  
 

X 
 

 
 

X 
 

 
 

 
 

X 
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Explanation 
1) This criterion is not compared in this report since it depends on the local history of 

composting practices. However, it might be recommended to continue with a previous 
or existing technology, since people might already be familiar with the equipment and 
procedures. However, if the previous technology has failed, it is likely that the same 
technology will gain sufficient support for further continuation.  

2) If the scale of the operation is constraining; there is for example no interest in 
community composting, the technology might be chosen depending on its capacity. 
THM is a method that is specially designed to suit household composting schemes and 
also windrow, a small box/bin system, and vermicomposting may be suitable for a 
small-scale operation. The aerated static pile and in-vessel systems are most certain 
not suggested for developing countries on a small-scale level as they imply higher 
investment costs (Hoornweg et al. 1999). The barrel system does also require higher 
investment cost than a simple box/bin, why it is not suggested (Rouse 2004a). 

3) The box/bin/barrel system requires less land area and may be placed in the streets or 
the backyard (Drescher and Zurbrügg 2006 and Rouse 2004a) and the THM is 
specifically developed to take up limited space and be used inside the house 
(BORDA-South East Asia 2007). Also in-vessel systems may be selected. The 
windrow, static pile and vermicomposting are however more land-intensive methods 
(Hoornweg et al. 1999).  

4) Aerated static pile composting and in-vessel systems need an external energy source 
for their mechanical functions (Misra and Roy 2010) and should probably therefore 
not be chosen if electricity is scarce or not present.  

5) Aerated static pile composting and in-vessel systems require mechanical parts 
(Hoornweg et al. 1999) that may be rare in some areas in developing countries. 
Therefore, the windrow method, box/bin/barrel, THM, and vermicomposting could be 
preferred if spare parts are a constraint. 

6) As windrow composting and the aerated static pile consist of a system where the 
compost is visible it may be argued that the other systems are more aesthetic. 
Depending on in which system vermicomposting is carried out; it may be classified as 
an aesthetic alternative. 

7) This factor is not compared in this report because it depends on local environmental 
conditions and if the composting methods are carried out adequately. Poor 
maintenance may result in excessive methane production and unpleasant odours, 
which are important aspects of the environmental impacts. The leachate produced 
might also be of concern if discarded into water bodies. The aerated static pile, and in-
vessel systems may imply better control of emissions and leachate. However, if 
carried out adequately all methods discussed in this report should have minimal 
environmental impact. Another aspect is the fact that the aerated static pile, and in-
vessel systems require an external energy source and are therefore not favourable in 
regard to energy balance (Hoornweg et al. 1999). Concerning environmental health 
hazards, in-vessel systems would probably be the preferred methods because of little 
manual work and contact with the waste, as well as being closed systems. However, if 
organic waste is separated at source and the composting process carried out correctly, 
all the above-mentioned methods should not imply any health risks (Rouse 2008). The 
only method that could be argued to relate to a higher health risk may be 
vermicomposting, because of possible survival of pathogens. It should also be noted 
that windrow composting in small heaps might neither reach high enough temperature 
to kill pathogens efficiently (Hoornweg et al. 1999). Since windrow composting is an 
entirely open system, it might also be method most likely to attract vectors, which 
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could rank the method as the potentially most nuisance related. Further research is 
needed if to evaluate which composting method that is most environmentally friendly. 

8) The windrow composting method is currently the cheapest in regard to investment 
costs (Rouse 2004a). According to Hoornweg et al. (1999) vermi-composting is also 
an alternative that requires little investment cost and may be carried out in windrows. 
The THM method may be done in almost any available container and could therefore 
be a suitable alternative (BORDA-South East Asia 2007).  

9) The cost of operating these technologies on a community level depends on the local 
price of labour, as well as price of external energy sources etc. No information is 
found to conclude this criterion. However, Rothenberger et al. (2006) argues that all 
decentralised composting technologies generally have low operation costs. 

10) Since the aerated static pile and in-vessel systems are more technically complex they 
are probably more dependent on long-term financing for operation and maintenance to 
be successful. Thus, if financing is a restriction it might be suggested to choose the 
less mechanical methods. 

11)  If the market demand for compost is a constraint it could be suggested to implement 
small-scale composting techniques for single households, such as, the windrow 
system, box/bin or THM, where the compost produced is used for private gardening 
etc. Vermicomposting is argued to result in a more nutrient rich end product (UNEP 
2005), why it could be seen as the most preferred method for some agricultural 
markets. However, if these markets are absent this compost quality might not be 
necessary. 

12)  If availability of labour is a constraint for a community-composting scheme, the 
box/bin & barrel system requires less labour-work than the windrow systems 
(Drescher and Zurbrügg 2006). The aerated static pile and the in-vessel systems also 
require less labour work since they are driven by mechanical functions (UNEP 2005).  

13)  Know-how of the composting process is essential for the composting program to be 
successful (Hoornweg et a. 1999). However, this criterion relates to advanced 
technological skills for operation and maintenance. In this regard the aerated static pile 
and in-vessel systems require more technical skills among the work force, as they are 
more mechanically complex, and thus not suggested if these skills are not present 
locally (Hoornweg et al. 1999).  

 

4.4 The anaerobic digestion process 
Anaerobic digestion is controlled anaerobic degradation of organic matter. As explained 
previously anaerobic decomposition produces methane, which is a greenhouse gas that may 
contribute to global warming. However in during anaerobic digestion methane an d other 
gases produced are collected to serve as an energy source called biogas. The biogas digester 
systems have previously been used for mainly human and animal excreta, but lately there 
have been a few successful examples with only organic household and market waste (Rouse 
2008). According to Dübendorf (2007) the biogas yield per ton feedstock has also been 
showed to be more for organic kitchen waste than cow manure. Biogas is an energy source 
with a low carbon footprint and the gas may be used to produce electricity or directly for 
cooking or gas lamps. How the biogas is used depends on a number of factors, including cost, 
geographical location and availability of other energy sources (Greben and Oelofse 2009).  
 
The anaerobic digestion process includes fours steps (Lohri 2005): 

1) Hydrolysis: the first stage where the larger organic polymers and lipids are transformed 
into basic structural molecules, such as fatty acids, monosaccharides and amino acids.  



 18 

2) Acidification: the second stage where soluble organic monomers of sugars and amino 
acids are degraded by fermentative. In this stage volatile fatty acids (VFA), acetate, 
hydrogen gas, carbon dioxide and ammonia is produced.  

3) Acidogenesis: the third stage where long chain fatty acids and VFA are degraded and 
acetate, carbon dioxide and hydrogen produced as a result. 

4) Methanogenesis: the last step where hydrogen and acetic acid is converted to methane 
gas and carbon dioxide. The bacteria that carry out this process are only anaerobic, 
called methanogenic bacteria.  

These four steps may take place continuously in one single reactor or they may be dived 
between two or more reactors in a multistage system. The anaerobic digestion process is 
sensitive for changes in the balance of different microorganisms. If for example the 
temperature changes rapidly, toxic substances accumulates or the feedstock material fluctuate, 
the activity of the sensitive methanogenic bacteria might decrease, whereas the acidogenic 
bacteria is more tolerant and thus continue to produce acids. This results in even lower 
activity of the methanogenic bacteria and the disproportion of microorganisms may 
eventually result in a digester failure. Thus anaerobic digestion, as composting, needs 
carefully monitoring and control to be successful (Lohri 2005). Biogas digesters are also 
sensitive to contamination from plastic, sand, soil and chemicals and the separation of wastes 
at source is therefore of great importance (Rouse 2008). 
 

4.5 Methods for biogas production 
There are several different kinds of low-tech anaerobic digesters for developing countries. 
Most technologies have been developed for manure and faecal sludge, but lately attention has 
been given to digesters for solid organic household waste. Not much information is available 
about these technologies and their feasibility needs to be assessed further (Dübendorf 2007). 
However, two promising technologies are presented below. 

4.5.1 ARTI compact biogas digester 
ARTI compact biogas digester is a technology developed by the Appropriate Rural 
Technology Institute (ARTI) in India. It is specially designed to produce biogas for cooking 
from organic household waste. In the Indian city Maharasthra around 2000 are in use and the 
interest is growing worldwide. The technology won the Ashden Award in 2006 for 
sustainable energy in the food security category. The biogas digester produces 500 g of 
methane from 2 kg of feedstock within 24 hours. Compared to a conventional biogas system 
that is more than 800 times as efficient, as the conventional system requires 40 kg of 
feedstock for the same amount of methane, and the process takes around 40 days (ARTI 
2010). Since the density of methane is 0.656 kg/m3 at 25°C, the methane production with 
ARTI biogas system is equal to around 0.164 m3 per kg feedstock. The 500 g of methane 
produced from 2 kg of feedstock is enough to cook two full meals for a family of five per day, 
or it could be used to produce 2 kWh of electricity (Rouse 2008). Furthermore, the technology 
is simple and may be constructed from locally available materials. Basically it consists of two 
plastic water containers, one for the digesting material and one for storing the produced gas, 
PVC pipes and a biogas cook stove. The larger plastic tank operates as the digester, while the 
smaller one is inverted and operates as a floating holder for the gas as it expands, see figure 
4.2. The biogas digester is suitable for indoor cooking since burning of methane produces no 
smoke or soot (ARTI 2010).  
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Figure 4.1 Schematic description of 
ARTI compact biogas plant (adopted 
from Dübendorf 2007). 
 

 
 

  

 

4.5.2 BARC’s NISARG-RUNA biogas digester 
The NISARG-RUNA technology is a biogas digester for organic household and/or market 
waste developed by Bhabha Atomic Research Centre (BARC) in Mumbai, India. Around 20 
plants are already installed around Mumbai, India in association with local bodies and NGOs 
(Foundation for Greentech Environmental Systems 2007). NISARG-RUNA is one of the most 
promising technologies and has been defined as “state-of-the-art” technology for developing 
countries. The digester plant is odour free, reliable and compact. However, the investment 
cost is around US$ 65000 and it has been questioned if this semi-advanced system is needed 
in developing countries (Dübendorf 2007). The system is developed for small scale 
decentralised biogas production and the capacity is limited to a maximum of 10 tonnes per 
day (Foundation for Greentech Environmental Systems 2007). As an example the NISARG-
RUNA plant in Govandi, India, handles up to 5000 kg per day, with a methane production of 
500-650 m3 per day, which is equal to around 0.5 m3 per kg of feedstock (Dübendorf 2007). 
The technology is divided into two phases, where the first one is a hydrolysis that is operated 
under aerobic and thermophilic conditions. The hydrolysis step decrease odour related 
nuisance, as well as making the second phase faster (Foundation for Greentech Environmental 
Systems 2007). In the second phase methane is produced in mesophilic conditions. The main 
parts of the system are: mixer for shredding the waste material, premix tanks, pre-digested 
tank, solar panels for water heating, main digester tank (35 m3) and manure pits. The reactor 
is placed underground, which reduces the construction costs. The system works by volume 
displacement under the force of gravity. The process includes a first step of shredding of 
waste and mixing with hot water (heated from the solar panels) in the premix tank. Following, 
the pulped waste is fed into the thermophilic aerobic pre-digester and subsequently into the 
main digester reactor, where the biogas is produced. Open pits with sand filters are used to 
collect the effluent, which may be dried and used as soil improvement. The system also reuses 
the excess water produced in the process, which goes into the premix tank (Dübendorf 2007). 
The NISARG-RUNA system is illustrated in figure 4.2.  
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Figure 4.2 Schematic description of the NISARG-RUNA biogas digester  
(adopted from Vivam Agrotech 2010). 
 

4.6 Environmental impacts from composting and anaerobic digestion 
According to UNEP (2005) composting of organic waste is a more favourable and practical 
treatment method than anaerobic digestion. The waste hierarchy, developed by Agenda 21, 
also suggest recycling of materials as the preferred method over energy recovery. However, 
Reeh and Møller (2001) have done an evaluation of the two alternatives in regard to 
environmental effects and sustainability criteria. The parameters assessed and their 
conclusions are discussed below. 
 
Energy balance 
Based on the fact that at this stage the energy generated from composting may not be utilised 
in other ways than to accelerate the composting process itself, biogas production results in a 
better energy balance. Furthermore, transportation should arguably be taken into 
consideration regarding the energy balance. However, research has shown that the 
transportation of waste and its end products only contributes with a small percentage to the 
energy balance and thus do not effect the outcome (Reeh and Møller 2001). 
 
Nutrient recycling 
Compost is a more stable product than the residues from biogas production, which makes it a 
more attractive product for soil improvement. Even though the nitrogen content is higher in 
biogas residues, the nitrogen is water-soluble and much is lost as ammonia when it is spread 
in soil. Furthermore, compost is because of its chemical stability also more attractive due to 
less odour and cleaner appearance (Reeh and Møller 2001). 
 
Global warming contribution 
Reducing the production of green house gases at landfills is one important incentive for 
biological treatment of organic waste. In theory, biological treatment, including biogas 
production and composting, would reduce the greenhouse gas emissions from organic waste 
at landfills to 100 percent. However, the reality is more complex. Considering the mitigation 
effect on greenhouse gas emissions from biogas, it was taken into account the reduced 
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emissions by the substitution of fossil fuels. Furthermore, calculations were done with a 3,5 
percent loss of gas from the digestion process, resulting in methane emissions to the 
atmosphere. This percentage might even be higher in developing countries because of low-
tech plants and inadequate management and maintenance (Reeh and Møller 2001). Lohri 
(2005) calculated for example that in theory the average loss from the ARTI biogas plant was 
22 percent. Regarding composting, the composting process was evaluated by its emissions of 
methane and nitrous oxide. The available data of methane production from composting is 
scarce and data vary with different calculation approaches. However, in the comparison by 
Reeh and Møller (2001) the calculations were based on data found from one case of windrow 
composting. From these calculations biogas has a larger mitigation effect on greenhouse gas 
emissions than composting. However, if the methane losses are set to 14 percent, which might 
occur in developing countries, the two methods are breakeven (Reeh and Møller 2001). 
 
Xenobiotic compounds 
In biogas production complex organic molecules, such as Nonyl phenol (NPE) may be 
generated from incomplete degradation. Composting on the other hand increases degradation 
of organic micro pollutants, such as NPE and PAH, and is therefore a preferred alternative in 
regard to degradation of xenobiotic compounds (Reeh and Møller 2001). 
 
Another comparison of the environmental impacts from composting and biogas production 
has been done with a model called ORWARE, developed by Swedish research institutes. The 
model is based on lifecycle assessment and evaluates environmental impacts such as global 
warming, eutrophication, acidification, photochemical oxidants and human health. The 
ORWARE model also shows a better energy balance for biogas production; however, in 
regard to nutrient recycling and other impact the results are more uncertain and very sensitive 
to changes in system boundaries and functional units (Reeh and Møller 2001).  
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5. Integrated management for sustainable management of 
household organic waste 
Section 4 has shown that several appropriate technologies exist for proper management of 
organic waste and there are an increasing number of decentralised projects trying to 
implement these in developing countries. Unfortunately many of composting projects have 
failed and there is little research available of why they failed and what should have been done 
differently (Ali et al. 2004). Voegeli and Zurbrügg (2008) also states that very little research 
exist about technical feasibility, problems and opportunities for anaerobic digestion. 
However, Dübendorf (2007) indicates that failure of anaerobic digestion projects is 
comparable to failure of composting projects and therefore refers to composting literature 
regarding this topic.  
 

5.1 Constraints 
An overall reason for why these projects fail may be explained by Al-Khatib et al. (2010) who 
argues that waste management often is regarded as only a technical issue, however, it is 
strongly connected to political, legal, socio-cultural, environmental and economic factors. In 
this section general constraints for implementation of decentralised organic waste 
management schemes are discussed. The constraints presented might vary in importance 
depending on local conditions and the list does not claim to be complete. 
 
Learning from the past 
As explained before, wanting analysis on how to achieve sustainable organic waste 
management in developing countries and why other projects have failed inhibit current 
projects to learn from the past and perform differently (Ali et al. 2004). Previous failure also 
complicate for future incentives, since bad experiences and failures often result in local 
pessimism. As an example Zurbrügg et al. (2005) explains how institutions today often doubt 
the possibilities of composting organic waste because of previous failures of oversized, high-
tech composting schemes. 
 
Clear focus 
Many composting projects try to achieve too many goals at the same time resulting in an 
unclear focus (Ali et al. 2004). An unclear focus might also make it more difficult to set up 
successful strategies and make important decisions. This aspect might for example be 
important when choosing which appropriate technology to implement. 
 
Marketing and commercial status 
Compost produced on a household and community level could be used for private purposes 
such as gardening and growing of vegetables. However, many composting projects aim at 
selling the produced compost to raise an income, leaving marketing strategies a critical factor 
that is often forgotten. When compost is sold as a commercial product quality also becomes 
an important factor and the fact that compost quality standards are absent in many developing 
countries may inhibit the commercial status and sale (Ali et al. 2004).  
 
Funding and economical viability 
Composting projects are usually not prioritised when competing with other waste 
management projects for funds (Ali et al. 2004). Furthermore, G. Wolff (personal 
communications, 7 May 2010) explains that when funds are distributed, long-term planning 
for financial support is often neglected, resulting in failure to ensure long-term sustainability. 
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If the project is aiming at a business approach composting incentives must also ensure 
financially viability to ensure long-term success. Often the initiators who start up composting 
projects are doing it for environmental and social reasons, forgetting to implement a profitable 
business approach (Ali et al. 2004). The fact that landfilling still is the cheapest option for 
disposal of organic waste, in combination with poor municipal funds, also compose an 
important constraint for implementation of biological treatment methods in developing 
countries (Hoornweg et al. 1999). Additionally, the cost of certification for organically grown 
produce is also an issue that inhibit poor, small-scale agricultural markets and therefore limit 
the economical feasibility and market for compost. Additionally, there is an increase in costs 
initially for farmers who wish to change to organic agriculture, which might deter potential 
customers (Ali et al. 2004).  
 
Partnerships, co-operation and shared benefits 
For the management of organic waste to be long-term successful partnerships, including cross 
financing from governments, are essential. Since decentralised management of organic waste 
often reduce the cost of transportation and disposal for municipalities, the local authorities 
should share their benefits. However, this is not often done and partnerships are generally 
absent or discriminative (Ali et al. 2004). The governments are also often neglecting the 
benefits from reduced cost of externalities associated with inadequate organic waste 
management (Hoornweg et al. 1999). In regard to stakeholders, they often lack 
interdisciplinary skills and when co-operation is failing they struggle to attain all necessary 
details and manage the project successfully (Ali et al. 2004). Furthermore, G. Wolff (personal 
communications, 14 May 2010) indicates that projects often fail to be sustainable because of 
lacking community involvement and no support for local ownership. 
 
Inappropriate technology and lack of know-how 
Constraints in regard to technology and know-how refer to the fact that mechanical 
technologies often are implemented instead of labour intensive methods. These mechanical 
technologies need maintenance and spare parts, which requires funds and skills (Hoornweg et 
al. 1999). Furthermore, composting and anaerobic digestion are sensitive processes that 
require know-how of how to meet the right biological conditions, as well as use feedstock 
material. Unfortunately, this know-how is often deficient, which results in inadequate 
compost quality, and development of odours and rodent attraction (Hoornweg et al. 1999). 
Furthermore, lack of know-how not only result in an inappropriate end product and increased 
environmental impact, but also as explained by G. Wolff (personal communications, 7 May 
2010) deteriorates the reputation for biological treatment methods.  
 
Some organic waste needs pre-treatment, such as shredding, before composting. This takes 
time and cost money if it cannot be done manually and has for example been a constraint in 
Sri Lanka where coconut husks are common (Ali et al. 2004).   
 
Household participation and cultural status 
The response from households regarding composting activities and waste separation at source 
is generally low initially. This is commonly associated with land availability, confusion about 
the separation process and socio-cultural behaviours. It is also a common misconception that 
the compost always attracts flies and rodents, as well as cause nuisance. There is also a risk 
that barrels for example gets stolen, which might discourage households from investing in 
these technologies. However, household participation is a crucial aspect for decentralised 
schemes to succeed and therefore needs to be addressed (Ali et al. 2004). Another constraint 
is relation to household and community participation is how waste is regarded. It has for 
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example been identified in Sri Lanka that workers are embarrassed about working with waste 
(Ali et al. 2004). In contrast, anaerobic digestion does not seem to have had the same 
problems regarding social status in Indian communities (Voegeli and Zurbrügg 2008).  
 
Land availability 
Shortage of land may be a problem, especially in urban areas (Hoornweg et al. 1999).  
 
Workforce efficiency and ethics 
Workforce efficiency and ethics are also a common constraint for long-term success and 
sustainability. G. Wolff (personal communications, 14 may 2010) explains how it is often 
difficult to ensure good working conditions and fair employment after the project is finished. 
 

5.2 Recommendations 
The management of organic household waste management should be regarded as an 
integrated system to be successful. This includes various factors that might vary in importance 
in different countries and municipalities. However, the author argues that there are several 
aspects that most certain always are vital to address for the implementation and long-term 
operation to be successful.  
 
Education and awareness rising 
When aiming at changing a common behaviour in society it is important to consider to whom 
you should direct the information. For example some people are more likely to embrace new 
behaviours and information, and some may have a larger influence on the majority (Olausson 
2009). It could therefore be for the projects best interest to assess the main groups in the 
community and analyse which group the education and attention should be focused on. A 
study from Cameroon, Africa, showed that young men averaging 34 years, were the most 
motivated to compost organic household waste on a community plant (Folefack 2008). 
Another study from Ghana revealed that the opinion leaders such as chiefs and elders, youth 
and women’s groups were most successful to influence the households to source-separate and 
compost (Asomani-Boateng 2007). Furthermore, a study from China regarding anaerobic 
digestion identified the village leaders to be most successful to communicate and educate new 
biogas technology to the residents (Bi and Haight 2007). It is clear that gender equity and 
social status are important aspects that might differ between countries and cultures. Moreover, 
to enhance co-operation and understanding from different interest groups, benefits should be 
communicated to all stakeholders even though some might not have a key role in the 
dispersion of new behaviours (Hoornweg et al 1999). 
 
There are also a lot of misconceptions about waste and agriculture in developing countries, 
including that farming cannot be accomplished in an urban environment and that waste 
nourishes crops. In this regard education is needed to explain the issues with inadequate waste 
management, as well as the opportunities and benefits from biological treatment methods 
(Asomani-Boateng 2007). Asomani-Boateng (2007) includes in a recommended education 
program: spread of information about urban agriculture to households and city officials, 
environmental awareness raising, teaching of source separation and management of 
technologies to all stakeholders, and promotion of compost to farmers. As part of the 
education programme, visits to households are an important way to reach the target group. It 
is also recommended that waste management practices be given attention in the formal school 
education as children are more easily influenced and may take their new knowledge home 
(Asomani-Boateng 2007).  
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Moreover, Harper (2004) points out the importance of entrepreneurs, as these often are more 
willing to take risks and adapt to external changes. Since these characteristics are not 
generally associated with municipalities, it is important to allocate these potential 
entrepreneurs and educate and support them accordingly. Veeken (2005) is also 
recommending the establishment of an expert knowledge centre, which could be a base for 
advice and support in regard to collection and source separation, use of technology, as well as 
marketing strategies.  
 
Recognising cultural behaviours, values and norms and key consequences for successful 
behavioural changes 
It might be argued that it is the perceived consequences that inhibit or strengthen the 
embracement of a new behaviour, i.e. there has to be a consequence for the new behaviour 
that encourage people to change their ways. As an example, awareness rising plays an 
important part of an education program, but communication of the environmental and health 
benefits are often not alone sufficient. As one resident said in a study from Ghana: “We have 
lived in this filth for many years, we know it’s horrible but we have gotten used to it, and if 
we are to act, we have to be motivated to continue participating.” In for example Ghana, life 
in general is a daily struggle and focus is on finding food, water etc. (Asomani-Boateng 
2007). This illustrates how there has to be a consequence that are attractive for the residents 
for them to change their already learnt behaviours. G. Wolff (personal communications, 14 
May 2010) also supports this argument when he writes, “households need to see the benefits” 
and that the recognised benefits could be a crucial factor for household participation. In 
Ghana, the economical benefit was a successful consequence. However, since organic waste 
management not always is a profitable practice, more research is needed to identify other 
consequences that might be of interest for the residents. These identified key consequences 
might also differ between countries and regions, which emphasis the importance of 
acknowledging the local values and norms. G. Wolff (personal communications, 14 May 
2010) is suggesting that improved yields in private gardens or cheap biogas for cooking might 
be consequence that would attract poor households in some developing countries. The 
importance of understanding the local socio-cultural behaviours is also stated by Lardinois 
and Klundert (1993 p.18) who writes that: “Human behavioural patterns are a key factor in 
determining the extent to which organic waste can be reused.” 
 
To successfully introduce decentralised household waste management programs a bottom-up 
desire from developing countries could also be argued a pivotal factor. If the management 
systems are top-down introduced and seen as something being forced upon from NGOs etc. 
the implementation and long-term management is likely to fail. This is understood by 
Hoornweg et al. (1999) who indicates that it is of greatest importance to assess the public 
needs and willingness to participate for the project to succeed.  
 
Co-operation and partnerships between stakeholders 
Co-operation and partnerships between actors with complimentary skills are an important 
aspect to recognize and strive for. Groups with no business skills should form partnerships 
with groups who have to ensure financial viable and sustainable activities. An example of a 
successful partnership is where the local government provides land and basic infrastructure, 
and the NGO operate the plant, and give for example 15 percent of the profits to the local 
government for their donation (Rouse 2004b). Research from China also shows that for 
aerobic digestion methods to be successful co-operation between all stakeholders including, 
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residents, village leaders, technical specialists and government, is essential (Bi and Haight 
2007).  
The importance of organizational structures and co-operation with authorities may be 
illustrated with an example from Cuba. As a consequence of the Soviet collapse, a large food 
crisis developed, which forced Cuba to try other agricultural practices, and today Cuba is a 
leading example of how organic waste can be composted and used for urban agriculture 
successfully. Analysis of Cubas success revealed that the most important factor was the 
organisational structure, including a strong central direction and guidance, together with 
decentralised production and marketing (Koont 2008). 
 
Policies and legal instruments 
For decentralised waste management activities to be successful, it is important that the legal 
and institutional policies are supporting their establishment (Rothenberger et al. 2006). NGOs 
should be regarded as resources and collaborators, not competitors. Particular for 
decentralised approaches, a supporting co-operation from municipalities is crucial since they 
can change the regulations to benefit organic waste management systems. Municipalities may 
also play an important part of promoting compost through buy-back programmes where the 
compost is used in for example public parks etc. (Drescher and Zurbrügg 2006). The 
government’s agricultural policy could also be adjusted to encourage more farmers to use 
compost. For example subsidies on the price and transport costs could make compost a more 
affordable option for the framers (Folefack 2008). Hoornweg et al. (1999) are suggesting that 
compost quality standards are established to improve the market value of compost. Also 
Rouse (2004b) argues that there is a need for internationally accepted compost standards, and 
that the certification for theses standard is made affordable. 
 
To promote small-scale anaerobic digestion systems it was recommended for the government 
of the Hainan province in China to adopt a “farmer to farmer” policy. This is a strategy based 
on a community multiplier effect initiated by the village leaders support, where the 
management system is slowly building up local awareness, a local research institute for 
technical support, governmental strategies, principles, regulations and incentives for the 
diffusion of anaerobic digestion technologies  (Bi and Haight 2007). 
 
Marketing strategies 
In case the end product aims at being a commercial product it is recommended before starting 
a compost project to conduct an in-depth market study. The market study is important since 
the local conditions, such as soil type and condition, agricultural practices, climate, seasonal 
variations and social customs vary between countries and are fundamental factors for 
commercial success (Hoornweg et al. 1999). This may also be recommended for decentralised 
anaerobic digestion systems since the economical feasibility of the project is dependant on the 
amount of biogas customers.  
 
Dulac (2001) is suggesting several marketing strategies to increase and improve the compost 
market, including; giving away compost to potential consumers and opinion leaders, such as 
well-respected farmers; setting up community education campaigns; using compost in 
municipal parks and other public spaces, with signs indicating where compost has been 
applied; encouraging highly regarded businesses, such as hotels and resorts to use compost on 
their lawns and gardens; and establishing compost yield trials on cultivation of crops, used to 
show the benefits of compost compared to chemical fertilisers. 
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It is also suggested to open up a kiosk at the community composting facility, where the 
produced compost is sold and displayed. The kiosk may not only function as a shop, it could 
also help raising environmental awareness and promote organic farming by creating a green 
demonstration environment close to the composting facility (Rothenberger et al. 2006). 
Furthermore, by promoting urban agriculture as an action towards sustainable development, 
the market for decentralised produced compost could also improve substantially, as well as 
increase the availability of local organic produce.   
 
Economical feasibility  
Composting and anaerobic digestion in communities should be incentive driven, meaning that 
the stakeholders that take initiative, implement, maintain and operate a waste management 
program should be rewarded (Asomani-Boateng 2007). This is also supported by G. Wolff 
(personal communications, 13 May 2010) who states that projects should always promote 
local ownership to be accepted and successful.  
 
As discussed earlier, buy-back arrangements, provision of land, and subsidies on price and 
transport are also important factors for improving the economically viable of composting. 
However, it is important to keep in mind that at this stage composting does not result in large 
profits (Ali et al 2004).  
 
There is a potential to finance more decentralised composting and anaerobic digestion 
projects through the clean development mechanism (CDM), initiated by the United Nation 
(UN) in the Kyoto Protocol. The CDM is an arrangement where industrialised, high-income 
countries invest in projects that reduce greenhouse gas emissions in developing countries, as 
an alternative to reduce emissions in their own countries. However, at the moment these funds 
are promoting large scale centralised options, something that could be questioned since these 
have often failed. Considering the potentials for decentralised schemes it is also argued that it 
should be possible for a project developer to register several decentralised schemes into one 
large project to get CDM approval (Drescher and Zurbrügg 2006).  
 
Administration and Planning  
Initially, a clear vision and defined objectives should be formulated before planning a project, 
as this will help to keep the focus, set up strategies, as well as catch the attention of 
stakeholders (Rothenberger et al. 2006). Furthermore, proper management and monitoring 
tools should be implemented and used to clarify the level of performance and input-out-put 
balances of the schemes (Veeken 2005). Input-output balances increase the transparency of 
the project and might also be helpful in the negotiation with municipal authorities (Ali et al. 
2004). Regarding the municipal authorities Drescher and Zurbrügg (2004) stress that they 
need to develop an action plan on how to ensure appropriate organic waste management, and 
also show political will and continuity of the policy. Urban agriculture could also be regarded 
as an important contribution to successful composting projects and it is therefore stressed that 
governing bodies should take on a new approach to land use planning and acknowledge urban 
agriculture as a valuable opportunity (Asomani-Boateng 2007). Regarding the location of a 
community scheme there are many factors that should be taken into consideration, including 
transportation costs and distance from source and customers. For example, a composting 
project from Ghana concluded that the distance between the households and the community-
composting site has an impact on the degree of participation. Thus, it is recommended to have 
a community-composting site close to the households (Asomani-Boateng 2007). 
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Furthermore, to ensure long-term success it is also of greatest importance that the project is 
monitored and financially assisted also after the implementation and until a feasible system is 
assured (Hoornweg et al. 1999). 
 
Appropriate technology 
Which technology that best suits local conditions may vary. However, Hoornweg et al. (1999) 
are recommending using labour intensive composting methods initially. It is also suggested to 
use equipment that is reliable and replicable. In regard to appropriate technology, there is also 
a need for developing less land-intensive aerobic composting technologies, since available 
land in urban land in some areas is scarce and wanted for various competing activities (Ali et 
al. 2004). 
 
Exchange of knowledge 
The issues related to technological know-how and management of decentralised composting 
schemes might differ between countries. However, it has been shown that many issues are 
also shared. Unfortunately, initiators and operators rarely know about each other, even within 
the same city, and there is also a lack of exchanging experience internationally. For this 
reason Sandec has developed a database where decentralised composting schemes may 
register. The database is called decomp and was launched in 2005 (Drescher and Zurbrügg 
2006). 
 
Integration with the centralised municipal waste management system 
In this report organic household waste has been discussed as a single flow that can be treated 
close to its source. However, it is important that these management schemes are integrated 
and recognised within the centralised municipal waste management system to be long-term 
sustainable. This is supported by Hoornweg et al (1999) who writes that decentralised 
composting systems should be integrated with the existing solid waste management system. 
Another aspect that should be considered in the decentralised schemes is integration of the 
organic household waste flow with other organic wastes from markets, schools, restaurants 
etc. The most sustainable solution will probably depend on local conditions and it is therefore 
not possibly to argue how the integration should be carried out.  
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6. Discussion 
Inadequate waste management is a growing concern in developing countries. A large part of 
the municipal waste flow originates from households and is classified as organics. By 
managing this flow at the source, municipalities could save transportation costs and valuable 
space at landfills, as well decrease environmental impacts and health hazards related to open 
dumping and disposal. The environmental impacts from improper disposal of organic 
household waste have in this report been identified as: water contamination, soil 
contamination, air pollution and breeding grounds for disease carrying pathogens, insects and 
vectors. No interest has been put on trying to rank these effects. However, several reports 
indicate that among the more severe effects are surface- and groundwater contamination, 
methane production and contribution to global warming, as well as production of nuisance 
odours and spread of diseases. Ranking of the different environmental effects require more 
information in terms of local conditions, including geographical location of disposal site, 
water table, type of soil, and degree of anaerobic degradation at landfill etc.  
 
In this report decentralised management at household or community level has been argued to 
be preferred over large-scale centralised facilities. How these decentralised facilities should 
be implemented, backyard or neighbourhood composting i.e., shall depend on local 
conditions, such as generation rates and community co-operation potential, as well as 
availability of land. It is important to point out that this report has not considered the aspects 
of storage, collection and transport of the organic waste management system, and further 
research is needed to conclude how these practices should be implemented within the 
decentralised system. However, separating organic waste at source has been stated as a given 
factor to ensure a good quality end product, reduced health risks for workers, and to promote 
long-term sustainability. Furthermore, it should be stated that centralised management of 
organic waste might be combined with decentralised systems in urban areas to promote 
ultimate efficiency and sustainability. However, centralised systems do require more 
mechanical and costly equipment and it is thus argued that decentralised systems are 
implemented initially for management of organic household waste in developing countries. 
 
The appropriate technologies discussed in this paper refer to composting methods and 
anaerobic digestion. Both technologies are considered sustainably alternatives for organic 
waste management, and research has not yet been able to agree on which technology that 
should be favoured in regard to environmental impacts. However, from the reports studied in 
this paper, biogas shows the best energy balance and composting better results for nutrient 
recycling and reduction of xenobiotic compounds. Regarding mitigation effect on global 
warming the result varies with the estimations given for the loss of methane during biogas 
production. However, because of low-tech technologies used in developing countries, the risk 
for methane losses to the atmosphere are larger and thus composting might be the preferred 
alternative at this stage. Additionally, when choosing how to manage the organic household 
waste flow, one should consider the local conditions, such as soil type and erosion, 
agricultural practices and energy availability. Since today’s usage of chemical fertilizers could 
be argued not sustainable in terms of long-term security of food production, compost could 
here play an important part, especially were soil conditions are poor and agricultural practices 
under hard pressure. Composting incorporated with urban agriculture practice may also have 
a great potential and maybe composting projects should have a more holistic approach and co-
operate with urban agriculture projects to promote sustainability. On the other hand, biogas 
has the lowest relative carbon footprint and is therefore a more sustainable energy source, as 
well as having potential to meet energy needs where electricity is scarce. Furthermore, the use 
of biogas would also improve living conditions, especially for women whom often are 
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responsible for cooking and collection of wood. These benefits are crucial to promote, as 
technologies are more likely to succeed where benefits such as a noticeably better quality of 
life is observed. This also raises the question about equity for women. Since women are 
discriminated in some sectors and institutions in a number of developing countries it is 
important to acknowledge their importance and find management strategies that are 
encouraging equality in regard to both gender and poverty.  
 
The composting technologies discussed in this paper, result in a good quality end product and 
reduced environmental impacts if carried out correctly. However, the control and maintenance 
of the processes and equipments is crucial for their success is. Comparison of composting 
technologies in table 4.1 showed as predicted that mechanical technologies, such as the 
aerated static pile and in-vessel systems, are more likely not to be chosen as appropriate 
technology for decentralised organic household waste management schemes in developing 
countries. Regarding the other technologies studied box/bin/barrel, THM and vermi 
composting, showed most potential as appropriate technologies, closely followed by windrow 
composting. However, this is only a general assumption and local factors may change the 
outcome entirely. Regarding windrow composting it is still the most simple and cost-effective 
method why it is probably preferred if sufficient land is available.  
 
The fact that biological treatment methods require attention to detail to be successful, might 
explain why they are not yet used to their full potential in developing countries. With an 
increasing urbanisation and poor funds, developing countries are struggling to sustain 
educational training and innovation research for more appropriate technologies in urban 
settings. Industrialised, high-income countries have also too often tried to implement their 
own high-tech solutions, forgetting about long-term sustainability in terms of maintenance 
and economical feasibility. For these reasons there is a need for implementation of more 
appropriate technologies in a decentralised setting and with a bottom-up driving force from 
developing countries. The municipalities in developing countries have the ultimate 
responsibility and also important instruments for ensuring long-term sustainable waste 
management, why their co-operation is essential for success. However, they will most likely 
not be able to solve the organic waste problem independently and partnerships with other 
stakeholders and NGOs, as well as co-operation from households are crucial factors.  
 
Furthermore, the implementation of composting and biogas technologies too often focuses on 
technical aspects. This again, indicates how important co-operation and partnerships with 
different- skilled stakeholders are to attain all necessary details and achieve sustainable 
solutions. From studying existing literature is has also become clear that more research is 
needed to analyse previous failures and set up suitable strategies for guiding developing 
countries in how to manage their organic waste flow. Among the most important factors that 
should be investigated further and obtain special attention in future projects are argued by the 
author to include; direction of education and key consequences for behavioural changes; 
enhanced exchange of knowledge nationally and internationally; emphasise on bottom-up 
driving forces and recognition from municipalities, which will then probably also influence 
choice of technology, marketing strategies and implementation of policies and legal 
instruments.  
 
At last, one should keep in mind that organic waste still constitutes a large fraction of the 
municipal waste flow in industrialised, high-income countries and little is managed by 
composting and anaerobic digestion. Even tough the environmental impacts from this waste 
flow often are limited in industrialised, high-income countries due to sanitary landfilling and 
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incineration. The author is arguing that organic wastes as a resource should be given more 
attention globally in aiming for sustainable development. 
 

6.1 Conclusion 
Organic household waste does contribute to negative environmental and health consequences 
that must not be neglected. The organic waste should also be regarded as a resource and 
several appropriate technologies exist for adequate treatment and resource recovery, including 
composting and anaerobic digestion. To successfully introduce these technologies in 
developing countries, co-operation between all stakeholders, education, adoption to local 
conditions and markets, and bottom-up driving forces are crucial aspects to address for long-
term sustainability.
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