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Abstract 

Rural organic waste is becoming a problem in developing countries due to lack of 

financial and technological support comparing with situation in urban area. A rural 

organic waste treatment system was designed utilizing vermicomposting technology 

to treat organic waste generated in rural area. 

ROWATS is a theoretical facility to treat rural organic wastes in Shandong Peninsula, 

China where cow dung and domestic organic waste are disposed freely. Theoretical 

demonstration shows that ROWATS can treat 1,200 kg of organic wastes daily and 

produce around 20 tons of vermicast and 800 kg of earthworm body and larvae 

every month. Products of ROWATS can be used as soil fertilizer, fish bait, and 

biopharmaceuticals and so on. 

Sufficient financial support is the most important factor for ROWATS in rural area. 

Cost-Benefit Analysis and Net Present Value Calculation were made to assess the 

feasibility of ROWATS. Results showed that ROWATS is a profitable project in terms of 

2 years and 5 years. Sensitivity Analysis is also applied to evaluate the impact of 

different factors variation on ROWATS, of which result shows price and productivity 

variation of products can affect the profit of ROWATS more significantly comparing 

with cost changes. Hence, operator should keep products production stable. 

ROWATS can also improve the environmental and hygienic impacts through reduction 

of leakages, odor and bacteria and virus infection from flies, mosquitoes and other 

poisonous species. 
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1 Introduction 

1.1 Background 

Generally, domestic solid waste treatment technology received good development in 

developed cities. Most middle and small cities in developing countries have their 

own management systems and facilities as well. Solid waste produced by human 

beings is climbing to the second important environmental problem after the water 

pollution all over the world especially in developing countries (Senkoro, 2003). The 

situation is quite harsh in rural area of developing countries due to financial, 

technical and awareness shortages. Taiwo (2011) also addressed that solid waste 

management (SWM) in developing countries is a huge mission due to factors like 

poverty, population, urbanization and governmental funding assistant. Thus, the 

economical, efficient and convenient solid waste management method is under the 

pressing of need for developing countries. Due to the domestic life standard and 

economic level, the rural domestic wastes contents more organic components than 

wastes from towns. On the other hand, most of cow dung is produced in the rural 

area and usually utilized without necessary treatments or even disposed freely which 

could cause severe negative impacts to environment, hygiene and human bodies. 

Hence, cheaper and easier-to-handle rural organic waste treatment method has to 

be introduced to deal with domestic organic waste and dung. In this study, 

vermicomposting is supposed to be a rational ecological way to deal with this 

problem. 

Currently, several SWM methods are used widely all over the world including the 

developing nations among which landfilling, incineration and compost are the 

common and familiar solutions. However, concerning the objective situations such as 

financial shortage and technological backwardness, all the three solutions have their 

own troubles. 

Landfilling is a traditional and economical way of wastes treatment in developing 

countries (Daskalopoulos et al. 1998; Taiwo, 2011). Several ways of landfilling are 

including open-dump landfill, sanitary landfill and secured landfill. However, landfill 

technology can lead to lots of environmental impacts. For example, a traditional 

open-dump landfill plants usually burn the waste which can lead to air pollution 

while mice and rats, flies and mosquitoes living around the treatment plant can bring 

virus to human beings through. Landfill gases (LFGs), leachates is a main problem 

from sanitary landfill facilities (Taiwo, 2011). Furthermore, landfill is still a waste of 

resources and not sustainable for land use. 

Incineration is a good way to reduce the volume of waste and produce electricity and 

heat for application (Seo et al., 2004) but the construction and maintenance cost is 

too expensive for developing countries (Rand et al., 2000) and there are still several 

secondary pollutants generated like acid gases (UNEP, 1996). On the other hand, 
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incineration relies on the content of waste compounds. Waste production in 

developing countries has average 0.4-0.6 kg/person/day which is approximately half 

volume of that in developed countries (Cointreau, 1982). Blight and Mbande (1996), 

Hoornweg et al. (1999), Awomeso et al. (2010) studied that solid wastes in 

developing countries contented higher ratio of organic compounds which have lower 

heat value. From this means, construction of incineration plant in developing areas is 

waste of time and money (Taiwo, 2011).  

Composting is a biological process to reproduce raw organic materials to more useful 

and stable materials through aerobic activities (Rynk, 1992). When reviewing the 

whole process, compositing is supposed to be the most economical and efficient 

option compare with landfilling and incineration (Taiwo, 2011) because of its lower 

costs (Airan and Bell, 1980), less water pollution and benefits from the utilization of 

end products (Poincelot, 1974). Cointreau (1982) even enhanced this opinion which 

showed that around 80% of domestic wastes in developing nations such as Indonesia, 

Colombo and Sri Lanka are compostable. However, operation and running of some 

composting facilities failed worldwide due to lack of understandings of maintaining 

and market conditions, bad preprocess and poor maintenance technology of wastes 

and other parameters (UNEP, 1996; Hoorweg et al., 1999). Since these failure reasons 

are more from awareness lacking other than objective barriers like financial 

deficiency, composting is still thought to be the best sustainable option anyway 

(Taiwo, 2011). 

Based on the descriptions above, an alternative and reliable compost method has to 

be introduced to reduce the solid waste in developing countries. Many reports and 

researches suggest that vermicomposting could take this mission since it’s viable, 

cost-effective and easy-to-handle especially for the management of the organic solid 

wastes which is the main content of solid waste in developing countries (Hand et al., 

1988; Harris et al., 1990; Logsdson, 1994; Garg et al., 2006). And also, resource 

materials for vermicomposting process such as solid textile mill sludge, cow dung, 

sugarcane trash, mustard residue, coffee grounds and kitchen waste, vegetable waste 

and so on can be easily collected and sorted (Bansal and Kapoor, 2000; Kaushik and 

Garg, 2003; Adi and Noor, 2009; Garg and Gupta, 2010). 

Moreover, vermicomposting can generate less greenhouse gases than aerobic 

composting and anaerobic digestion (Chan et al., 2010) which is supposed to 

contribute to climate change. Chan et al. (2000) even calculated and compared the 

amount of GHG emissions including both N2O and CH4 which reflected that 

vermicomposting generated only 463mg CO2e m-2h-1 compared to 504mg and 694mg 

for aerobic composting and anaerobic digestion. Kaushik and Garg (2003), Bansal and 

Kapoor (2000) also found that vermicomposting can significantly reduce the C/N ratio 

and increase in mineral N which means the end products of vermicomposting are 

suitable for crops and trees (Sabine, 1978; Hartenstein, 1981; Senesi, 1989). Also, 

cocoons can be used as food for fish while poultries can be fed by earthworm bodies. 

From this scale, environmental and economic profits could be seen from 
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vermicomposting technology.  

Practically, vermicomposting technology has been put into operations as early as the 

year 1991 (Qiu, 2000). A company called Sovadec built a vermicomposting facility on 

Rhone River in the south of France which could process up to 20 tons of mixed 

domestic waste per day and nowadays more and more vermicomposting facilities are 

built all over the world including USA, Cuba, Canada, Australia, India and so on 

(Sherman, 2010). Vermicomposting plant even directly treated the household waste 

inside the Olympic Village during the Sydney Olympic Game in 2000 (Huo and Ding, 

2002). These examples show the positive result and feasibility of vermicomposting 

application not only in the lab.  

However, few vermicomposting facilities or example are straightly designed for its 

application in rural areas all over the world and the same thing happens in China 

(Guan et al, 2009) where most of the suitable organic resources for vermicomposting 

are produced. Current research is mainly focused on the earthworm’s impacts on 

waste water treatment facilities when using the worm as bio-filter (Yang et al., 2008) 

while utilization of vermicomposting in the field of SWM gets less concern. Taking 

China for example, statistics show that the average household waste produced in the 

rural area of China is 0.8 kg/person/day and the annual amount is raised to 0.3 billion 

tons when concerning the rural population among which only one third could be 

treated properly (Guan et al, 2009) because of the barriers of economic shortage, 

technological backwardness, etc. The untreated disposal of household waste is 

impacting the local residents in different way, air pollution, leachates, and odor and 

so on. In addition, livestock and poultry breeding industry has developed significantly 

due to the quick economic development of China. Hence, untreated and disposed 

cow dung is another source of pollution. All these trails suggest that the application 

of vermicomposting technology has huge potentiality in the rural area of China from 

theoretical perspective. 

Like former researches said, factors like poverty, population, urbanization and 

governmental funding assistant obstruct the massive implication of traditional solid 

waste treatment methods in developing countries especially in the rural area while 

vermicomposting could be a theoretical ideal way to solve this problem. However, 

theoretical feasibility doesn’t mean realistic or commercial feasibility and realistic 

uncertainties obviously still exist. In consequence, this study will focus on this issue. 

A Rural Organic WAste Treatment System (ROWATS) involving the end products 

market will be designed to digest the household waste and cow dung based on the 

vermicomposting technology while cost-benefit analysis (CBA) tool is supposed to 

assess its commercial application and realistic feasibility followed by environmental 

impact analysis and sensitivity of ROWATS analysis. 

1.2 Aims and Objectives 

To improve the environmental quality, reduce the health risk and meet the financial 
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and technology shortages, this thesis will focus on the rural organic waste treatment 

system design and feasibility analysis. Base on the vermicomposting process, the 

system is supposed to digest and compost the organic waste and dung, make profits 

through selling products from earthworms and its end products as well. 

In order to complete this system, the following objectives have to be studied: 

 Study the rural organic waste treatment situation in developing countries-taking 

an area in Shandong Peninsula, China as a case study. 

 Review the vermicomposting technology, including technology development 

history, composting facts and parameters introduction, and characters of products. 

 Study and analyze the application of composting products, including earthworm 

bodies and earthworm excrements. 

 Analyze the financial flows of ROWATS. 

 Compare ROWATS’ environmental impacts with current situation. 

 Analyze the sensitivity of ROWATS to find out how the uncertain parameters 

affect the system and profits. 

1.3 Methodologies 

After ROWATS designed, the thesis will try to analyze its feasibilities. Since the 

economic issue is very important for the rural area, CBA will be the key methodology 

to analyze this system. During the analysis process, financial investment will be 

introduced to construct the vermicomposting facility and followed by system 

maintenance, raw material purchasing and operation cost. A monthly cost calculation 

will be made to show the money outflows. Since composting products including 

vermicast and earthworm body and cocoons surplus are supposed to be the profits 

resources, sales of ROWATS products will also be calculated monthly in order to 

express the money inflows. After calculating the cost-benefit ratio, the financial 

conclusion ought to give a positive answer.  

Net Present Value analysis is a way to evaluate the present values of future cash flow  

minus the start-up investment. A positive result means that the project is profitable 

by the selected time. This method will also be used to analyze the financial feasibility 

in a period of 2 and 5 years in order to make the result of CBA more reliable. Firstly, a 

discount rate has to be set up for NPV calculation. After that, annual Net Cash Flow 

up to 5 years will be calculated and applied to the formula of NPV calculation. Result 

of NPV will show whether ROWATS is profitable in the end of 2nd and 5th year. 

To analysis the financial elasticity of ROWATS, a sensitivity analysis method will be 

introduced to evaluate the value of uncertain parameters in the products selling 
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process of ROWATS such as prices, logistics and so on. Several parameters will be 

selected to analyze its impacts on final benefit results. For example, profits will 

decrease if selling price of products is falling down. Sensitivity analysis is applied to 

assess the quantitative impacts of this variation on benefits. After that, suggestions 

on how to manage the uncertainties will be given to make the whole process going 

well. 

Scenario analysis will be another method implemented in this project. Currently, 

most of those organic wastes are disposed freely and washed away by rainfall while 

only few amount of cow dung can be used as fertilizer directly. Hence, a do-nothing 

scenario will be simulated to assess the environmental impacts comparing with the 

situation if ROWATS exists. Since ROWATS is a system to deal with the organic wastes 

in rural area, leakages, odor and hygiene are supposed to be the main issues affected 

by it. Scenario analysis is applied here to express how ROWATS can improve the 

environmental and hygienic situation in related area. 

1.4 Limitations 

To simplify and optimize this study, several aspects will be excluded as following: 

Waste sorting is an important process in solid waste treatment area. However, since 

the organic waste is the main part of rural domestic waste in developing countries 

other than plastics, textiles, metals and other inorganic or hard-to-composting 

dwelling wastes, this process will be excluded from this research. It’s assumed that 

the organic waste has already separated from other wastes since the input of organic 

domestic wastes will be collected and sent to ROWATS facility individually, as the 

procedure. To reduce the negative impacts from inorganic wastes, operators of 

ROWATS need to do a double-check process before planting the resources into the 

vermicomposting beds. Hence, the impacts from inorganic wastes will be 

theoretically neglected in this project. 

The physical and chemical parameters which have to meet the requirements of 

successful vermicomposting are based on the related references. That means, this 

study won’t tell every detail about why and how to meet the requirements, neither 

design experiments to evaluate or prove those parameters. In other words, the 

vermicomposting process is supposed to be a mature method for earthworm feeding 

and caring. Moreover, red worm or Eisenia foetida is the species utilized in this case. 
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2 Overview of Current Domestic Waste Treatment Situation in 

China 

This chapter will review the current domestic waste treatment situation in China. 

First of all, this chapter will introduce the existing general waste management and 

treatment law and regulations followed by an introduction of typical municipal solid 

waste treatment system utilization which is taking Changchun City for example as the 

comparison with the situation in the rural area. After that, this chapter will go to the 

rural area of China since it ’s the core purpose of this project. The general situation of 

rural solid waste treatment will be studied and introduced along with its problems 

and some reasons pointed out. 

2.1 Overview of National Law and Regulation, Academic Researches in 

Rural Area 

The first formal national general environmental law came into force in China as early 

as December 26th, 1989, named Environmental Protection Law of The People's 

Republic of China which is formulated for the purpose of protecting and improving 

people's environment and the ecological environment, preventing and controlling 

pollution and other public hazards, safeguarding human health and facilitating the 

development of socialist modernization. This is the basic and fundamental law in the 

environmental protection area of China and granted the environmental protection 

legislations and standards to the ministry of environmental protection (former was 

the bureau of environmental protection). Studying the solid waste management area 

specifically, the Law of the People’s Republic of China on Prevention of Environ 

Mental Pollution Caused by Solid Waste was first promulgated and came in to force 

on October 30th, 1995 and amended on December 29 th, 2004 by the National 

People’s Congress Standing Committee. These two fundamental laws stipulated the 

fundamental principles of solid waste management and authorized the municipal 

government as the main bodies to take care of the production, transportation, 

treatment protection, and re-utilization of solid waste.  

On the other hand, two standards for pollution control of municipal solid waste were 

formulated of which one is Standard for Pollution Control on the Landfill Site of 

Municipal Solid Waste (GB 16889-2008, first version GB 16889-1997 was replaced) 

and the other is Standard for Pollution Control on Municipal Solid Waste Incineration 

(GB 18485-2001). Both of these two standards regulated the requirements of 

treatment facilities’ location, construction requirements, process control, waste 

monitoring, outputs monitoring and control, facility maintenance and management 

and so on.  

However, all these laws and standards only show the rules for the municipal solid 
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waste management other than the rural area of China. A significant example is found 

in the law on prevention of environmental pollution caused by solid waste. Article 49 

is the only one related to the rural area which just tells that the detailed solid waste 

management roles and methods in rural area should be designed and operated by 

local governmental regulation.  

Unfortunately, few specific local regulations have been made by now which means 

the rural solid waste management situation is still untouched by the government and 

still remains in some academic researches. Guan et al (2009) pointed out that the 

total amount of solid waste generated in rural area of China was around 300 million 

ton per year of which only one third was treated. Three main negative affects 

happened because of this situation (Gao, 2010): contaminating occupying soil, 

polluting ground water and atmosphere, and causing hygienic problems by odor and 

germs and virus spreading. On the other hand, some researches also stated possible 

solutions based on their studies. Chu (2007) suggests a scheme of Transportation and 

Sanitary Landfill in his dissertation while Chang et al (2010) developed the microbial 

degradation and composting method to digest dung based on the principle of 

resources recycling. However, since Chang ’s method relies on higher technology and 

financial support when breeding Drosophila and pre-treating dung for composting 

and Chu’s research didn’t match the principle of resource recycling, it’s not feasible 

for the foundation of self-motivated and low-cost waste treatment system. 

Alternatively, this project will try to design a cost-effective and easy-to-handle rural 

solid waste treatment system as mentioned before. 

2.2 Municipal Solid Waste Management Situation Overview—Taking 

Changchun City as an example 

To make the situation of rural area understood better, the municipal solid waste 

management situation in Changchun City was studied in this project since this city 

has implemented three typical solid waste treatment methods: landfill, incineration, 

and composting which can generally represent the whole situation of municipal solid 

waste treatment and management in China. Still, the main area of this project is 

supposed to focus on the rural area other than in cities. Hence, the situation in 

Changchun City will be generalized and introduced simply. 

Changchun City is the capital and largest city of Jilin Province, located in the center of 

northeast of China. It has an area of 20,532 km2 with 3.62 km2 of urban area. As of 

may, 2008, Changchun City has a population of 8.68 million. Changchun City achieved 

a GDP of RMB 208.9 billion ($ 30.5 billion, 2007) and RMB 28,131 ($ 4,112, 2007) per 

capita in 2007, ranked 52th among 659 cities of China.  

According to Duan et al (2004), the population in urban area of Changchun has 

climbed to 2.4 million in 2010 and the production of municipal solid waste will go to 

1.19 million ton per year which means 1.36 kg per day per capita.  
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Landfill and incineration are the main two methods implemented in Changchun City 

excluding the specific hazardous waste treatment facility.  

In April 2009, the municipal government decided to expand and build a new landfill 

plant, called Municipal Solid Waste Treatment Center of Changchun, which will 

replace the expired landfill, Sandao landfill plant, namely. The whole project will be 

invested up to RMB 540 million ($ 81.8 million, 2010) and contains two construction 

phases. In October, 2010, the first phase of this project was put into utilization and 

has the treatment ability of 2,600 ton per day. In the future plan for the second 

phase, there will be an incineration plant, a biogas power plant to be built along with 

accessories of leakage treatment and waste sorting facilities. The whole project will 

conduct all municipal solid waste generated in the urban area for the next 50 years 

(Li et al, 2010). 

On the other hand, an incineration power plant called Xinxiang was implemented as 

early as the year 2006 and it was the first incineration plant in Jilin Province based on 

co-firing of municipal solid waste with coal in a grate-circulating fluidized bed (CFB) 

incinerator. Two 260 ton/day incinerators incinerated 137,325 tons, or approximately 

one sixth of the municipal solid waste generated in Changchun, saving more than 

200,000m3 landfill space. After the second phase finished in 2007, Xinxiang 

incineration power plant can incinerate one fourth of MSW in Changchun (320,000 

tons/year) and has generated 100 million of KWh electricity to the power grid by 

2007 (Cheng et al, 2007). 

The example of Changchun shows clearly what happened generally in cities of China. 

The local government paid lots of money (RMB 540 million in this case) for municipal 

solid waste treatment including the location selection and argumentation, new 

technology implementation, facilities maintenance and so on. In this case, when the 

new Waste Treatment Center gets fully operated, all the municipal solid waste 

generated in Changchun will be collected, sorted, and treated harmlessly according 

to the governmental plan. 

However, when turning to the rural area, things get much worse. Actually, the rural 

domestic solid waste treatment situation is more complicated than that in urban 

area. The population density is lower than that in urban area since village is the basic 

unit for rural residence and usually far away from each other instead of the 

communities inside cities and towns. Lower population density leads to non-point 

source pollution and higher cost for collection including financial, energy and labor 

(Sun and Wang, 2007). Besides, it’s even harder to find mature and appropriate 

technology with lower cost matching with the specific situations since the 

agricultural structure varies from villages to villages. That’s also the barriers needs to 

be conquered in this project. Hence, to get a reliable data and result, a rural model 

with average situation will be selected and optimized in Chapter 4. 
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3 Vermicomposting Technology Introduction 

Vermicomposting, also called vermicasting, is an organic waste process using 

metabolism of earthworms. It is thought to be an efficient and economical way to 

deal with organic wastes (Chaoui, 2010). Wang et al. (2009) addressed it as a process 

to stabilize biosolids and enhance the biological decomposition of organic substances. 

According to the researches and practices done by now, a wide range of organic 

wastes can be treated by earthworms through vermicomposting, for example, cow 

dung, textile mill sludge, kitchen wastes, and crop residues and so on (Bansal and 

Kapoor, 1999; Kaushik and Garg, 2003; Adi and Noor, 2009). This chapter will 

introduce the vermicomposting technology, give basic understandings of how to 

manage and control this technology, and try to explain why it’s selected as an 

appropriate way to deal with the rural organic waste in this project. 

3.1 Technology Development History 

Earthworms were initially attempted to convert sludge into topsoil by Mitchell et al 

(1977). Mitchell’s team also studied the potentiality to use red worm, Eisenia foetida, 

to decompose sewage biosolids (1980). Later on, vermicomposting process was 

received throughout studies in US which addressed the biological, physical and 

chemical parameters, reproduction duration, production applications and so on 

(Wang et al. 2009). In 1990, Amaravadi et al. reported that bactericidal enzymes 

produced by earthworms could “considerably” reduce the infectivity of some viruses. 

That means the products from vermicomposting could be applied not only in 

environmental area but also in biopharmaceutical area which extended the 

application of vermicomposting technology. Interests in vermicomposting technology 

were also attracted by international engineers and scientists for example in Italy 

(Concheri et al. 1992), Spain (Anton et al. 1993), Netherlands (Van-Gestel and Ma, 

1993), South America (Logsdson, 1994), China (Qiu, 2000), India (Kaushik and Garg, 

2003) and Malaysia (Adi and Noor, 2009). 

Commercially, Original Vermitech Systems, Ltd installed a composting unit in Canada 

in 1993 which became the largest composter in Canada by 2000 (Sherman-Huntoon, 

2000). Same or familiar functions of enterprises were also developed in France, USA, 

Cuba, Australia, India and so on (Sherman, 2010). Specifically, however, little relative 

information was found when looking at the organic wastes treatment situation in 

rural area as said in Chapter 1 and this project will try to conduct an example of 

commercial and profitable vermicomposting business in rural area. 

3.2 Facts and Parameters about Vermicomposting Process 

Different types of organic wastes have to be mixed up and pre-treated properly 

before pulling the trigger of the vermicomposting process. A daily bottom-up 
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conversion process should be addressed for up to 15 days due to the high 

temperature from initial thermophilic reactions of decomposing organic substances 

which could do harm to the earthworms (Bansal and Kapoor, 2000). After that, the 

pre-treated wastes will be put into a wooden vermicomposting bed with sound 

population of migrated earthworms, 150 earthworms per liter of wastes, as Chaoui 

reported in 2010. Vermicast can be collected daily after 4-5 days of processing. A 

5-week experiment from Loh et al. (2005) showed that a quantity of around 500g 

cattle dung could produce 380g vermicast which means the conversion rate of inflow 

and outflow material is around 76%. In case of vermicast production insufficiency 

could lead to a wrong result of benefit calculation, 60% will be taken as the 

conversion rate in this project, which means 60 kg of vermicast will be produced 

from 100 kg of mixed waste 5 weeks later. 

Since the population of earthworms can be doubled in 60 days, it’s necessary to 

relocate newly generated worms from vermicomposting bins in time and feed with 

sufficient wastes (Chaoui, 2010). It’s also addressed that earthworms can eat about 

75% of their body weight per day which means a 0.2 g worm will consume about 

0.15 g waste per day. This figure will be implemented to calculate the waste 

treatment and wormcast production rate later in this project. 

After the vermicomposting process has started, several parameters have to be 

controlled and monitored by the operators (Chaoui, 2010):  

Temperature: 0-35˚C is the temperature range for earthworms. However, to improve 

the vermicomposting productivity rate, 25˚C is an ideal temperature. Operators have 

to monitor the temperature of bins and try to provide earthworms with warm and 

moderate environment. To achieve this especially during the winter time, heating 

system has to be introduced into the vermicomposting facilities. 

Moisture: a 75% of moisture is needed for the waste materials. Moisture of higher 

than 85% could lead earthworms to drowning. To avoid drying, automatic or manual 

sprinkling should be done regularly during the process. 

Odors: theoretically, vermicomposting or vermicasters do not produce odors if 

designed properly and activities of earthworms can reduce the fermentation process 

which could also prevent them from being harmed by anaerobic gases, methane, for 

instance (Chaoui, 2010). Besides, flowing atmosphere can help to decrease the 

temperature of waste material inside and protect the earthworms from thermophilic 

reactions. 

Light: eye-cells on earthworm’s skin can trigger pain if exposed to daylight except for 

blue light. Hence, it’s important to keep the earthworms under the wastes and also 

decrease the light values of the vermicomposting facility. Dark and heavy curtains are 

needed to prevent the room out of daylight. 

Besides, the depth of wastes shouldn’t exceed 30 cm due to the temperature harms 
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to earthworms from initial thermophilic stage of microbial decomposition (Loh et al. 

2005). As a solution, earthworms should be fed by wastes materials regularly, once a 

week, for example.  

3.3 Characters of Vermicomposting Products 

Generally, vermicomposting process mineralizes the elements of organic wastes, 

nitrogen, phosphorous and sulfur, for instance (Loh et al. 2005; Chaoui, 2010). 

Chaoui (2010) provided the characters of nutrient analysis of typical casts: C/N ratio 

12-15:1; 1.5%–2.5% N, 1.25%–2.25% P2O5 and 1%–2% K2O at 75%–80% moisture 

content. Hence, vermicast with rich content of N, P, and K is a decent soil and 

gardening fertilizer which can be sold to the market as a profits resources. Contents 

of vermicast may vary depending on the components of original organic wastes. 

Since ROWATS has not been put into practice yet, it’s not possible to test and analyze 

its specific contents of nutrient. Chaoui’s figure is simply to show that vermicast is a 

good fertilizer for soil. 

To sum up, the outflows from vermicomposting process can be utilized widely, not 

only the vermicast but also the earthworm body itself (as fish bait or animal 

supplements, apparently). This is the main reason to implement vermicomposting 

technology into rural organic waste treatment and management strategies. A 

theoretical example of vermicomposting plant called ROWATS will be built in the 

following chapter. 
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4 Rural Organic Waste Treatment System Design 

A Rural Organic WAste Treatment System (ROWATS) will be designed and 

theoretically demonstrated in this chapter. As the start, the research area selected in 

this case will be described including the location and traffic circumstance, climate, 

productivity structure, population of habitats and cows, and the estimation of 

organic waste production as the resources of ROWATS. The current treatment 

situation and method of organic waste and cow dung are also described as well. 

After that, the ROWATS principles will be introduced in order to draw the 

comprehensive utilization requirements. In the end of this chapter, the operating 

process of ROWATS in this case will be theoretically demonstrated which will show 

how to deal with the materials inflow and products outflow. 

4.1 Research Area Introduction 

Based on the purpose of this project, a rural area was investigated and selected 

shown as Figure 1. 

 

Figure 1. Research Area Direction (Sources from: Google Map) 

As shown in Figure 1, the research area lies in the center of Shandong Peninsula 

between 37°18'N and 120°53'E, and administratively belongs to Laiyang City, 

Shandong Province. This area has a temperate climate with mild winters and 

moderate summers. According to the statistics of 2003-2009 from Yantai Weather 

Bureau, the annual average temperature is 12.9˚C while the average annual rainfall is 

up to 718.6 millimeters. Temperate climate may help to feed and look after the 

earthworms and reduce the energy consumption during the winter time. 
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For the transportation and logistics situation, National Road Nr. G204 which connects 

Yantai City with Shanghai passes by the research area while the nearest train station 

is just around 10 km northeast away from it. Good traffic circumstance indicates that 

the material flow in this case could help to improve the waste treatment efficiency 

and accelerate market expansion. Besides, raw materials can be pre-treated by 

suppliers and then easily transported to the facility in case there is no enough space 

for waste pre-treatment process.  

Two circles were drawn in Figure 1 showing the involved area of which the inner oval 

covers the main region (A zone, around 30 km2) while the outer circle (B zone, 

around 80 km2) indicates the future and potential area if the initial source production 

can’t match the demand of ROWATS. However, it’s not a realistic way to involve all 

the domestic wastes and cow dung in zone A and B into ROWATS considering its 

initial size and treatment ability. Alternatively, A zone will be considered as the main 

resources of ROWATS while zone B will be involved after ROWATS gets expanded. 

Based on the investigation, twelve villages or hamlets lie in A zone with the 

population of 3,500 residents while the number of cows is estimated to 80. Since the 

major topography of this area is defined as hilly landscape, apple production is the 

most significant domestic incoming resources along with the milk production. Annual 

amount of apple production in this area is estimated to 8,000 tons which will give 

every family with over RMB 10,000 ($1,500, 2011) incomes.  

Talking about the organic waste production and treatment, relevant research (Qiu, 

2008) showed the average amount of rural domestic waste production in China was 

0.8 kg/d per capita including organic and inorganic wastes of which 80% is organic 

wastes (Chu, 2007). If applying it in this case, the total domestic waste production in 

A zone will be around 4,000 kg/d while the mass of organic wastes is 3,200 kg/d. 

However, since the waste treatment facility and awareness there hasn’t been built up, 

it’s far from realistic to collect all the 3.2 tons of organic wastes for ROWATS. As a 

solution and also a trial, one village in A zone with around 250 residents will be 

involved in this project first. ROWATS will try to collect or even pay for all the 160 kg 

of domestic organic waste produced there. If this plan is proved as an economical 

and efficient proposal, the application of ROWATS will get enormous expansion since 

it can help to solve the problem of rural domestic waste pollution. 

On the other hand, as the main resources of ROWATS, the average amount of cow 

dung production in the involved area varied from 10-15 kg per day per cow. Hence, 

the total amount will be 800-1,200 kg/d after multiplied by the population of cattle 

fed there. Currently, the cow dung was just dumped away from cow feeding houses 

without any treatment. Leakages mixed with rainfall could impact the chemical 

characters of soil downstream and get into the groundwater. Flies, mosquitoes and 

other insects live on the cow dung during the summer time which can cause hygienic 

problems to the residents around. Actually, only small part of dung would be sold by 

cow feeder as apple tree fertilizer but still, they are utilized directly without any 

treatment. As a result, cow dung is becoming a new problem impacting environment 
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and people around it. ROWATS is supposed to solve this waste problem with lower 

costs and higher efficiency. Same as the situation of domestic waste collection, 

ROWATS cannot guarantee all of the dung could be reused. Thinking about the 

geographic situation of zone A, it’s appropriate to choose those cows living in villages 

with higher altitude because once cow dung there were treated, less leakages 

production is expected to reduce the environmental impact on soil and groundwater 

downstream. Based on this situation and investigation, a number of 20 cows can be 

registered as the “permanent” inflow resources of ROWATS while the others should 

be counted as “volunteer” cows. As a result, at least 200-300 kg of cow dung needs 

to be treated by ROWATS per day.  

Totally, 160 kg of domestic organic waste and 200-300 kg of cow dung generated in 

the selected village in zone A need to be treated by ROWATS every day. As a result, 

the final amount of wastes needed to be treated by ROWATS will climb to 360-460 kg 

per day, approximately. Research from Garg and Gupta (2010) showed that the 

mixture of 40% of vegetable waste with 60% of cow dung could produce vermicast in 

good quality while 20% of vegetable waste with 80% of cow dung would provide 

earthworms with best growth habitat. Considering the content of inflows in ROWATS, 

160 kg of domestic waste mixed with 200-300 kg of cow dung would lead to a range 

of percentage of 35% to 44%. This figure is appropriate for vermicomposting process 

if utilizing the mixture directly. 

Another thing has to be concerned is that this figure just comes from the “registered” 

village and cows in zone A. Since the daily producing amount of waste and cow dung 

is much higher than that, a larger vermicomposting room has to be prepared in case 

there are more villages and cows in zone A involved in ROWATS. Hence, a facility with 

daily waste treatment capacity of around 1,200 kg will be constructed in this case. 

Even though, this capacity cannot treat all the wastes there. But considering the cost 

of construction and operation, larger capacity means more investment and more 

risks. Hence, it’s not necessary to build a huge waste treatment plant at the very first 

time. 

4.2 Principles of ROWATS Infrastructure and Operation 

Low cost 

Total treatment area has to be calculated before construction in order to see how 

much money should be invested first. According to Chaoui’s research (2010), 1,200 

kg of waste means around 2.5 m3 in volume. However, it’s not a good way to feed 

earthworms daily, obviously. As a solution, to feed them once every three weeks is 

reasonable. Following the productivity pace of vermicomposting process and depth 

of waste which should be less than 30 cm in this case, the area of every treatment 

facility (it’s called vermicomposting bed in this case) should be designed to around 9 

m2 with 20 facilities in total. As a result, up to 180 m2 of vermicomposting bed has to 

be utilized to treat the 1,200 kg of wastes every day. 
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Since ROWATS is supposed to design for the rural area, the cost has to be controlled 

in an affordable level. However, it’s not enough to build a facility with a room only for 

vermicomposting bed. Extra area for pre-treatment of waste and storage of products 

has to be introduced. Hence, an area of 500 m2 with a vermicomposting room of 300 

m2 shall be built up and used for ROWATS in this case, of which 200 m2 is used for 

waste pre-treatment and products storage. Structure of this facility is supposed to be 

simple in order to reduce the cost of construction. Since the cost of construction 

comes mainly from basic building materials, bricks, woods, cement and so on,  price 

of construction materials in related area suggests that it ’s possible to make it with 

only RMB 50,000 ($7,500, 2011) for construction. Private money is the main resource 

of it while local government is excluded in this case since the processing time of fund 

applying is more complicated. 

Besides the construction cost, further cost happens from maintenance facilities 

purchasing, inflow material buying, electricity and heating consumption, logistics and 

transportation subsidy and products developments. Cost-Benefit Calculation in 

Chapter 5 shows that this amount of money wouldn’t exceed RMB 50, 000($7,500, 

2011) in the perspective of six months. After that, costs from inflows, operation and 

logistics can be covered by products sales. Hence, a total amount of RMB 100,000 

($15,000, 2011) is needed to start and run ROWATS without bankruptcy. 

Easy to handle 

As the report said before, the technology barrier is another issue that should be 

considered since most of the rural residents have no college education. Hence, 

ROWATS shouldn’t require much technological skills such as species of earthworm 

optimization, product components test and so on. However, some parameters still 

need to be controlled in order to maintain the living and reproduction environment 

of earthworms such as temperature, humidity, ventilation and so on. Consequently, 

the main maintenance equipment utilized in this case should be heater and 

thermometer, humidifier and hygrometer, and ventilator. And all these machines are 

easy to handle and can be simply controlled by the operators without college 

education. 

According to the researches of earthworm feeding and product’s monitoring process, 

the earthworms can automatically take care of the whole composting process while 

operators only need to be concerned about the earthworm reproduction along with 

the physical parameters introduced above. Hence, an earthworm caring manual 

should be provided to the operator and this kind of literature can be easily found 

from the agricultural technology category of local bookstore and internet as well 

(Figure 2).  
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Figure 2. Book of Earthworm Feeding Technology and Application (published by Science 

and Technology Document Publishing House in February, 2009). 

Facilitated Traffic 

The traffic around treatment facility has to be facilitated in order to reduce the 

operation and transportation time and cost since ROWATS is designed to treat the 

rural organic waste and make profit from the products. Therefore, good and 

convenient traffic circumstance is required also. Ideally, ROWATS facility should be 

built next to the road which can allow the raw material supplier and products buyer 

to visit and cooperate with the facility owner without transportation difficulties.  

Appropriate Population Density 

Sufficient amount of raw materials is also important for ROWATS. Hence, the facility 

should be built in an area with appropriate population density, not only human 

beings but also cows.  

In general, the production of raw materials such as cow dung, rural domestic waste 

and so on should balance with the pre-treatment process of dung, growth and 

reproduction period of earthworms, facility area and products development and 

treatment. A smooth status should consist of three aspects: the pre-treatment 

process of raw materials can match the reproduction and relocation of earthworms; 

facility area is fully used; products are sold in time without too much inventories.  

Totally, population density should allow the whole treatment process being circled 

smoothly and efficiently. This is also an important phase for the operation of capital 

flow since the fund structure is fragile in this case. 
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4.3 Theoretical Demonstration of ROWATS  

The whole process of ROWATS will be demonstrated theoretically based on former 

description and investigation. Along with the text description, a schematic diagram of 

the whole demonstration process including timeline will be drawn. The period of 

timeline will be set up to six months ending with the vermicomposting room fully 

utilized. Through the blueprint, the material flow can be comprehended intuitively 

and will help to analyze economic costs and benefits issues in next chapter. 

Facility Construction and Decoration 

Obviously, the facility of ROWATS has to be well constructed and decorated first since 

its reliability will improve the process efficiency and reduce the operational cost. 

Hence, six weeks will be spent based on the construction technology and pace, 

material purchasing, and equipment installation and adjustment. Economically, the 

facility construction and decoration shall cost around RMB 50,000 ($7,500, 2011) 

while the cost of utilized equipment such as heater, humidifier, and ventilator will be 

set as much as RMB 10,000 ($1,500, 2011). Those figures of money are estimated 

based on the prices of local construction material and equipment. A reasonable 

facility of ROWATS is designed as shown in Figure 3. 

As shown in Figure 3, this facility is located next to the cross of National Road Nr. 

G204 and a local road in order to make the transportation convenience. A total area 

of 500 m2 (25 m*20 m) is supposed to be built up as mentioned before, of which 300 

m2 will be used as the vermicomposting room while the yard will be utilized as 

pre-treatment area and products warehouse. Pre-treatment area and products 

warehouse are designed as two close rooms with shelter and surrounding walls. This 

is to prevent the raw materials and products from precipitation and erosion. 

After constructed, the vermicomposting room will be decorated with one heater, a 

humidifier, a ventilator, several thermometers and hygrometers in order to monitor 

the atmosphere status inside the room. Thinking about the energy consumption 

issues during winter time, there are three options: coal incineration, solar or wind 

power and electricity from national grid. If applying the first option, ROWATS has to 

consume tons of coal every year and assemble extra heating panels around the 

vermicomposting room. Besides, coal incineration system is hard to control the 

temperature inside. Moreover, carbon monoxide produced during the insufficient 

incineration process would lower the air quality and do harm to workers and the 

earthworms. Hence, coal incineration is neither an economic and environmental 

option nor easy-to-handle one. On the other hand, cleaner energy generation like 

solar and wind power equipment needs much more financial and technology which 

apparently doesn’t fit the economic situation in this case. Thus, the heating system in 

this case is suggested to be powered by electricity which is easy to acquire and 

control the temperature inside. 
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Wooden composting beds should be built at the same time. To make the space of 

vermicomposting room utilized efficient, up to 20 composting beds with the size of 

0.3 m*1 m*9 m have to be assembled. Thereafter, a total area of 180 m2 is applied 

for the vermicomposting process which means each composting bed has the capacity 

to handle with over 50 kg wastes per day. This treatment ability can match the 

organic generation pace of Zone A. As a result, the decorated vermicomposting room 

is supposed to be designed as shown in Figure 4.  
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Waste Collection and Pre-treatment 

After the construction of ROWATS plant done, organic waste has to be collected from 

the villages around. It’s not economical for ROWATS to collect the waste village by 

village since the waste generation is scattered. Hence, to improve the waste 

collection efficiency, the owner of ROWATS is suggested to advertise that organic 

waste hand-in will be paid and ROWATS welcome those cow feeders sell the cow 

dung to the plant. The first 1,000 kg of waste is expected to be collected in one week 

from the pre-registered village and cows while waste collection process will be 

standardized in the following weeks. For example, a certain individual cow feeder will 

send the cow dung once a week. Hence, the material inflow of ROWATS will be 

regular and so is the pre-treatment as well. 

However, a 15-days period of pre-treatment process has to be introduced to the 

inflows before feeding earthworms. Bansal and Kapoor (2000) mentioned that initial 

decomposition of cow dung would heat the waste inside and high temperature 

would harm the body mechanisms of earthworms while Kaushik and Garg (2003) 

even pointed out that there were volatile substances existing in the mixture which 

could also be toxic to earthworms. As a solution, daily turn-over process has to be 

done during the pretreatment period in order to decrease the temperature of 

mixture and eliminate those toxic volatile substances. 

  

Wooden Composting Bed 

180 m2=9 m*1 m*20 

Figure 4. Decorated Vermicomposting Room 
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Vermicomposting Process Control 

Red worm or Eisenia foetida ought to be the species utilized in the vermicomposting 

process of ROWATS. Buying from existing market is a quick and simple way of 

utilization. However, it’s not necessary to fill all the 20 composting beds at the first 

time. Instead, 50 kg of earthworm larvae is enough for two beds and the rest can be 

fed through earthworm reproductions. According to the life cycle of earthworm, 

around ten weeks is needed to get the second generation of earthworm while all the 

20 composting beds will be expected to be fed in six months. 

To control the process and earthworm growth, three main parameters - temperature, 

humidity, and ventilation - have to be monitored by the equipment located in the 

vermicomposting room. Operators of ROWATS also need to follow the instructions of 

some manuals such as the Book of Earthworm Feeding Technology and Application 

and other literatures as well which cited how to feed the earthworm and how to take 

care of mature earthworm and its cocoons and so on. 

Products Development and Sales 

Based on the size of composting bed, every bed can hold around 2.5-2.7 m3 of waste 

which is around 1,200 kg while 50 kg of wastes are supposed to be treated every day 

and produce 30 kg of wormcast along with earthworm bodies. Hence, it’s a 

reasonable way to feed the earthworms once every three weeks as mention in 

Chapter 4.2. Since the density of earthworm should be kept around 150 per liter of 

waste, total earthworm population in each vermicomposting bed is 400,000, 

approximately. Wormcast can be used for soil fertilizer and gardening while 

earthworm bodies can be used for biopharmaceutical (Mihara et al, 1991). This is 

where benefits are occurring from ROWATS. Table 1 shows the production facts of 

vermicomposting process based on the description in Chapter 3.  

Table 1. Production facts of vermicomposting process 

 Fact Figure 

A Volume of organic wastes 2.7 m3 (9 m*1 m*0.3 m (L*W*D)) 

B Population of earthworms 400,000 (150/L waste*A) 

C Mass of daily waste 

consumption (per earthworm) 

0.15 g (0.2 g body weight * 75%) 

D Mass of daily waste 

consumption (per bed) 

60 kg(B*C, theoretically) 

E Total mass of daily waste 

consumption 

1,200 kg (20 beds*D) 

F Mass of daily vermicast 

production (per bed) 

36 kg (60%*D, theoretically) 
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Based on the figure shown in Table 1, every vermicomposting bed has a theoretical 

consumption capacity of 60 kg of waste per day and can produce 36 kg vermicast. 

However, since not all composting beds are used from the start of ROWATS taken 

into operation, the production of wormcast varies due to earthworm growth and 

operator’s experience. We can expect that there are four vermicomposting beds 

working from 3rd month and 8 beds from 5th month. Finally, the total amount of 

wormcast production in the first half year is estimated to be 30 tons. After the first 

half year, there will be 16 vermicomposting beds working and ROWATS has the ability 

to sell surplus earthworm bodies at that time. Figures of B&C in Table 1 will be used 

to calculate the production of earthworm bodies for sale. As a result, around 80 kg of 

earthworm bodies will be produced from each bed in a period of two months.  

After the vermicomposting room fully operated, the generation of wormcast and 

earthworm bodies comes to regular. If taking 360 days as one year to simplify the 

calculation, the total amount of wormcast production in the second half year will 

climb to 130 tons and 4,800 kg for earthworm bodies while the annual production 

amount will be expected to be around 260 tons for vermicast and 9,600 kg for 

earthworm bodies and larvae. It’s necessary to collect wormcast for sale and add 

new raw materials to composting bed during the vermicomposting process. It ’s a 

simple process to achieve this because the wormcast will be excreted to the top of 

the composting bed by earthworms. Hence, there will be two layers in the 

composting bed, one for wormcast and one for organic waste with earthworms while 

wormcast can be easily rubbed away from the top. And this is also the way to 

separate earthworms and larvae once the population of earthworms gets too crowd 

for one single composting bed. 

Based on the description above, the schematic diagram of ROWATS is shown in 

Figure 5.  
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5 Feasibility Analysis 

As shown in Chapter 1, although there are so many vermicomposting researches 

done in the laboratory, few focused on the realistic practice, especially in the rural 

area of developing countries. However, since huge amount of organic wastes are 

generated and disposed without treatment, it’s necessary to implement 

vermicomposting technology into rural area. After ROWATS was theoretically 

designed in Chapter 4 of this project, its feasibility has to be analyzed in order to 

provide positive suggestions. Based on this, financial analysis will be calculated firstly 

using cost-benefit analysis tool and then Net Present Value (NPV) will be calculated 

to check whether this project is worth to be invested or not. Besides, sensitivity 

analysis will also be made in the financial part to evaluate the value of different 

impact factors and then provide applicable suggestions for ROWATS. Finally, a 

“do-nothing” or “as-usual” scenario will be built to analyze the environmental and 

hygienic impacts of ROWATS comparing with the situation if ROWATS succeeded in 

the related area. 

5.1 Financial Analysis 

Comparing with landfill and incineration, vermicomposting is a waste treatment 

method with lower cost which matches the rural economic situation. In this part, the 

infrastructure and caring cost is evaluated and calculated while the profits coming 

from the products will be estimated. Besides, the price of related aspects shown in 

this chapter comes from market investigation. Cost-benefit analysis, NPV test and 

sensitivity analysis are applied in this part. 

5.1.1 Cost-Benefit Analysis 

This chapter is to analyze cost and benefit ratio based separately on cost and benefit 

calculation and to check out if ROWATS is beneficial in a period of two years. Firstly, 

cost occurred before and during vermicompost process will be calculated, including 

construction, purchase, electricity, labor and so on followed by benefit calculation, 

which comes from products and earthworm body and larvae sale. After that, a 

cost-benefit analysis will be done to check out if this is a beneficial project. 

Cost Calculation 

Generally, the cost of ROWATS comes from seven aspects, namely construction, 

equipment purchasing, organic waste buying, electricity, logistics, salary, and 

communication and project maintenance cost. Characters of each aspect are 

described and calculated as following: 

1) Construction cost occurred when ROWATS plant was built. As shown in Chapter 
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4, the amount of construction fee would be estimated to RMB 50,000. 

2) Equipment purchasing cost is the second cost including heating system, 

humidifier, ventilator and woods for vermicomposting beds. Amount of this budget 

should not exceed RMB 10,000 due to the principle of low operating cost. 

3) Organic waste buying is the main cost after ROWATS gets operated. A price of 

RMB 20 per 100 kg waste is supposed to be appropriate because residents there 

can’t get any payment if they throw the household waste away freely while price of 

cow dung for direct fertilization is much lower, which might be around RMB 8-10 per 

100 kg or even lower since it’s difficult to calculate because usually a buyer will pay 

around RMB 20 to “owners” of cow dung and then get the rights to load the dung as 

much as he can, depending on the capability of the buyer’s vehicle. However, 

ROWATS’ waste buying price includes waste separation process done by waste 

suppliers in advance. ROWATS doesn’t need inorganic waste neither has the 

capability to separate wastes by the operator himself. 

Though ROWATS has a daily treatment ability of around 1,200 kg of waste, it still 

can’t cover all the organic wastes generated in the related area. For example, two 

vermicomposting beds will be utilized and can treat around 3,600 kg of wastes per 

month for the first two months when ROWATS is put into action. After that, there will 

be four beds in use and double the treatment amount which is 7,200 kg per month 

for the next two months. Another 7,200 kg of waste will be treated in the fifth and 

sixth month. After ROWATS puts into full operation, 36 tons of wastes are expected 

to be treated monthly. Hence, the cost for organic waste buying is based on actual 

waste treatment amount other than treatment capacity. 

As a result, cost of organic waste buying will be calculated as following: RMB 720 per 

month for the first two months, RMB 1,440 per month for the second two months, 

RMB 2,880 per month for the third two months, and RMB 7,200 per month from the 

start of second half year.  

4) Electricity consumption depends on the heating and humidifier system. As 

described in Chapter 2, light has the chance to hurt earthworm’s eye-cell. To avoid 

this, light lamps will be turned on only when operator needs to get into 

vermicomposting room and take some necessary actions during the composting 

process. Ventilator becomes the main electricity consumer during the summer time. 

According to the parameters of a specific ventilator (model: T30-11-2.5A, produced 

by Shijiazhuang Aiboer Fan Co., Ltd) around 170 kWh will be used every month (240 

W*24 h*30 d). Heating system (model: XDND-3, produced by Qingdao Ruixinda 

Electrical Heating Equipment Factory) has to work in order to keep the room warm 

during the period with low temperature. As a consequence, around 2,330 Kwh is 

consumed monthly at that time (3 kW*24 h*30 d + 170 kWh). To simplify the 

calculation, 1,200 kWh will be taken as a monthly average electricity consumption 

amount for the whole year. On the other hand, since the pre-treatment process 
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doesn’t require electricity because it’s handled within in the Pre-treatment Area (see 

Figure 3), electricity consumption cost is excluded. As a result, monthly cost from 

electricity consumption will be calculated as around RMB 700 after multiplied by the 

local price of electricity consumption which is around RMB 0.6 per kWh according to 

Shandong Price Bureau, 2011. 

5) Logistic costs happen when vermicomposting products are sold to buyers from 

outer regions. However, local agriculture buyers will be the priorities since the 

vermicast can be used as soil fertilizer. 60% of the products is expected to be sold 

locally and buyers can purchase vermicast by themselves which means logistics cost 

won’t be counted in this project. The rest 40% of products will be sold to outer 

regions. However, distances estimation varies and needs to be simplified. 

Considering this, an average of 800 km means products of ROWATS can be sold to 

neighbor province buyers and if farther, logistics cost will be too high which is not an 

economical deal both for buyer and seller. As a result, around 8 tons of vermicast and 

300 kg of worms and cocoons will be sold to outer region buyers  every month. On 

the other hand, products from the first half year will only be sold locally and 

excluded from the logistics cost calculation. 

As shown in Figure 1, train station is just around 10 km away from ROWATS plant. 

Hence, products are recommended to be delivered by trains while road 

transportation with trucks will be the second option. For the price of logistics, 

resources from national and private train logistic companies showed that price via 

trains will be charged by RMB 0.3 per ton per km while price via trucks will be RMB 

0.5 per ton per km. Again, RMB 0.4 per ton per km will be taken to simplify the 

logistics cost calculation. 

As a result, logistics cost happens when ROWATS gets fully operated from the second 

half year. Monthly cost will be estimated around RMB 2,500 (0.4*8 t*800 km). 

6) Salary is set as a payment to the hired worker of ROWATS. It’s a tough job for the 

operator to deal with every process of the operation of ROWATS. One part-time 

worker can help the operator to deal with organic pre-treatment, vermicomposting 

bed caring, vermicast storage and distribution and so on. Considering the tasks of the 

worker, it’s not necessary to work there every day and the worker can still work on 

his own business. Based on the local monthly salary level, up to RMB 2,500 is an 

attractive amount. Exact monthly salary depends on actual working days. 

7) Communications and project maintenance cost happens when the operator 

communicates with suppliers and buyers and takes care of the whole plants. RMB 

1,500 is supposed to be enough for this aspect. 

Finally, costs from the seven aspects above are congregated and calculated shown in 

Table 2 & 3. 
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Table 2. Summary of monthly ROWATS cost calculation (in RMB) 

 Program Price Volume 
Total 

Price 

Startup 

investment 

Construction 50,000 - 50,000 

Equipment 10,000 - 10,000 

Sub-Total 60,000 

Regular 

expenses 

Electricity 0.6 per kWh 1200 kWh 700 

Logistics* 0.4 per (T*km) 8 T*800 km  2,500* 

Salary 2,500 1 person 2,500 

Communication & 

project maintenance 
1,500 - 1,500 

Sub-Total 7,200 

Fluid 

expenses 

Organic waste 

buying 
20 per 100kg 

Varies, see 

Table 3. 
- 

Note*: Logistics cost happens after six months of ROWATS getting into operation. 

Table 3. Organic waste buying cost specification and calculation 

Timeline Mass (in kg) Price (in RMB) Total Price(in RMB) 

Month 1&2 3,600 

20 per 100 kg 

720 

Month 3&4 7,200 1,440 

Month 5&6 14,400 2,880 

Month after 6 36,000 7,200 

As seen in Table 2 and 3, cost varies for the first six months depending on the 

amount of waste treatment. And after the first half year, logistics cost will be added 

due to products sold to outer region buyers. Accumulated costs of ROWATS for up to 

2 years are drawn in Figure 6. 
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Figure 6. Accumulated Cost of ROWATS 

As seen in Figure 6, slope of the curve significantly steepened after month 6 because 

ROWATS gets into fully operated and needs more wastes to treat and logistics cost is 

also taken into account. As a result, monthly operating cost will come to RMB 14,400 

per month of which 50% is paid to purchase organic wastes. Figure 7 shows the 

percentage of each aspect in the monthly cost when ROWATS gets into fully 

operated. 

 

Figure 7. Percentage of Each Monthly Cost Aspect of ROWATS 

70,840  
83,120  

98,280  

127,080  

155,880  

184,680  

213,480  

242,280  

271,080  

299,880  

328,680  

357,480  

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

400,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Costs/RMB 

Timeline/Month Accumulated Cost of ROWATS

Wastes buying 
50% 

Logistics 
17% 

Salary 
17% 

Communication & 
Project 

maintenance 
11% 

Electricity 
5% 



27 

Benefit Prediction and Calculation 

In general, this is the precondition for the benefit calculation. Benefit of ROWATS 

directly comes from products sales. There are two kinds of products generated by 

ROWATS: vermicast and earthworm bodies, cocoons and larvae. In this case, we 

assume that all the products of ROWATS can be sold in time and without inventory. 

Another precondition is that the price of products will remain stable for a long term. 

Otherwise, the benefit has no chance to be predicted. 

Specifically, vermicast can be sold right from the first month when ROWATS gets into 

operation, even just partly. A total amount of 30 tons of vermicast can be generated 

in the first half year. Since the monthly production amount varies and depends on 

how many vermicomposting beds are in use, we assume that all the first 30 tons of 

vermicast will be sold at the end of month 6. Hence, ROWATS can’t get any incomes 

until the end of the first half year. After that, ROWATS will get around 20 tons of 

vermicast every month when all the twenty beds are used. Price varies from RMB 

400-800 but is still an attractive price for farmers and gardeners because it’s just 

around 20%-40% of price of common chemical fertilizer according to the urea 

product price in November, 2011. To simplify the analysis, 500 will be set as the price 

of this case and is supposed to be stable in a long term. Therefore, total incoming 

from vermicast sales for the first half year will be RMB 15,000. After that, monthly 

incomes from vermicast will be RMB 10,000. 

However, sales for earthworms can’t be made before ROWATS gets into full operation. 

As it’s said before, earthworm bodies, cocoons and larvae can only be sold from the 

start of the second half year. Annual reproduction amount will be around 9600 kg but 

varies depending on the life circle of the species. Since the cost calculation is done 

monthly, it’s an understandable and simplified solution to assign this amount to 

every month which is 800 kg of earthworms for sale. Price of earthworm and its 

cocoons and larvae can be sold in a price of RMB 12 per kg as medicinal material, 

poultry feed, fish bite, etc. RMB 12 per kg is lower than the price comes from the 

Chinese Joint Market Research Network in 2010 because lower price can adjust the 

potential production insufficiency since ROWATS has not been put into practice yet. 

As a result, ROWATS can get RMB 9,600 from earthworm sales every month after it’s 

fully operated. 

In total, income of ROWATS from the first half year will be RMB 15,000 and then 

monthly incomes will climb to RMB 19,600. Comparing with the cost of ROWATS, a 

positive Benefit-Cost can be achieved grossly. Figure 8 shows the gross income curve 

of ROWATS. 
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Figure 8. Separated and Accumulated Income of ROWATS 

Cost-Benefit Analysis 

As this project always said, ROWATS is supposed to be designed for the rural area in 

China where annual incomes is much lower than urban area. Hence, it ’s never an 

option if the financial situation of this system was seen as deficit from the mid and 

long term perspective. Benefit of ROWATS has to be achieved. Fortunately, financial 
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result combining Figure 6 and Figure 8 is shown in Figure 9. 

 

Figure 9. Cost, Income and Benefit Curve of ROWATS 

15,000  

54,200  

93,400  

132,600  

171,800  

211,000  

250,200  

289,400  

328,600  

367,800  

-50,000

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

400,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Benefit/RMB 

Timeline/Month gross income vermicast sales earthworm sales

-65,420  
-90,700  

-46,880  

-41,680  
-26,080  10,320  

-200,000

-100,000

0

100,000

200,000

300,000

400,000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

RMB 

Timeline/Month 

Accumulated Cost of ROWATS Gross Income of ROWATS Benefit of ROWATS



29 

As shown, ROWATS will start with a deficit of RMB 65,420 due to cost of facility 

construction and equipment purchasing. Trough of the deficit happens in month 5 

ending with a number of RMB 90,700 because vermicast produced in the first half 

year will be sold at the end of month 6, as the assumption in Chapter 4, incomes 

can’t be theoretically expected till then. Hence, operator of ROWATS needs to 

prepare a startup fund of around RMB 90,000 even 100,000 to avoid bankruptcy 

before ROWATS gets constructed. When time goes to month 6, incomes will cover 

the deficit regularly, as shown in Figure 9. Profitable time will happens in the end of 

second year which means ROWATS can get all the investment back in a period of two 

years. After that, monthly benefit will be over RMB 5,000. Hence, ROWATS is a 

profitable project from the result of cost-benefit analysis. 

5.1.2 NPV Calculation and Analysis 

Net Present Value (NPV) calculation ought to be introduced into this project in order 

to make the positive result more reliable. 

Firstly, a discount rate (or rate of return) has to be set up for NPV calculation. The 

weighted average cost of capital (WACC), which means the minimum return that a 

company must earn on the investment project, is often used as the discount rate 

(Miles and Ezzell, 1980). However, the calculation and estimation of WACC model is 

too difficult to make due to the financial knowledge limitation in this case. As an 

alternative, discount rate will be set up based on the deposit rate.  Effect of variation 

discount rate will be calculated in Chapter 5.1.3. 

Since the internet information from Bank of China shows that the annual RMB 

deposit rates for up to five years is 5.25%, the discount rate in this case should not be 

lower than that. Theoretically, we assume that there is another attractive investment 

option that can bring 5.5% as the discount rate in this case for as long as five years. 

Secondly, mathematical model of cash flow of ROWATS for five years is needed and 

extracted from Figure 9 and we assume that the cash flow rate will remain stable 

from the second year until the fifth. Besides, since ROWATS needs RMB 60,000 for 

facility construction and equipment purchase, the Net Cash Flow (NCF) of year 0 will 

be set as RMB -60,000. Hence, Table 4 shows the cash flow of ROWATS. 

Table 4. Cash flow of ROWATS (In RMB, Duration of Five Years) 

Timeline/Year Outflow Inflow Net Cash Flow 

0 60,000 0 -60,000 

1 124,680 132,600 7,920 

2 172,800 235,200 62,400 

3 172,800 235,200 62,400 

4 172,800 235,200 62,400 

5 172,800 235,200 62,400 



30 

NPV of ROWATS will be calculated by the formula of NPV: 

NPVt=∑
𝑁𝐶𝐹𝑡

(1 + 𝑟)𝑡⁄𝑡=0 ,                     (1) 

Where: NCF - Net Cash Flow; t-year, t=0, 1, 2, 3, 4, 5; r-discount rate, 5.5%. 

So, NPV2=3,571>0, NPV5=154,836>0, as shown in Figure 10. Positive NPV2 means that 

ROWATS can get profit from the end of 2nd year after launched in the related area. 

 

Figure 10. Net Present Value (NPV) of ROWATS 
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it’s generally operated by national train grids but the average distance of delivery 

can’t be predictable neither fully controlled by ROWATS. For example, operator can 

reject a 1-ton-buyer from 1,500 km away but a 20-ton business from that distance 

would be attractive. Therefore, uncertainty of logistics can be addressed as distance 

variations. Electricity is the most stable factor among them because the price of it is 

set up from national scale and won’t change frequently. Hence, we assume the price 

of electricity will remain stable at RMB 0.6 per kWh and is excluded from this part. 

For the price and productivity of products, this mainly relies on the market 

mechanism and technology application efficiency. Since increase of production 

amount and products price will bring more profit to ROWATS, it ’s not necessary to 

analyze its impact. Therefore, presumed changes related to products will be defined 

as “decrease”. In summary, up to four independent changes for sensitivity analysis in 

this case are simulated as following: 

1) Average distance changes of logistics increased by 200 km; 

2) Price of waste buying increased to RMB 25 per 100 kg; 

3) Price of vermicast will decrease to RMB 450 per ton while price of earthworms 

to RMB 10 per kg; 

4) Monthly production amount of vermicast has decreased to 18 tons while 

production of earthworms goes to 600 kg per month; 

5) Discount rate will rise up from 5.5% to 6%, 7%, 8%. 

In consequence, each single simulation from case 1-4 will lead to the change of NPV. 

Effect of discount rate change will also be calculated separately. Results are shown in 

Figure 11-14, where superscript number on NPV means the calculation was made 

based on the pre-selected discount rate. 
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Figure 11. Impacted NPV5.5% by Different Simulations 
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Figure 13. Impacted NPV7% by Different Simulations 

 

Figure 14. Impacted NPV8% by Different Simulations 
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Table 5. Impacted NPV5.5% and mathematical relation with varied factors 

Case Varied factor 
Variation 

rate 
NPV2 NPV5 

Variation rate 

NPV2 NPV5 

0 - - 3,571 154,826 - - 

1 
Logistics 

distance 
25% -7,958 122,937 323% 20.6% 

2 
Waste buying 

price 
25% -28,462 70,436 897% 54.5% 

3 
Price of 

products 
13.3% -40,670 34,958 1,239% 77.4% 

4 
Generation of 

products 
17.5% -52,423 -65 1,568% 99.9% 

As shown in Table 5, changes in products can lead to a massive financial crisis of 

ROWATS comparing with changes in logistics and waste collection issues. Huge 

financial deficit still retains in the end of second year. Hence, decline related to 

products of ROWATS has to be avoided strictly, no matter price or generation. In 

contrary, price or production rise of products will significantly increase the profit of 

ROWATS. 

To sum up, ROWATS is a financial feasible project for rural area. Operator has a big 

chance to get all the investment back within 2 years. However, profit of this project is 

significantly related to the price and production efficiency of products, vermicast and 

earthworms in specifically. Operator has to know that even small scale of change 

could lead to financial deficit or even bankruptcy. 

5.2 Environmental and Hygienic Impact Analysis 

Current situation in related area shows that only small part of the cow dung were 

used as soil fertilizer directly while all domestic waste were disposed freely and relies 

on natural decomposition process (see Figure 15). 

 

 

 

 

 

Figure 15. Cow dung and domestic waste deposition site (Photographed by Xiangyu Li) 

The left picture of Figure 15 shows that cow dung was directly disposed next to a 
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lane heading to another village by cow feeders while domestic wastes on the right 

picture, including organic waste and inorganics were discarded in a precipitation 

ditch. Once heavy rain hits this area, cow dung mixed with leakages (see lower right 

of the left picture) and domestic wastes will be flushed into a downstream artificial 

lake. Besides, flies and mosquitoes living on these wastes could cause hygienic 

problems. This is why ROWATS shall be introduced to reduce the environmental and 

hygienic impacts. 

Main environmental impacts are described as following if the situation goes as usual. 

Comparison with the condition if ROWATS exists is also made at the same time. 

Leakages from decomposition of waste will infiltrate into the groundwater grid and 

artificial lakes along with precipitation runoffs. Consequently, ammonia, phosphorus, 

mineral nitrogen and other substances will exacerbate and increase the 

eutrophication process and get an open opportunity to be absorbed by aquatics 

Furthermore, leakages and compositions might also do harm to human bodies since 

there is no pipeline water supply system constructed there. Actually, daily water 

usage there directly comes from private wells without any purification or disinfection 

process. It’s predictable that this kind of drinkable water has been polluted even 

though no chemical tests have been done yet. Meanwhile, even those cow dung 

used as soil fertilizer can play a toxic roll since decomposition will still be taken place 

in crop fields. 

Technically, ROWATS can’t completely solve this problem since it has a treatment 

capacity of around 1,200 kg per day only. But as described in the demonstration part, 

ROWATS will select one or several villages to participate in. As a consequence, 

villages involved in ROWATS have the potentiality to get rid of cow dung leakages. In 

a long term, more villages can build their own similar project to deal with wastes and 

avoid leaks since ROWATS is profitable. Economic stimulation is a useful and powerful 

driving force for the residents with low annual incomes there. 

Leakages from the pre-treatment process of ROWATS can’t be eliminated neither due 

to the decomposition process of cow dung. However, the difference between with 

and without ROWATS is that leakages in ROWATS plant are isolated from the natural 

environment. A possible solution for the collected leakages is to send them to a 

nearby sewage treatment plant. 

Odor is also a significant impact coming from cow dung and decomposition of 

domestic wastes. Wastes disposed next to the roads and houses will continuously 

release disgusting and unpleasant odor substances and cause undetectable health 

risks to residents. However, it’s not realistic for them to force waste disposers to deal 

with this issue since the social relationship there is complex and based on blood and 

kinship. Possible solution for the victims is to endure it or try to keep away from the 

wastes as far as they can. 

Implant of ROWATS can provide a convincing option to reduce the annoying feelings 
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even just for several hundred of people. Besides, odor could be eliminated during the 

vermicomposting process since it is odorless as Chaoui reported (2010). 

Like the situation of leakages, pre-treatment process of ROWATS can’t solve the odor 

problem, neither. But since ROWATS can keep the odor far away from residential area, 

it’s still an improvement comparing with current situation. 

Hygienic problem is the last but not least negative impact coming from waste 

dispose, especially during the summer time. Massive amount of flies, mosquitoes 

and other “poisonous” species live and regenerate on cow dung and domestic wastes 

around. Pathogenic bacteria and virus get the panel to infect people living there. 

ROWATS can’t guarantee to eliminate the hygienic problems but it is supposed to be 

helpful to reduce negative effects. Further and specific research is suggested to be 

designed and test the negative impacts from them later. 

Critically, ROWATS also has its own negative characters. For example, it will bring 

extra carbon emissions to the environment since it consumes around 14,400 kWh of 

electricity every year for heating, ventilating and so forth. But still, it’s an optimistic 

solution for the rural area if considering its economical profits and environmental 

impacts improvement. Actually, green energy generation system, solar energy, wind 

energy, for instance, can be introduced into this program in order to reduce carbon 

emissions if the financial situation is sufficient. 
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6 Discussion 

Core theme of ROWATS is to design an organic waste treatment system with lower 

total cost and higher efficiency since financial sufficiency is the key execution and 

success factor for the rural area of China comparing with the cost (RMB 540 million) 

of landfill facility in Changchun in 2010. Considering the benefited population of 

Changchun and this project, case in Changchun may have lower cost per capita 

(around RMB 200) but the problem is that rural area can’t afford the total investment. 

Besides, landfill is an expendable project while ROWATS can provide profit to rural 

stakeholders. 

Figure 9 shows the most financial deficit reaches to RMB 90,700 which means 

operator of ROWATS needs to collect this amount of money at least to avoid 

bankruptcy. In fact, it’s still difficult to achieve considering the annual incomes of that 

area. But once ROWATS is conducted, it can bring profits continuously because 

vermicast is a very good organic fertilizer for crop fields and apple trees. Besides, 

conduction of ROWATS needs lots of time but it ’s not necessary to make it as a 

“full-time” job. Operators and the extra worker can still spend time on regular 

agriculture works which means the profits from ROWATS can be considered as “extra” 

income. Hence, predictable profit is the most significant driving force to run ROWATS. 

As described in Chapter 5, ROWATS can eliminate the annoying odor around 

residential houses and reduce the population of flies and mosquitoes during summer 

time. Visible and direct environmental improvement can encourage those rural 

residents to conquer financial insufficiency and conduct ROWATS. In addition, 

ROWATS will pay some money to residents for organic waste collection. This action 

can not only lead to resources sufficiency but also arouse people to support ROWATS. 

However, there are several issues ROWATS can’t guarantee. The first thing is purity of 

organic wastes. ROWATS only needs organic wastes to feed earthworms. Operator 

can control the purity of cow dung but domestic wastes contain inorganic wastes, 

plastic, paper, glass, fabric, metal, for instance. ROWATS requires residents to 

separate inorganic from organic wastes but can’t guarantee the efficiency of 

separation process. Since invalid separation could lead to obstacle or even failure of 

vermicast production, operator needs to focus on the quality of organic wastes 

before waste collection payment. Leakage from pre-treatment process is another 

issue ROWATS can’t solve. Since leakage production pace can’t be predicted properly, 

operator needs to install a leakage gathering panel to collect leakage and send it to 

sewage treatment facility. And ROWATS can’t guarantee that the sewage treatment 

facility can accept these leakages neither or ROWATS has to pay for leakage 

acceptance and treatment, cost of which was not studied, however.  

On the other hand, market is a key factor leading to success of ROWATS. It’s very 

important to sell all of the products out. Since vermicast can be used as cheaper soil 
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fertilizer, it’s possible to sell all the vermicast to farmers around. Hence, efficiency of 

earthworm sales becomes the priority. Operator needs to keep current market and 

develop more buyers, pharmaceutics, for example. Furthermore, result of NPV 

calculation shows that variation of product price can lead to huge financial deficit. 

That means ROWATS needs to pay more attention to the change of market and shall 

explore and develop new ones. 

Demonstration of ROWATS also pointed out some research directions related to 

organic waste management in rural area. First of all, financial support is extremely 

important for rural area. As calculated in Chapter 5, only a total investment of RMB 

100,000 can run ROWATS effectively but this amount of money is still very difficult to 

collect, especially comparing with those huge amounts of investment on urban area. 

Local and national government shall show their responsibility and financial support 

to rural area. Only one ROWATS is definitely not enough. Secondly, leakage is 

supposed to be another decent fertilizer since it is comprised by a variety of nutrient 

substances, N, P, K, for instance. Special experiment and test shall be conducted to 

study its effect on crops and soil. Thirdly, ROWATS relies mainly on cow dung as 

resources but it’s not a good solution for those rural areas without cows. Future 

researches shall be made to figure out suitable solutions. At last but not least, 

ROWATS focuses only on rural organic wastes. There are still large amount of 

inorganic wastes left in that area, some of which are toxic to human being and 

environment as well. A comprehensive solid waste treatment system needs to be 

installed to protect those rural residents. 
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7 Conclusion 

ROWATS (Rural Organic WAste Treatment System) is designed to deal with those 

disposed organic wastes in rural area based on vermicomposting. Two financial 

analysis tools, Cost-Benefit Analysis and Net Present Value analysis, were applied to 

assess ROWATS’ feasibility. Results showed that ROWATS is a profitable project in 

terms of 2 years and 5 years. Sensitivity Analysis was made to evaluate the value of 

possible factor variation. Price and productivity of products play more important role 

on profit making of ROWATS compare with the cost variation of logistics and waste 

purchasing. Therefore, stable price and productivity of vermicast and earthworms is 

strictly required. 

ROWATS can reduce the negative environmental and hygienic impacts from waste 

dispose. Carbon emission is the negative impact from ROWATS due to extra 

electricity consumption. However, this can be covered by green energy generation 

facility implementation if given sufficient financial support. However, ROWATS can’t 

deal with leakages produced during the pre-treatment process. A third party needs 

to be involved in which could be the urban sewage treatment plant. 

At last, ROWATS proved that low-cost but effective organic waste treatment system 

could be built for rural area of developing countries, not only in China. It can be 

implemented in India, for example. Financial deficiency problem is not impossible to 

solve. Even single family has the ability to implement a smaller model of ROWATS. 
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