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Project Plan 

This plan is developed in order to reduce the pollution of organic wastes, 

excreta and domestic sewage on the ecological environment, change 

wastes into valuables, realize the sustainable development strategy and 

the concept of recycling economy, transform organic wastes, excreta and 

domestic sewage into fertilizers and irrigation water for agricultural 

production after innocent treatment, and make contributions to the 

agricultural recycling economy and sustainable development.   

I. Scope of study  

(I) Study on the composting method for human feces and organic kitchen 

refuse and urine nitrogen preserving additive test  

1 Experimental study on the impact of the quantity and component of 

compost additive on the composting process and output  

The study is mainly to analyze the impacts of mixing ratio of organic 

waste and feces and the quantity of additives (mainly ammonia adsorbent, 

zymophyte and PH regulator) on the decomposition extent, 

decomposition duration and quality of the compost. In order to simplify 
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the experiment and eliminate the defect of uncollectible data caused by 

undersized community area and interference between treatments, the 

experiment is divided into three cycles, and the treatments in each cycle 

will not be repeated. The invariant of each cycle will use the best dosage 

of last cycle. The moisture content of compost will range between 45% 

and 50%.   

The experimental design adopts split plot arrangement with two factors 

and three levels. The main-plot factor is the mixing ratio of organic waste 

and feces, while the subplot factor is the application quantity of ammonia 

adsorbent, microbial inoculum and PH regulator. The main-plot factor is 

divided into three treatments, namely: mixing ratio of 2:1 and 3:1 of the 

organic waste and feces and the daily output ratio. The application 

quantity of fermenting saprophyte and ammonia adsorbent will be 0.25kg, 

0.50 kg and 0 kg respectively per square meter. The application quantity 

of PH regulator (calcium oxide) will be 0.50 kg, 1.50 kg and 0 kg 

respectively per square meter. Each cycle will consist of 9 plots.   

Data observed and recorded in the experimental field:   

The outdoor temperature (maximum and minimum air temperature) of the 

composting yard; the indoor temperature and humidity of the composting 

yard (measured at around 2:00 pm of each day); the surface temperature 

and central temperature of each treatment (measured at around 2:00 pm 

of each day); the surface and central fermentation degree of each 
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treatment (color, smell and decomposition degree, recorded at around 

2:00 pm of each day); the surface and central moisture content of each 

treatment (measured at around 2:00 pm of each day).   

Contents of assay and analysis:   

The measurement of micro-organism (hygiene) indicators of each 

treatment before and after the fermentation (to be analyzed by Erdos 

Epidemic Prevention Station), measurement of output nutrients (including 

organic substance, total nitrogen, available nitrogen, available phosphorus, 

and available potassium), measurement of the physical and chemical 

properties of the output (including pH value, quality, chloride ion, heavy 

metal lead, mercury content, carbon-nitrogen ratio and etc).   

2 Experimental study on the impact of moisture content on the 

composting process and output  

The study is mainly to analyze the impact of moisture content on the 

decomposition extent, decomposition duration and quality of the 

compost.   

The experimental design adopts the experiment using single factor and 

three levels, and has three treatments, namely, the quality moisture 

content of 35%, 45% and 55% respectively (repeated for twice). This 

research plan will be completed by the end of June 2007.   

Data observed and recorded in the experimental field:   

The outdoor temperature (maximum and minimum air temperature) of the 
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composting yard; the indoor temperature and humidity of the composting 

yard (measured at around 2:00 pm of each day); the surface temperature 

and central temperature of each treatment (measured at around 2:00 pm 

of each day); the surface and central fermentation degree of each 

treatment (color, smell and decomposition degree, recorded at around 

2:00 pm of each day); the surface and central moisture content of each 

treatment (measured at around 2:00 pm of each day); the record of bottom 

water leakage during the composting process.   

Contents of assay and analysis:   

The measurement of micro-organism (hygiene) indicators of each 

treatment before and after the fermentation (to be analyzed by Erdos 

Epidemic Prevention Station), measurement of output nutrients (including 

organic substance, total nitrogen, available nitrogen, available phosphorus, 

and available potassium), measurement of the physical and chemical 

properties of the output (including pH value, quality, volumetric weight, 

chloride ion, heavy metal lead, mercury content, carbon-nitrogen ratio 

and etc).   

3. Urine additive experiment  

During the process of urine storage, the action of urease and 

micro-organism will decompose urea into ammonium bicarbonate, and 

the pH value will be increased. The ammonium bicarbonate will further 

be decomposed into ammonia gas, CO2 and water, causing nitrogen loss. 
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By adding an appropriate amount of ferrous sulfate (black alum) or 

calcium sulfate (gypsum) into the container for storing urine, the nitrogen 

loss can be effectively suppressed. However, excessive calcium and 

ferrous ion will decrease the effectiveness of phosphorus.   

This experiment has a single factor and four levels. Four levels refer to 

the addition of 0kg, 5kg, 10kg and 20kg ferrous sulfate or calcium sulfate 

per square meter. This study will be completed by the end of June 2007.   

The assay and analysis will mainly involve the measurement of available 

nitrogen, available phosphorus and the physical/chemical properties of 

the output (including pH value, Na+, chloride ion, urea/uric acid, 

transparency, sediment and etc).   

Through the aforementioned experimental study, we can find out the 

optimum mixing ratio and optimum moisture content of the compost, as 

well as the relationship between temperature/humidity and composting 

duration, fermentation degree and dosage of urine additive.   

(II) Detection of composting output and urine components  

After innocent composting treatment, the agricultural application of 

human feces and organic kitchen wastes is theoretically safe. However, 

owing to the impact of environmental factors and the fermentation degree, 

they must undergo necessary detection before delivery.   

Since the feces and urine are separately stored, the human urine is 

generally free of any harmful infectious microbe, and can be directly used 
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in agricultural production as a fertilizer source. However, harmful 

bacteria might be generated during the separation and storage process, 

and biochemical reactions incurred during urine storage will generally 

change urine contents. Therefore, its quality shall be monitored before the 

agricultural application.   

Contents of assay and analysis:   

The measurement of micro-organism indicators (to be analyzed by Erdos 

Epidemic Prevention Station), measurement of nutrients (including 

organic substance, total nitrogen, available nitrogen, available phosphorus, 

and available potassium), measurement of the physical and chemical 

properties (including pH value, Na+, chloride ion, urea/uric acid, heavy 

metal contents, urine transparency, sediment and etc). This research plan 

will be completed by the end of June 2007.   

(III) Study on the agricultural utilization of composting output and urine 

(field test)  

1. Field application test of composting output and urine.   

1) Field test of composting output on potato  

Potato is very responsive to organic fertilizer. Our fundamental purpose is 

to find out the optimum dosage and yield increasing effect of composting 

output on potato.   

The experiment uses a single factor and five levels, namely: 1) applying 

15000 kg composting output per hectare; 2) applying 30000 kg 
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composting output per hectare; 3) applying 45000 kg composting output 

per hectare; 4) blank area (without fertilization), and repeated for three 

times. The fertilization method adopts basal application, namely, the 

fertilizer is applied when the potato seed is planted. The plot area shall 

reach at least 20m2. In order to reduce production loss, the blank area can 

be decreased as appropriate. This study will be completed by the end of 

November 2007.   

Items to be recorded: conditions of the experiment soil (including 

topographical features, soil type, characters, fertility level, previous crop 

and growth status), breeding duration of each treatment (mainly the 

seeding period, period of emergence, rosette developing phase, bud stage, 

blooming stage, tuber expansion stage, physiological-ripe stage and 

harvesting period, as well as the growth status of each treatment during 

each growth stage, such as plant height, leaf color and etc), farming 

activities (such as seeding, fertilizing, watering, weeding, earth backing 

and harvesting; such information as date, method and quantity shall be 

recorded), meteorological factors (date and impact of late frost and early 

frost; rainfall precipitation, date and intensity during the growth period of 

crop plant; date and impact of hail and other disastrous weather); 

occurrence, prevention and treatment of disease and insect damage 

(including the time, type and extent of disease and insect damage, as well 

as the measures for prevention and treatment and their effects).   
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Field investigation items: distance between plants, distance between rows, 

field emergence rate, and the number of plants per hectare. Such 

investigation shall be carried out three times during the period of plant 

growth.   

Test items: including plant height, pseudo-axis branching, number of 

tubers of a single plant, tuber weight of a single plant, output per hectare 

and homogeneity degree of tuber.   

Analysis and test items: nutrient contents (including organic substance, 

total nitrogen, available nitrogen, available phosphorus, and available 

potassium), bulk density and pH value of soil before the experiment; soil 

nutrient contents (including organic substance, total nitrogen, available 

nitrogen, available phosphorus, and available potassium), bulk density 

and pH value of soil of each treatment after the experiment. The plant 

analysis mainly involves the starch content and nitrogen-free exudate 

content of tuber in different treatments.   

Collection of photographic data: Photos shall be taken for each treatment 

and different handling techniques during the growth period.   

2) Application test of composting output and urine on the corn field  

The corn is a fertilizer-liking high-yielding crop being responsive to 

fertilizer. Our fundamental purpose is to find out the optimum dosage, 

application method and yield increasing effect of composting output and 

urine on corn, as well as its fertility betterment effect on soil.   
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The experiment adopts split plot design with two factors and four levels. 

The main-plot treatments are featured by: 1) applying 30000 kg 

composting output per hectare; 2) applying 45000 kg composting output 

per hectare; 3) applying 60000 kg composting output per hectare; 4) 

blank area (without fertilization); the subplot treatments are featured by: 1) 

applying 9000 kg urine per hectare; 2) applying 18000 kg urine per 

hectare; 3) applying 27000 kg urine per hectare; 4) blank area (without 

fertilization). No repetition is required. Method of fertilization: 1) basal 

application for the composting output, namely, the fertilizer is applied 

during the plowing of corn field; 2) topdressing for urine, namely, the 

urine will be applied in three times along with watering during the 

elongation stage, booting stage and grain filling stage. The main-plot area 

shall reach at least 60m2, while the subplot area shall reach at least 20m2. 

This study will be completed by the end of November 2007.   

Items to be recorded: conditions of the experiment soil (including 

topographical features, soil type, characters, fertility level, previous crop 

and growth status); breeding duration of each treatment (mainly the 

seeding period, period of emergence, elongation stage, booting stage, 

blooming stage, grain filling stage, mature stage and harvesting period, as 

well as the growth status of each treatment during each growth stage, 

such as plant height, leaf color and etc); farming activities (such as 

seeding, fertilizing, watering, weeding, earth backing and harvesting; 
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such information as date, method and quantity shall be recorded); 

meteorological factors (date and impact of late frost and early frost; 

rainfall precipitation, date and intensity during the growth period of crop 

plant; date and impact of hail and other disastrous weather); occurrence, 

prevention and treatment of disease and insect damage (including the 

time, type and extent of disease and insect damage, as well as the 

measures for prevention and treatment and their effects).   

Field investigation items: distance between plants, distance between rows, 

field emergence rate, and the number of plants per hectare. Such 

investigation shall be carried out three times during the period of plant 

growth.   

Test items: including plant height, spike length, spike position, grain 

number per spike, grain weight per spike, double spike rate, plot yield, 

output per hectare and etc.   

Analysis and test items: nutrient contents (including organic substance, 

total nitrogen, available nitrogen, available phosphorus, and available 

potassium), bulk density and pH value of soil before the experiment; soil 

nutrient contents (including organic substance, total nitrogen, available 

nitrogen, available phosphorus, and available potassium), bulk density 

and pH value of soil of each treatment after the experiment. The plant 

analysis mainly involves the protein content and lysine content of the 

corn grain in each treatment.   
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Collection of photographic data: Photos shall be taken for each treatment 

and different handling techniques during the growth period.   

2. Field application test of composting output and urine on greenhouse 

vegetables  

Greenhouse application test of composting output and urine on leaf 

vegetables  

Leaf vegetables include cabbage, rape and ball cabbage of mustard family, 

spinach of goose foot family, celery, Chinese parsley (caraway) and 

fennel of the parsley family, and garland chrysanthemam of the 

composite family. Owing to their short growth period and rapid growth 

speed, they are responsive to fertilizer, especially to the nitrogenous 

fertilizer and potash fertilizer. Since nitrogen and potassium are the major 

components of urine, urine is very suitable for applying on these crop 

plants.   

This experiment is a two-factor compound experiment consisting of six 

treatments, namely: 1) applying 45000 kg composting output as the basal 

dressing and 45000 kg urine as the top dressing for each hectare; 2) 

applying 4500 kg composting output as the basal dressing and 90000 kg 

urine as the top dressing for each hectare; 3) applying 75000 kg 

composting output as the basal dressing and 45000 kg urine as the top 

dressing for each hectare; 4) applying 75000 kg composting output as the 

basal dressing and 90000 kg urine as the top dressing for each hectare; 5) 
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applying 105000 kg composting output as the basal dressing and 45000 

kg urine as the top dressing for each hectare; 6) applying 105000 kg 

composting output as the basal dressing and 90000 kg urine as the top 

dressing for each hectare. The habitual fertilization method used by the 

peasant is used and repeated for twice. The plot area shall reach at least 

5m2, and a 2m2 blank area is provided to measure the productivity of the 

soil. Other farming activities will be carried out in line with the planting 

habits of farm households. This study will be completed by the end of 

June 2007.   

Items to be recorded: conditions of the experiment soil (including 

topographical features, soil type, characters, fertility level, previous crop 

and growth status); breeding duration of each treatment (mainly the 

seeding period, period of emergence and harvesting period, as well as the 

growth status of each treatment during each growth stage, such as plant 

height, leaf color and etc); farming activities (such as seeding, fertilizing, 

watering, weeding, earth backing and harvesting; such information as 

date, method and quantity shall be recorded); occurrence, prevention and 

treatment of disease and insect damage (including the time, type and 

extent of disease and insect damage, as well as the measures for 

prevention and treatment and their effects).   

Field investigation items: distance between plants, distance between rows, 

field emergence rate, and the number of plants per hectare. Such 
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investigation shall be carried out three times during the period of plant 

growth.   

Measurement record of yield related factors: including the yield of 

individual plant (specified plant), cumulative yield of plot, and 

computative yield per hectare.   

Analysis and test items: nutrient contents (including organic substance, 

total nitrogen, available nitrogen, available phosphorus, and available 

potassium), bulk density and pH value of soil before the experiment; soil 

nutrient contents (including organic substance, total nitrogen, available 

nitrogen, available phosphorus, and available potassium), bulk density 

and pH value of soil of each treatment after the experiment. The plant 

qualitative analysis shall be carried out in line with qualitative analysis 

stipulations of such plant.   

Collection of photographic data: Photos shall be taken for each treatment 

and different handling techniques during the growth period.   

Since vegetable crops are short in growth cycle, and the greenhouse 

production can be carried out all the year around, such experiment can 

also be performed on root stock vegetables and bulb vegetables if the 

funding and personnel conditions allow.   

(IV) Evaluation of the impact of long-term application of urine as 

fertilizer on the soil and the study on the corresponding solutions  

The urine contains not only the nutritive elements needed by the plant, 
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but also a given amount of the inorganic salt of sodium chloride. Whether 

the long-term application of urine can affect the production performance 

of soil will take long-time fixed-location experiment and observation to 

make the correct conclusion. The corn can be selected as the experiment 

subject, and the variety can use the locally popularized variety, such as 

Zhedang #7.   

The experiment has a single factor and three levels. On the basis of 

applying 15000 kg farmyard manure per hectare, 1) apply 30000 kg urine 

per hectare; 2) apply 60000 kg urine per hectare; 3) apply 90000 kg urine 

per hectare. The habitual fertilization method used by the peasant is used 

to apply 1200 kg ammonium bicarbonate and 75 kg diammonium 

orthophosphate per hectare without repetition. The plot area shall reach at 

least 60m2. Top dressing approach will be adopted for urine, namely, the 

urine will be applied in three times along with watering during the 

elongation stage, booting stage and grain filling stage of the corn. Basal 

dressing approach will be adopted for the farmyard manure and 

ammonium bicarbonate, while the diammonium orthophosphate will be 

used as the seed manure. This study will be completed by the end of 

November, 2007.   

Items to be recorded: conditions of the experiment soil (including 

topographical features, soil type, characters, fertility level, previous crop 

and growth status); breeding duration of each treatment (mainly the 
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seeding period, period of emergence, elongation stage, booting stage, 

blooming stage, grain filling stage, mature stage and harvesting period, as 

well as the growth status of each treatment during each growth stage, 

such as plant height, leaf color and etc); farming activities (such as 

seeding, fertilizing, watering, weeding, earth backing and harvesting; 

such information as date, method and quantity shall be recorded); 

meteorological factors (date and impact of late frost and early frost; 

rainfall precipitation, date and intensity during the growth period of crop 

plant; date and impact of hail and other disastrous weather); occurrence, 

prevention and treatment of disease and insect damage (including the 

time, type and extent of disease and insect damage, as well as the 

measures for prevention and treatment and their effects).   

Field investigation items: distance between plants, distance between rows, 

field emergence rate, and the number of plants per hectare. Such 

investigation shall be carried out three times during the period of plant 

growth.   

Test items: including plant height, spike length, spike position, grain 

number per spike, grain weight per spike, double spike rate, plot yield, 

output per hectare and etc.   

Analysis and test items: soil nutrient contents (including organic 

substance, total nitrogen, available nitrogen, available phosphorus, and 

available potassium), soil salt contents (HCO3
-, CO3

=, SO4
=, Cl-; Na+, K+, 
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Ca++, Mg++) and proportion, bulk density and pH value of soil before the 

experiment; soil nutrient contents (including organic substance, total 

nitrogen, available nitrogen, available phosphorus, and available 

potassium), soil salt contents (HCO3
-, CO3

=, SO4
=, Cl-; Na+, K+, Ca++, 

Mg++) and proportion, bulk density and pH value of soil of each treatment 

after the experiment. The plant analysis mainly involves the protein 

content and lysine content of the corn grain in each treatment. 

Collection of photographic data: Photos shall be taken for each treatment 

and different handling techniques during the growth period.   

(V) Experimental study on the coupling effect of the impacts of fertilizing 

with composting output and urine and irrigating with grey water on the 

crop production and quality  

1. Application test of grey water and urine on the corn field (if the 

composting output is enough, it can be designed as a three-factor 

experiment)  

The corn is a fertilizer-liking high-yielding crop being responsive to 

fertilizer. Our fundamental purpose is to find out the optimum dosage, 

application method and yield increasing effect of grey water and urine on 

corn, as well as its fertility betterment effect on soil. In view of the 

shortage of grey water and urine supply in spring, the experiment corn 

variety will select silage corn (seeded around June 25).   

The experiment adopts split plot design with two factors and four levels. 
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Besides applying 22500 kg farmyard manure per hectare, the main-plot 

treatments will be featured by: 1) applying 1200m3 water per hectare; 2) 

applying 1500m3 water per hectare; 3) applying 1800m3 water per hectare; 

4) no watering; the subplot treatments are featured by: 1) applying 15000 

kg urine per hectare; 2) applying 30000 kg urine per hectare; 3) applying 

45000 kg urine per hectare. The habitual fertilization method used by the 

peasant is used to apply 1200 kg ammonium bicarbonate and 45 kg 

diammonium orthophosphate without repetition. Method of fertilization: 

top dressing for urine, namely, the urine will be applied in three times 

along with watering during the elongation stage, booting stage and grain 

filling stage. The main-plot area shall reach at least 60m2, while the 

subplot area shall reach at least 15m2. A 10 m2 blank area is provided to 

measure the productivity of the soil. This study will be completed by the 

end of November 2006.   

Items to be recorded: conditions of the experiment soil (including 

topographical features, soil type, characters, fertility level, previous crop 

and growth status); breeding duration of each treatment (mainly the 

seeding period, period of emergence, elongation stage, booting stage, 

blooming stage, grain filling stage, mature stage and harvesting period, as 

well as the growth status of each treatment during each growth stage, 

such as plant height, leaf color and etc); farming activities (such as 

seeding, fertilizing, watering, weeding, earth backing and harvesting; 
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such information as date, method and quantity shall be recorded); 

meteorological factors (date and impact of late frost and early frost; 

rainfall precipitation, date and intensity during the growth period of crop 

plant; date and impact of hail and other disastrous weather); occurrence, 

prevention and treatment of disease and insect damage (including the 

time, type and extent of disease and insect damage, as well as the 

measures for prevention and treatment and their effects); moisture 

determination of field soil (to be measured every five days: soil moisture 

content at 10cm, 25cm and 40cm of each treatment; to be measured once 

in the growth period: field capacity and bulk weight at 10cm, 25cm and 

40cm).   

Field investigation items: distance between plants, distance between rows, 

field emergence rate, and the number of plants per hectare. Such 

investigation shall be carried out three times during the period of plant 

growth.   

Test items: including plant height, spike length, spike position, grain 

number per spike, grain weight per spike, double spike rate, plot yield, 

output per hectare and etc.   

Analysis and test items: nutrient contents (including organic substance, 

total nitrogen, available nitrogen, available phosphorus, and available 

potassium), bulk density and pH value of soil before the experiment; soil 

nutrient contents (including organic substance, total nitrogen, available 
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nitrogen, available phosphorus, and available potassium), bulk density 

and pH value of soil of each treatment after the experiment. The plant 

analysis mainly involves the protein content and lysine content of the 

corn grain in each treatment.  。 

Collection of photographic data: Photos shall be taken for each treatment 

and different handling techniques during the growth period.   

 

In order to complete the aforementioned experimental studies, 7.8 

tons of composting output, 9.2 tons of urine and 180 cubic meters of 

processed grey water will be needed.   

II. Project participant and personnel structure  

(I) Project participant  

Dedicated responsible units: Test Lab of Erdos Agricultural Center, a 

national public institution for agricultural extension and research, 

responsible mainly for: analysis and detection of soil, fertilizer, irrigation 

water and plant sample, and the promotion of soil fertilizers and farmland 

water-saving technologies.   

(II) Personnel structure of the project team  

1. Technical director: Tuo Debao, former chief of the Solid Manure 

Station of Inner Mongolia Agricultural Research Institute and research 

fellow. His responsibilities include: the compilation of technical proposal 

and its revision during the implementation; compilation of project report; 
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analysis of the test data; submission of assay samples to the related 

departments of Inner Mongolia Autonomous Region and data processing.   

2. Responsible person: Liu Zhong, director of the Test Lab of Erdos 

Agricultural Center, deputy chief of Erdos Solid Manure Station and 

research fellow. He is responsible for the entire monographic study. His 

responsibilities include: the compilation of experimental study proposal 

and its revision during the implementation; compilation of experimental 

study report; analysis of the test data; study on composting methods, field 

test of composting output and urine, and assaying of local assay samples 

and data processing; coordination with other project participants and 

management of the research fund.   

3. Project participant: Su Huaifen, agronomist of Erdos Dongsheng 

Agriculture & Animal Husbandry Bureau, responsible mainly for the 

study on composting methods and urine & grey water related field test 

and pot culture test.   

4. Project participant: Zhao Jie, assistant agronomist of the Test Lab of 

Erdos Dongsheng Agricultural Extension Center, responsible mainly for 

the field application test of composting output and urine on greenhouse 

vegetables.   

5. Project participant: Gao Rui, assistant agronomist of the Test Lab of 

Erdos Dongsheng Agricultural Extension Center, responsible mainly for 

the field application test of composting output and urine.   



 21

 

IV. Schedule arrangement  

1. Study on composting methods  

The composting yard will be put into operation upon the completion of 

construction (autumn of 2007). The final experiment report for the year 

will be submitted before the November of each year.   

2. Field application test of composting output and urine.   

Since the local district only allows one cropping per year, this study can 

only be implemented in the spring of 2007 and be completed in the 

autumn of 2007. The final experiment report for the year will be 

submitted before the November of each year.   

3. Field application test of composting output and urine on greenhouse 

vegetables  

This study will be implemented in the spring of 2007 and be completed in 

the autumn of 2007. The final experiment report will be submitted during 

August and November.   

4. Evaluation of the impact of long-term application of urine as fertilizer 

on the soil and the study on the corresponding solutions  

Three-year data will be needed to initiate the evaluation and solution 

study. Therefore, the preliminary research output can only be obtained in 

the autumn of 2008. The experimental data will be submitted in 

November of each year.   
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5. Field application test of grey water on greenhouse vegetables  

The study will be completed in the autumn of 2007 and the final 

experiment report will be submitted in November.   

V. Appropriation budget  

About RMB 193,100 will be needed. Details are given below:   

1. Assaying expenses: RMB 43,600  

1) 30 micro-organism indicator tests, RMB 280 for each test, totally 

RMB 8,400;   

2) 300 composting output and urine nutrient, physical and chemical 

indicator tests, RMB 35 for each test, totally RMB 10,500;   

3) 60 grey water physical and chemical indicator tests, RMB 20 for each 

test, totally RMB 1,200;   

4) 480 soil nutrient and physical and chemical indicator tests, RMB 25 

for each test, totally RMB 12,000;   

5) 25 farm crop quality tests, RMB 300 for each test, totally RMB 7,500;   

6) 1 composting output test and 1 urine test to be done by the related 

department of Inner Mongolia, totally RMB 2,000;   

7) Sample assaying fee: RMB 2,000.   

2. RMB 23,200 for test instruments and supplies  

1) RMB 6,800 for urine quality rapid test device;   

2) 2 hygrothermographs, RMB 100 for each, totally RMB 200;   

3) RMB 3,000 for water pumping and conveying devices;   
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4) RMB 1,000 for other test equipments;   

6) RMB 3,000 for test facilities;   

7) RMB 1,000 for urine application and storage device;   

8) RMB 2,200 for consumable materials used in experimental study;   

3. RMB 46,000 for travel expenses  

1) RMB 4,000 for the transportation of composting output, urine and grey 

water required for the test;   

2) Travel expenses (food allowance and accommodation): five persons, 

80 days, RMB 80/day/person, totally RMB 32,000;   

3) Traffic allowance (gasoline and travel ticket): about RMB 10,000.   

4. Test allowance: RMB 1,500 * 18 = RMB 27,000  

5. Test damage compensation: about RMB 30,000  

6. Expert consultation fee of RMB 10,000;   

7. Technical data reconditioning fee: about RMB 5,000  

8. RMB 5,000 for office expenses  

9. RMB 5,000 for unexpected expenses  

VI. Expected research outputs  

1. Experimental data and phasic technical summary  

2. Feasibility study report on the agricultural recycling of compost  

(This plan is drafted by Liu Zhong)  

January 21, 2007  
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Annex 1  

Summary report on the field application test of 

composting output on potato (2007)  

I. Test objective  

Our fundamental purpose is to find out the optimum dosage and yield 

increasing effect of composting output on potato, and lay the foundation 

for the commercial production of municipal compost.   

II. Test design  

Potato is a fertilizer-liking crop plant being very responsive to organic 

fertilizer. The experiment uses a single factor and five levels, namely: 1) 

applying 30000 kg composting output per hectare; 2) applying 60000 kg 

composting output per hectare; 3) applying 90000 kg composting output 

per hectare; 4) applying 22500 kg farmyard manure and 1500 kg 

ammonium bicarbonate in line with peasants' fertilizing habit; 5) blank 

area (without fertilization). Repeated for three times.   

III. Test arrangement  

The test was conducted on the test base of Tela Nursery Solid Manure 

Station of Bojianghai Town, Dongsheng District, Erdos City. With 

altitude reaching 1380 meters, this land is on a diluvial and lacustrine 

plain. With chestnut soil being the typical soil type and thick soil mass, 

the upper soil layer is composed of sandy loamy soil providing moderate 

or lower fertility level. The soil organic matter, total nitrogen, available 

nitrogen, available phosphorus, available potassium and pH value reach 
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9.12g/kg, 0.576g/kg, 19mg/kg, 6.2mg/kg, 114mg/kg and 8.1 respectively. 

The previous crop is clove. The potato variety is Kexin #1, while the 

fertilization method adopted basal application, namely, the fertilizer will 

be applied when the potato seed is planted. The plot area reached 33m2 

(6.6 * 5m), and in order to reduce production loss, a blank area of 10m2 

(2 * 5m) was left. The dibbling seeding approach was adopted, with 

distance between plants reaching 40cm and distance between rows 

reaching 50cm. The theoretical number of plants will reach 50,000 per 

hectare.   

The test field arrangement is detailed below:   

 

Schematic diagram of the field application test of composting output on 

potato (2007)  
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IV. Records of growth duration and farming activities  

1. Growth duration  
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Seeding: May 15, 2007; emergence: May 29; pseudo-axis branching: July 

1; budding: July 12; blooming: August 8, and the tuber began to expand; 

harvesting: October 3.   

2. Farming activities  

Seeding: May 15; secondary weeding and earth backing: June 14 and July 

6; secondary watering: July 9 and September 5 (about 50 cubic meters per 

mu).   

3. Field investigation  

Field investigation was carried out on August 31. Observationally, the 

entire potato field showed the symptom of late blight. The better the 

growth was, the severer the damage would be. The fundamental number 

of plants reached 46,800 per hectare (field emergence rate reaching 

93.6%).   

V. Statistical analysis of yield results  

The yield related factors are indicated in Table 2, and the yield statistics 

are given in Table 3. The relation between yield and fertilizer application 

is indicated in the attached figures.   

Since the fertilizer application rate was not saturated, the statistics is 

taken using the quadratic regression method.   

The fertilizer effect function is:   

f=13243.78+3.477m-0.000263 ㎡ 

Fitting degree R=0.99996 
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The result shows that the experiment was successful and highly reliable.   

VI. Conclusion  

According to the statistics of yield analysis, under the current soil 

productivity and yield level, the yield increasing effect of organic 

fertilizer is tremendous, especially for such fertilizer-liking crops as 

potato. The yield has increased by 78.16%, 60.71% and 20.23% per 

hectare after applying 9000 kg, 6000 kg and 3000 kg organic fertilizer 

respectively when compared with the yield obtained without fertilization, 

but decreased by 74.1% after applying 9000 kg organic fertilizer when 

compared with the reference yield.   

VII. Notes  

1. The low ground temperature of experimental field at the preliminary 

stage and the concluding stage in 2007 has resulted in relatively lagged 

growth duration.   

2. The rainfall precipitation totaled 244mm from April 1 to September 30, 

indicating a moderately droughty year, especially in September. However, 

the growth vigour of potato was generally satisfactory.   

                      
Table 1: Growth duration record table for the field application test of composting 
output on potato (2007)  

Date 

Treatment 

Seedin

g 

Emer

gence 

Branc

hing 

Buddi

ng 

Bloo

ming 

Withe

ring 

Harvestin

g 

30000 kg/hm2 5.15 5.29 7.1 7.12 8.8 9.20 10.3 
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60000 kg/hm2 5.15 5.29 7.1 7.12 8.8 9.20 10.3 

90000 kg/hm2 5.15 5.29 7.1 7.12 8.8 9.20 10.3 

ck 5.15 5.29 7.1 7.12 8.8 9.20 10.3 

Blank 5.15 5.29 7.3 7.16 8.12 9.10 10.3 

 
Table 2: Yield survey table for the field application test of composting output on 
potato (2007)   

Item 
 

Treatment 

Plant height 
(cm) 

Number of 
tubers of a 
single plant 

Yield of 
individual 
plant (kg) 

 
Kg/hm2 

30000 kg/hm2 48．8 2.4 0.35 16537.5 
60000 kg/hm2 50．7 2.5 0.42 19845.0 
90000 kg/hm2 51．3 2.4 0.48 22680.0 

ck 55．9 2.7 0.49 23152.5 
30000 kg/hm2 50．7 2.3 0.34 16065.0 
60000 kg/hm2 52．4 2.4 0.49 23152.5 
90000kg/hm2 52.9 2.5 0.53 24042.5 

ck 53.2. 2.6 0.56 24460.0 
30000kg/hm2 50.7 2.4 0.32 15120.0 
60000kg/hm2 51.9 2.4 0.44 20790.0 
90000kg/hm2 52.8 2.5 0.55 23987.5 

ck 53.4 2.5 0.55 24987.5 
Blank 42.7 2.5 0.28 13230.0 

 

Table 3: Yield statistics table for the field application test of composting 

output on potato (2007)   
Grou

p 
Treatment 

� � � ∑ X 

15000 16537.5 16065.0 15120.0 47722.5 15907.5 
30000 19845.0 23152.5 20790.0 63787.0 21262.3 
45000 22680.0 25042.5 25987.5 73710.0 23570.0 
ck 23152.5 24460.0 25987.5 75600.0 24533.0 
Blank 13230.0 13230.0 13230.0 39690.0 13230.0 
∑ 95445.0 103950.0 101115.0   
X 1908 20790.0 20223.0   

Regression statistics   
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Quadric 
equation in one 

variable  
   

No. N(x) N(x2) Yield 

0 0 0 13230 
1 1500 2250000 17907.5 
2 3000 9000000 21262.3 
3 4500 20250000 23570 

 
SUMMARY 
OUTPUT  

  
Regression statistics  

Multiple R 0.999968607
R Square 0.999937216
Adjusted R Square 0.999811647
Standard deviation  61.62603346
Observed value  4
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b0 b1 b2 
Discriminant 

(b2<0=1, 
otherwise=0) 

px(fertilizer 
price) 

py(product 
price) 

R 
x(application 

rate) 
Increase in 

yield 
Fertilizer 

cost 
Profit from 
fertilization 

Profit per 
mu  

Yield  

13243.78 3.476553333 -0.000263311 1 0.2 0.5 1.00 5082.492 10867.774 1016.498439 4417.39 11039.2788 24111.5545 
13243.78 3.476553333 -0.000263311 1 0.2 0.5 0.50 5462.271 11133.62 1092.454216 4474.36 11096.2456 24377.3997 
13243.78 3.476553333 -0.000263311 1 0.2 0.5 0.40 5538.227 11177.674 1107.645371 4481.19 11103.0816 24421.454 
13243.78 3.476553333 -0.000263311 1 0.2 0.5 0.30 5614.183 11218.69 1122.836526 4486.51 11108.3986 24462.4702 
13243.78 3.476553333 -0.000263311 1 0.2 0.5 0.20 5690.138 11256.668 1138.027682 4490.31 11112.1963 24500.448 
13243.78 3.476553333 -0.000263311 1 0.2 0.5 0.00 5842.05 11323.509 1168.409992 4493.34 11115.2346 24567.2891 
13243.78 3.476553333 -0.000263311 1 0.2 0.5 -1.00 6601.608 11475.421 1320.321546 4417.39 11039.2788 24719.2007 

             

 

R x(application 
rate) 

Increase 
in yield 

Fertilizer 
cost 

Profit from 
fertilization

Profit per 
mu  Yield 

1.00  5082.49 10867.7 1016.49843 4417.3 11039.278 24111.554 
0.50  5462.27 11133.6 1092.45421 4474.3 11096.245 24377.399 
0.40  5538.22 11177.6 1107.64537 4481.1 11103.081 24421.454 
0.30  5614.18 11218.6 1122.83652 4486.5 11108.398 24462.470 
0.20  5690.13 11256.6 1138.02768 4490.3 11112.196 24500.448 
0.00  5842.05 11323.5 1168.40999 4493.3 11115.234 24567.289 
-1.00  6601.60 11475.4 1320.32154 4417.3 11039.278 24719.2007
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Variance 
analysis          

  df SS MS F Significance F    
Regression 
analysis  2 60485331.76 30242665.88 7963.27366 0.007923655    

Residual  1 3797.768 3797.768      
Total 3 60489129.53          
         

  Coefficients Standard 
deviation  t Stat P-value Lower 95% Upper 

95% 
Lower 
95.0% 

Upper 
95.0% 

Intercept 13243.78 60.06562744 220.4884984 0.002887295 12480.57384 14007 12480.57 14006.986 
X Variable 1 3.476553333 0.064306667 54.06209828 0.011774371 2.659459661 4.29365 2.65946 4.293647 
X Variable 2 -0.00026331 1.36947E-05 -19.22726376 0.033080458 -0.000437318 -9E-05 -0.00044 -8.93E-05 
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Liu Zhong, Test Lab of Erdos Agricultural Center  

       November 25, 2007  
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Annex 2 

Summary report on the field application test of 

composting output and urine on corn  

I. Test objective  

This test is aimed to find out the optimum dosage, application method 

and yield increasing effect of composting output and urine on corn, as 

well as its fertility betterment effect on soil.   

II. Test design & arrangement  

1. Test design  

The experiment adopts split plot design with two factors and four levels. 

The main-plot treatments are featured by: 0) applying no fertilizer; 1) 

applying 30000 kg composting output per hectare; 2) applying 45000 kg 

composting output per hectare; 3) applying 60000 kg composting output 

per hectare; the subplot treatments are featured by: a) applying no urine; b) 

applying 9000 kg urine per hectare; c) applying 18000 kg urine per 

hectare; d) applying 27000 kg urine per hectare; No repetition is required.   

2. Test arrangement  

The test was conducted on the water-saving agricultural demonstration 

base of Bojianghai Town Solid Manure Station of Dongsheng District. 

The level land offers unified fertility. The soil organic matter, total 

nitrogen, available nitrogen, available phosphorus, available potassium 

and pH value reach 11.42g/kg, 0.716g/kg, 32mg/kg, 9.2mg/kg, 134mg/kg 

and 8.1 respectively. The previous crop is corn irrigated using the 
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under-film drip irrigation technology. In order to allow easier irrigation, a 

land area of 1000m2 was selected as the test field. Method of fertilization: 

1) basal application for the composting output, namely, the fertilizer is 

applied during the plowing of corn field; 2) top dressing for urine, namely, 

the urine will be applied in three times along with watering during the 

elongation stage, booting stage and grain filling stage. The main-plot area 

reached 200m2 (5*40m), and the sub-plot area reached 50m2 (5 * 10m). A 

15 m2 blank area is provided to measure the productivity of the soil. The 

soil type is meadow chestnut soil (sandy loam), with soil layer exceeding 

1 meter. The corn variety is Zhedan #7 to be seeded through mechanical 

sowing, with distance between plants reaching 30cm and distance 

between major rows and minor rows reaching 75cm and 32cm 

respectively. The theoretical number of plants will reach 62,310 per 

hectare.   

The test field arrangement is detailed below:   

Schematic diagram of the field application test of composting output and 

urine on corn (2007)   

0a 

(Blank) 

0b 0c 0d Ck 

1a 

 

1b 1c 1d Ck 

2a 2b 2c 2d Ck 
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3a 

 

3b 3c 3d ck 

 

III. Farming activities and growth duration  

Seeding: May 3; final seedling & weeding: June 7; weeding: June 29. 

There are major rows and minor rows, with distance between major and 

minor rows reaching 70cm and 37cm respectively, totally 4150 plants per 

mu. Top dressing and watering was conducted twice on July 23 and 

August 4 respectively. Harvesting (yield survey) was conducted on 

September 30. See Table 1 for details.   

Field investigation was carried out on August 30. Observationally, the 

entire corn field showed no symptom of insect damage. The fundamental 

number of plants reached 60,000 per hectare (field emergence rate 

reaching 94%).   

IV. Test result analysis  

1. The yield survey and test result are shown in Table 2. The yield 

statistics are shown in Table 3.   

2. The fertilizer effect quadratic function is used to take statistics. 

According to the yield survey result, the quadratic curve function is 

basically complied. The mathematical model is:   

y=5991.25+0.186m+0.066n-3.44*10-6m2+4.44*10-6n2+7.21*10-7mn 
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Fitting degree R=0.9886,R2=0.9774。 

(for the purpose of this formula: y = yield, m = dosage of organic 

fertilizer, n = dosage of urine)  

If the prices of corn, organic fertilizer and urine are RMB 1.30, RMB 

0.15 and RMB 0.15 respectively per kg, then the optimum application 

rate shall be: 10886.21 kg organic fertilizer and 5564.86 kg urine, which 

will help obtain 8160.3 kg top-profit yield under such application rate.   

V. Conclusion  

1. The composting output and urine show apparent yield-increasing effect 

on the corn. As long as the application rate is reasonable, there won't be 

any side effect on the soil and agricultural product. Along with the growth 

in the living standard and improvement in environmental considerations, 

the application prospects will become better.   

VI. Notes  

1. The low ground temperature of experimental field at the preliminary 

stage in 2007 has resulted in relatively lagged growth duration.   

2. The rainfall precipitation totaled 244mm from April 1 to September 30, 

indicating a moderately droughty year. There is no damage caused by 

hailstorm or insects. The plant growth was generally satisfactory.   

 

Liu Zhong, Erdos Solid Manure Station  

       November 2, 2007  
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Table 1: Growth duration record table for the field application test of 

composting output and urine on corn  

Tr
ea

tm
en

t 

Se
ed
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Em
er
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nc
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El
on

ga
tio
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Ta
ss

el
in
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M
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in
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H
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st

in
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To
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dr
es

si
ng

 

To
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dr
es
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ng

 

W
at

er
in

g 

W
at

er
in
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0a 3/5 9/5 22/7 8/8 24/9 30/9 23/7 4/8 24/7 4/8 

0b 3/5 9/5 22/7 8/8 26/9 30/9 23/7 4/8 24/7 4/8 

0c 3/5 9/5 22/7 8/8 29/9 30/9 23/7 4/8 24/7 4/8 

0d 3/5 9/5 22/7 8/8 29/9 30/9 23/7 4/8 24/7 4/8 

1a 3/5 9/5 22/7 8/8 27/9 30/9 23/7 4/8 24/7 4/8 

1b 3/5 9/5 22/7 8/8 27/9 30/9 23/7 4/8 24/7 4/8 

1c 3/5 9/5 22/7 8/8 27/9 30/9 23/7 4/8 24/7 4/8 

1d 3/5 9/5 22/7 8/8 26/9 30/9 23/7 4/8 24/7 4/8 

2a 3/5 9/5 22/7 8/8 27/9 30/9 23/7 4/8 24/7 4/8 

2b 3/5 9/5 22/7 8/8 27/9 30/9 23/7 4/8 24/7 4/8 

2c 3/5 9/5 22/7 8/8 28/9 30/9 23/7 4/8 24/7 4/8 

2d 3/5 9/5 22/7 8/8 28/9 30/9 23/7 4/8 24/7 4/8 

3a 3/5 9/5 22/7 8/8 28/9 30/9 23/7 4/8 24/7 4/8 

3b 3/5 9/5 22/7 8/8 29/9 30/9 23/7 4/8 24/7 4/8 

3c 3/5 9/5 22/7 8/8 30/9 30/9 23/7 4/8 24/7 4/8 
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3d 3/5 9/5 22/7 8/8 24/9 30/9 23/7 4/8 24/7 4/8 
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0a 212 18.1 90 516 77.3 25.0 54.6 5460 

0b 243 21.4 96 642 110.5 27.0 66.3 6630 

0c 248 22.7 98 648 110.0 28.2 66.0 6600 

0d 250 22.8 97 643 124.7 28.5 74.8 7480 

1a 262 21.9 100 698 122.3 28.4 73.4 7340 

1b 267 22.9 103 648 132.0 29.3 79.2 7920 

1c 273 23.7 107 664 139.2 31.1 83.5 8350 

1d 278 24.9 110 602 149.2 31.9 89.5 8950 

2a 269 24.0 103 648 131.8 28.9 79.1 7910 

2b 277 25.3 103 648 139.5 31.9 83.7 8370 

2c 277 25.3 107 694 148.2 31.0 88.9 8890 

2d 285 25.0 102 643 156.8 34.0 94.1 9410 

3a 273 23.7 110 640 140.0 29.0 84.0 8400 

3b 278 23.8 110 668 155.2 33.2 93.1 9310 
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3c 288 23.6 112 666 161.2 34.2 96.7 9670 

3d 302 23.7 103 609 166.5 34.7 99.9 9990 

  

Table 3: Yield statistics table for the field application test of composting 

output and urine on corn  

  Sub-plot 

Main-plot 

a b c d X ∑ 

0 5460 6630 6660 7480 6682 26230 

1 7340 7950 8350 8950. 8148 32590 

2 7910 8370 8890 9410 8645 34580 

3 8400 9310 9670 9990 9342 37370 

X 7402 8064 8393 8958 8208  

∑ 29210 32260 33570 35830  130870 
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Table 4 Regression statistics 

Quadric 
equation in 

two 
variables 

 

Statistics of 
the 

application 
test of 

compost and 
urine on corn 

in 2006  

  Table 4  

No. N(x1) P(x2) x1
2 x2

2 x1x2 Yield 

1 0 0 0 0 0 5960 
2 0 6000 0 36000000 0 6630 
3 0 9000 0 81000000 0 6600 
4 0 12000 0 144000000 0 7480 
5 7500 0 56250000 0 0 7340 
6 7500 6000 56250000 36000000 45000000 7920 
7 7500 9000 56250000 81000000 67500000 8350 
8 7500 12000 56250000 144000000 90000000 8950 
9 15000 0 225000000 0 0 7910 

10 15000 6000 225000000 36000000 90000000 8370 
11 15000 9000 225000000 81000000 135000000 8890 
12 15000 12000 225000000 144000000 180000000 9410 
13 22500 0 506250000 0 0 8400 
14 22500 6000 506250000 36000000 135000000 9310 
15 22500 9000 506250000 81000000 202500000 9670 
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16 22500 12000 506250000 144000000 270000000 9990 
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Table 5         
         

Regression statistics        
Multiple R 0.98864593        
R Square 0.97742077        
Adjusted R 
Square 0.96613115        

Standard 
deviation 215.952643        

Observed 
value 16        

         
Variance 
analysis         

  df SS MS F Significance F    
Regression 
analysis 5 20187819.6 4037564 86.57697 6.69E-08    

Residual 10 466355.442 46635.54      
Total 15 20654175          
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  Coefficients Standard 
deviation t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 

Intercept 5991.2487 178.48253 33.5677 1.3E-11 5593.565 6388.932559 5593.564844 6388.932559 
X Variable 1 0.18636476 0.02457123 7.584674 1.87E-05 0.131617 0.241112869 0.131616655 0.241112869 
X Variable 2 0.06618117 0.04413169 1.499629 0.164602 -0.03215 0.164512699 -0.032150362 0.164512699 
X Variable 3 -3.444E-06 9.5979E-07 -3.58875 0.004939 -5.6E-06 -1.3059E-06 -5.58299E-06 -1.3059E-06 
X Variable 4 4.4066E-06 3.3837E-06 1.302287 0.222013 -3.1E-06 1.1946E-05 -3.13282E-06 1.1946E-05 
X Variable 5 7.2127E-07 1.4511E-06 0.497062 0.629891 -2.5E-06 3.95444E-06 -2.51191E-06 3.95444E-06 
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Soil moisture content of the test field  
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Growth at the seedling stage 
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Growth at the seedling stage  
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Growth at the blooming stage    
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Annex 3 

Summary report on the evaluation of the impact of 

long-term application of urine as fertilizer on the soil 

and the study on the corresponding solutions  

(Summary of the fixed-site monitoring of urine experiment - 2007)  

1. Test objective  

The urine contains not only the nutritive elements needed by the plant, 

but also a given amount of the inorganic salt of sodium chloride. Whether 

the long-term application of urine can affect the production performance 

of soil will take long-time fixed-location experiment and observation to 

make the correct conclusion. The corn can be selected as the experiment 

subject, and the variety can use the locally popularized variety, such as 

Zhedang #7.   

2. Test design  

The experiment has a single factor and three levels: 1) applying 9000 kg 

urine per hectare; 2) applying 18000 kg urine per hectare; 3) applying no 

fertilizer; repeated for three times.   

3. Fundamental state of the test field  

The water-saving agricultural demonstration base of Bojianghai Town 

Solid Manure Station provides level lands with unified fertility. The soil 

organic matter, total nitrogen, available nitrogen, available phosphorus, 

available potassium and pH value reach 11.42g/kg, 0.716g/kg, 32mg/kg, 

9.2mg/kg, 134mg/kg and 8.1 respectively. The previous crop is corn 
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irrigated using the under-film drip irrigation technology. In order to allow 

easier irrigation, a land area of 266m2 was selected as the test field.   

4. Method of fertilization: 1) basal application for the composting output, 

namely, the fertilizer is applied during the plowing of corn field; 2) top 

dressing for urine, namely, the urine will be applied in three times along 

with watering during the elongation stage, booting stage and grain filling 

stage. The soil type is meadow chestnut soil (sandy loam), with soil layer 

exceeding 1 meter. The corn variety is Zhedan #7 to be seeded through 

mechanical sowing, with distance between plants reaching 30cm and 

distance between major rows and minor rows reaching 75cm and 32cm 

respectively. The theoretical number of plants will reach 62,310 per 

hectare. Seeding: May 5; Emergence: May 11; elongation: June 18; 

blooming: July 16; maturing: September 27; harvesting: October 1.   

Schematic diagram of field arrangement  

� � � 

� � � 

ck ck ck 

5. Field investigation items:   

The field investigation was conducted on August 30. There is no 

symptom of insect damage. The field emergence rate reached 94%, and 

the plant number hit 58,400 per hectare, showing good growth vigour.   

6. Impacts on soil  
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According to the laboratory report obtained in the spring and autumn of 

2006 and in the autumn of 2007, the current fertilization (urine) level 

won't cause any harm like secondary salinization to the soil. The 

statistical analysis results are shown below:    

Year 2006 

Spring 

2006 

Autumn

2006 

Autumn

2006 

Autumn

2007 

Autumn 

2007 

Autumn 

2007 

Autumn

Treatment Composite CK � � CK � � 

Organic 

matter g/kg 

11.42 11.41 11.41 11.42 11.41 11.41 11.42 

Total 

nitrogen 

g/kg 

0.716 0.715 0.716 0.717 0.715 0.716 0.718 

Available 

phosphorus 

mg/kg 

9.2 9.0 9.0 9.1 9.0 9.0 9.1 

Available 

potassium 

mg/kg 

134 132 132 124 132 133 134 

PH 8,1 8.1 8.1 8.1 8.1 8.1 8.1 

Co3
2-mg/kg 11.37 11.37 11.37 11.36 11.37 11.37 11.38 

Hco3
-mg/kg 10.23 10.23 10.23 10.21 10.23 10.23 10.22 

cl-mg/kg 19.42 19.41 19.42 19.43 19.42 19.42 19.43 
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So4
2-mg/kg 38.22 38.22 38.22 38.21 38.22 38.22 38.20 

Na+mg/kg 19.41 19.41 19.41 19.41 19.41 19.41 19.41 

Ca2+mg/kg 17.02 17.02 17.02 17.03 17.00 17.03 17.04 

K+mg/kg 44.10 44.10 44.10 44.12 44.07 44.10 44.13 

Mg+mg/kg 5.28 5.26 5.28 5.29 5.27 5.28 5.30 

7. Yield analysis  

The yield results are shown below:   

Treatment 1 2 3 Average 

CK 4943.7 4874.4 4892.4 4903.5 

� 6890.2 6829.9 6815.8 6845.3 

� 7519.8 7812.5 7745.2 7692.7 

Quadric 

equation in 

one variable 

   

No. N(x) N(x2) Yield 

0 0 0 4903.5 

1 9000 81000000 6845.3 

2 18000 324000000 7692.7 
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b0 b1 b2 

Discriminant 

(b2<0=1, 

otherwise=0) 

Px 

(fertilizer 

price) 

Py 

(Product 

price) 

R 

4903.5 0.276555556 -6.75556E-06 1 0.15 1.2 1.00  

4903.5 0.276555556 -6.75556E-06 1 0.15 1.2 0.50  

4903.5 0.276555556 -6.75556E-06 1 0.15 1.2 0.40  

4903.5 0.276555556 -6.75556E-06 1 0.15 1.2 0.30  

4903.5 0.276555556 -6.75556E-06 1 0.15 1.2 0.20  

4903.5 0.276555556 -6.75556E-06 1 0.15 1.2 0.00  

4903.5 0.276555556 -6.75556E-06 1 0.15 1.2 -1.00 

 

R 
x (application 

rate) 

Increase 

in yield 

Fertilizer 

cost 

Profit from 

fertilization

Profit per 

mu 
Yield 
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1.00  1965.460526 517.4621 294.81908 326.135 6210.3354 5420.9621

0.50  6591.282895 1529.361 988.69243 846.54 6730.7404 6432.8607

0.40  7516.447368 1697.047 1127.4671 908.989 6793.189 6600.5468

0.30  8441.611842 1853.168 1266.2418 957.56 6841.7602 6756.6683

0.20  9366.776316 1997.725 1405.0164 992.254 6876.4538 6901.2252

0.00  11217.10526 2252.145 1682.5658 1020.01 6904.2088 7155.6455

-1.00  20468.75 2830.373 3070.3125 326.135 6210.3354 7733.8733

 

SUMMARY 

OUTPUT 
     

      

Regression statistics     

Multiple R 1     
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R Square 1     

Adjusted R 

Square 
65535     

Standard 

deviation 
0     

Observed value 3     

      

Variance 

analysis 
     

  df SS MS F 
Significance 

F 

Regression 

analysis 
2 4089436.88 2044718.4 #NUM! #NUM! 
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Residual 0 0 65535   

Total 2 4089436.88       

      

  Coefficients 
Standard 

deviation 
t Stat P-value Lower 95% 

Intercept 4903.5 0 65535 #NUM! 4903.5

X Variable 1 0.276555556 0 65535 #NUM! 0.276555556

X Variable 2 -6.7556E-06 0 65535 #NUM! -6.7556E-06
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Lower 95% 
Upper 

95% 
Lower 95.0%

Upper 

95.0% 

4903.5 4903.5 4903.5 4903.5

0.276555556 0.276556 0.276555556 0.276556

-6.7556E-06 -6.8E-06 -6.75556E-06 -6.8E-06

 

RESIDUAL OUTPUT  

   

Observed 

value 
Estimate Y Residual 

1 4903.5 9.09495E-13

2 6845.3 0

3 7692.7 -9.09495E-13

 

 

 

 

PROBABILITY 

OUTPUT 

  

Percentage Y 



 62

ranking  

16.6666667 4903.5 

50 6845.3 

83.3333333 7692.7 

 

8. Conclusion  

 According to the yield results, the application of urine can apparently 

increase corn yield. The yield has increased by 39.6% and 56.9% per 

hectare after applying 9000 kg and 18000 kg urine respectively when 

compared with reference yield. The function effect of fertilizer is:   

Y=4903.5+0.276555556N-6.75556E-06N2；R=1, Indicating high-positive 

correlation. If the urine costs RMB 0.15/kg and the corn sells RMB 

1.2/kg, then the yield can reach 7155.6 kg to obtain a maximum profit of 

RMB 6904.2 after applying 11217.1 kg urine per mu (only the fertilizer 

cost is considered).   

Liu Zhong, Test Lab of Erdos Agricultural Center  

December 4, 2007  
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Annex 4 

Summary report of urine components detection 

(2007)  

1. Purpose  

Since the feces and urine are separately stored, the human urine is 

generally free of any harmful infectious microbe, and can be directly used 

in agricultural production as a fertilizer source. However, harmful 

bacteria might be generated during the separation and storage process. 

Meanwhile, some odor absorbers will also be mixed into the urine by 

some households, and biochemical reactions incurred during urine 

storage will generally change urine contents. Therefore, its quality shall 

be monitored before the agricultural application.   

2. Detection and analysis:    

Measurement of micro-organism indicators (including coliform bacteria 

and ascarid egg, to be analyzed by Erdos Epidemic Prevention Station); 

measurement of nutrients (including organic substance, total nitrogen, 

available nitrogen, available phosphorus, and available potassium); 

measurement of the physical and chemical properties (including pH value, 

Na+, chloride ion, heavy metal contents, urine transparency and sediments 

etc).   

3. Detection method  

The micro-organism indicators were measured by Erdos Epidemic 

Prevention Station. Measurement methods: potassium dichromate 
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oxidation-reduction method for organic substance measurement, kjeldahl 

method for total nitrogen measurement, alkaline hydrolysis absorption 

method for available nitrogen measurement, sodium bicarbonate 

lixiviation spectrophotometer method for available phosphorus 

measurement, ammonium acetate lixiviation flame photometer method 

for available potassium measurement, flame photometer method for N+ 

measurement, silver nitrate titration method for Cl- measurement, and 

atomic absorption spectrophotometer method for heavy metal content 

measurement.   

4. Detection results  

The detection started from April 12, 2007 and ended at July 18. 1-18# 

urine storage wells were sampled and 5 lots (8 samples per lot) of urine 

were assayed. The statistical analysis results are shown below:   

Item No. of 

samples

Max. 

value

Min. 

value

Average 

value 

Standard 

deviation 

Death rate of ascarid egg, % 5 100 99.0 99.8 0.04 

Coliform bacteria value  5 0.0 0.005 0.02 0.021 

Total cadmium (Cd),  

mg/kg, ≤ 

40 0.02 0.017 0.018 0.002  

Total mercury (Hg),  

mg/kg, ≤ 

40 0.06 0.04 0.05 0.01 

Total plumbum (Pb),  40 0.08 0.02 0.05 0.029 
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mg/kg, ≤ 

Total chromium (Cr), 

mg/kg, ≤ 

40 1.2 0.8 1.0 0.201 

Organic substances (C)，%，

≥ 

80 2.51 0.76 0.97 0.75 

Total nitrogen (N)，%，≥ 80 0.45 0.14 0.18 0.08 

Total phosphorus 

(P2O5)，%，≥ 

80 0.12 0.06 0.078 0.020 

Total potassium (K2O)，%，

≥ 

80 0.88 0.32 0.47 0.19 

pH 80 9.2 7.8 8.3 0.51 

Sodium ion mg/kg 80 2825 1992 2554 784 

Chloride ion mg/kg 80 3575 2770 3118 808 

Sediment, %  20 0.21 0.08 0.11 0.013 

Light transmittance, %  80 89.2 77.1 80.0 4.2 

According to the detection results, both the micro-organism indicators 

and other pollutants are within the allowable range. Only the nutrient 

indicators fail to reach the design requirements. It is caused by pouring 

water into the urinal by the residents.   

Liu Zhong, Test Lab of Erdos Agricultural Center  

December 20, 2007  
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Annex 5  

Summary report on urine additive experiment of 

ecosan community (2007)  

1. Test objective  

During the process of urine storage, the action of urease and 

micro-organism will decompose urea into ammonium bicarbonate, and 

the pH value will be increased. The ammonium bicarbonate will further 

be decomposed into ammonia gas, CO2 and water, causing nitrogen loss. 

By adding an appropriate amount of ferrous sulfate (black alum) or 

calcium sulfate (gypsum) into the container for storing urine, the nitrogen 

loss can be effectively suppressed. However, excessive calcium and 

ferrous ion will decrease the effectiveness of phosphorus. This 

experiment is conducted in order to figure out the most appropriate 

additive and the best dosage.   

2. Test design  

This experiment has two factors and four levels. Four levels refer to the 

addition of 0kg, 2.5kg, 5kg and 10kg ferrous sulfate and calcium sulfate 

per square meter. No repetition is required.   

3. Test method  

The experiment used a 20kg transparent plastic bucket as the container. 

Each bucket was filled with 10 liter of urine and added with 25g, 50g and 

100g ferrous sulfate respectively and 25g, 50g and 100 calcium sulfate 

respectively. Urine without adding anything was used as the reference 
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sample. The samples were taken from the 2# urine well from April 20, 

and were assayed on May 8.   

4. Test result analysis  

The assay and analysis will mainly involve the measurement of available 

nitrogen, available phosphorus and the physical and chemical properties 

(including pH value, transparency, sediment and etc).   

The analytical results are shown below:   

Treatment Available 

phosphorus

Available 

nitrogen 

transparency sediment PH 

value

 mg/kg Mg/kg % %  

Reference 320.9 788.5 69.2 3.2 8.2 

25 ferrous sulfate  308.3 805.9 70.5 3.8 7.5 

50 ferrous sulfate  300.4 855.1 70.8 4.4 7.2 

100 ferrous sulfate  289.3 985.0 70.4 4.6 6.8 

25 calcium sulfate  278.3 798.2 70.2 6.4 8.0 

50 calcium sulfate  250.1 924.0 69.7 7.6 7.5 

100 calcium sulfate  197.4 1028.0 69.4 9.8 7.0 

5. Conclusion  

According to the analytical results, the mixing of ferrous sulfate can 

effectively help reduce nitrogen loss and produce limited sediments 

owing to its limited available phosphorus fixation effect; the mixing of 

calcium sulfate can also effectively reduce nitrogen loss, but produce 
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more sediment owing to its considerable available phosphorus fixation 

effect.   

6. Notes  

Since the urine was not fresh and mixed with water during the collection, 

and there was no field assaying equipment available, these data cannot be 

used for practical applications. It was estimated that the amount of mixed 

water is about 1-3.5 times of the urine.   

 

Liu Zhong, Test Lab of Erdos Agricultural Center  

December 20, 2007  
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Annex 6 

Summary report on the composting output detection 

(2007)  

1. Purpose  

After innocent composting treatment, the agricultural application of 

human feces and organic kitchen wastes is theoretically safe. However, 

owing to the impact of environmental factors and the fermentation degree, 

they must undergo necessary detection before delivery.   

2. Contents of assay and analysis:   

Measurement of micro-organism indicators (including coliform bacteria 

and ascarid egg); measurement of nutrients (including organic substance, 

total nitrogen, available nitrogen, available phosphorus, available 

potassium and carbon-nitrogen ratio); measurement of the physical and 

chemical properties (including pH value, heavy metal contents, etc).   

3. Detection method  

The micro-organism indicators were measured by Erdos Epidemic 

Prevention Station. Measurement methods: potassium dichromate 

oxidation-reduction method for organic substance measurement, kjeldahl 

method for total nitrogen measurement, alkaline hydrolysis absorption 

method for available nitrogen measurement, sodium bicarbonate 

lixiviation spectrophotometer method for available phosphorus 

measurement, ammonium acetate lixiviation flame photometer method 

for available potassium measurement, and atomic absorption 
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spectrophotometer method for heavy metal content measurement.   

The detection started from April 20, 2007 and ended at November 18. 

The compost in the open was sampled and 5 samples were assayed (5 

lots). The statistical analysis results are shown below:   

Item No. of 

samples

Max. 

value

Min. 

value

Average 

value 

Standard 

deviation

Death rate of ascarid egg, % 4 100 98 99.4 0.34 

Coliform bacteria value 4 0.07 0.015 0.024 0.041 

Total cadmium (Cd), mg/kg, 

≤ 

5 0.79 0.37 0.54 0.28 

Total mercury (Hg), mg/kg, 

≤ 

5 0.76 0.72 0.74 0.02 

Total plumbum (Pb), mg/kg, 

≤ 

5 24.8 18.4 19.8 2.28 

Total chromium (Cr), 

mg/kg, ≤ 

5 31.2 29.8 30 6 1.04 

Total arsenic (As), mg/kg, ≤ - - - - - 

Organic substances (C), %，

≥ 

5 14.8 11.6 13.2 1.22 

Total nitrogen (N), %, ≥ 5 0.55 0.34 0.46 0.14 

Total phosphorus 

(P2O5)， %, ≥ 

5 0.31 0.22 0.27 0.04 



 73

Total potassium (K2O), %,≥ 5 1.58 1.22 1.37 0.20 

pH 5 7.6 6.8 7.1 0.31 

Moisture content，% 5 39.9 33.4 36.9 2.96 

According to the detection results, both the micro-organism indicators 

and other pollutants are within the allowable range. Only the nutrient 

indicators fail to reach the design requirements. It is caused by adding 

excessive sawdust by the residents.   

 

Liu Zhong, Test Lab of Erdos Agricultural Center  

December 22, 2007  
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Annex 7  
Control standards for urban wastes for agricultural 

use (GB8172-87)  

Put into effect as of Nov 6, 1987  

This standard shall apply to decayed urban domestic wastes and products 

from urban compost plants for agricultural use, with which industrial 

wastes and other wastes are not permitted to mix. This standard includes 

15 indicators, such as impurities, granularity, death rate of ascarid egg, 

coliform level, total cadmium, total hydrargyrum, total plumbum, total 

chromium, and total arsenic. The wastes and products shall be applied for 

agricultural use when all of the first nine indicators are qualified, but 

exceptions can be made when any one of the last six indicators (organic 

materials, total nitrogen, total phosphor, total kalium, pH value, and 

moisture) fails to meet the stipulated standards (but cannot be lower than 

the average value of wastes permitted by the People's Republic of China). 

The standard also stipulates a number of issues regarding its 

implementation.   

 

(Issued by Ministry of Environmental Protection on October 5, 1987 and 

put into effect as of February 1, 1988)   

These standards are promulgated in accordance with the "Law on 
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Environmental Protection of the People's Republic of China (for trial 

implementation)" for the purpose of avoiding the pollutions of urban 

wastes for agricultural use on the soil, farm crops and water system, 

protecting the agricultural and ecological environment and ensuring the 

normal growth of farm crops.   

This standard shall apply to decayed urban domestic wastes and products 

from urban compost plants for agricultural use, with which industrial 

wastes and other wastes are not permitted to mix.   

1. Standard values  

1.1 The agricultural use of urban wastes shall comply with the following 

standards:   

Standard values for urban wastes for agricultural use  

No. Item Standard limit1) 

1 Impurities2)，%≤ 3 

2 Granularity, mm, ≤ 12 

3 Death rate of ascarid egg,% 95~100 

4 Coliform level 10－1－10－2 

5 Total cadmium (Cd), mg/kg, ≤ 3 
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6 Total hydrargyrum (Hg), mg/kg, ≤ 5 

7 Total plumbum (Pb), mg/kg, ≤ 100 

8 Total chromium (Cr), mg/kg, ≤ 300 

9 Total arsenic (As), mg/kg, ≤ 30 

10 Organic substance (C), %, ≥ 10 

11 Total nitrogen (N)，%，≥ 0.5 

12 Total phosphor (P2O5)，%，≥ 0.3 

13 Total kalium (K2O)，%，≥ 1.0 

14 pH 6.5-8.5 

15 Moisture content，% 25-35 

Note: 1) Except for Item 2, 3 and 4, all other items are calculated on dry 

basis.    

2) Impurities refer to plastic, glass, metal, rubber and etc.    

2. Other requirements  

2.1 The urban waste can only be applied on the farmland after item 1 

through item 9 are qualified, but exceptions can be made when any one 

of item 10-15 fails to meet the stipulated standards (but cannot be lower 

than the average value of wastes permitted by the People's Republic of 

China, namely: organic substance ≥ 8%, total nitrogen ≥ 0.4%, total 
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phosphorus ≥ 0.2%, total kalium ≥ 0.8%, pH value within 9-6, moisture 

content ≤ 40%).   

2.2 The application of qualified wastes on the farmland per mu per year 

must not exceed 4T for sticky soil and 3T for cohesionless soil. It is 

highly suggested that such wastes be used on flower, grassland, garden, 

new vegetable plot and clayey land. Such wastes must not be used on 

gravel soil (with particle size greater than 1mm), old vegetable plot and 

paddy field.   

2.3 The amount of wastes with item 1-9 approximating these standards 

shall be reduced by half during the application.    

3. Supervision of standard implementation  

3.1 Agricultural, sanitary and environmental departments shall carry out 

long-term fixed-location monitoring on the agricultural use of urban 

wastes on soil and crops. The agricultural department shall establish a 

monitoring station, the sanitary department shall provide qualified urban 

wastes, and the environmental department shall provide effective 

supervision.   

3.2 In case the use of wastes has resulted in soil pollution, water 

pollution or affected crop growth, or the harmful substances contained in 

the agricultural products have exceeded the standard of food sanitation, 
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the use of such wastes must be stopped immediately and reported to the 

related departments.   

3.3 Before the promulgation of the national standard for analytical 

method, the "Method for the monitoring and analysis of the agricultural 

use of urban wastes" can be referred temporarily.   

Remark:   

These standards were proposed by Ministry of Agriculture, Animal 

Husbandry and Fishery of the People's Republic of China  

These standards were drafted by Soil and Fertilizer Institute of Chinese

Academy of Agricultural Sciences.   

These standards are interpreted by Ministry of Environmental Protection. 
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Annex 8 

Summary report on the pot incubation test of spinach 

using grey water and urine (2007)  

I. Test objective  

Our fundamental purpose is to find out the optimum dosage and yield 

increasing effect of composting output on spinach, and lay the foundation 

for the rational utilization of grey water and urine.   

II. Test design  

Spinach is a fertilizer-liking crop plant being very responsive to nitrogen 

nutrients. This experiment is a two-factor compound experiment 

consisting of six treatments, namely: 1) applying 1800m3 water and 

30000 kg urine as the top dressing for each hectare; 2) applying 1800m3 

water and 45000 kg urine as the top dressing for each hectare; 3) applying 

2700m3 water and 30000 kg urine as the top dressing for each hectare; 4) 

applying 2700m3 water and 45000 kg urine as the top dressing for each 

hectare; 5) applying 3600m3 water and 30000 kg urine as the top dressing 

for each hectare; 6) applying 3600m3 water and 45000 kg urine as the top 

dressing for each hectare. A plot applied with 2700m3 water per hectare 

was used as reference. The Japanese broad-leaved spinach was selected 

for this test.   

III. Test arrangement  

The soil texture is featured by sandy loamy soil providing moderate or 

lower fertility level. The soil organic matter, total nitrogen, available 



 80

nitrogen, available phosphorus, available potassium and pH value reach 

9.12g/kg, 0.576g/kg, 19mg/kg, 6.2mg/kg, 114mg/kg and 8.1 respectively. 

Method of fertilization: spraying, applied along with watering in five 

times during the growth duration. Each pot covers 0.08 square meter and 

has 40 plants. The theoretical number of plants can reach 5 million per 

hectare.   

IV. Records of growth duration and farming activities  

1. Growth duration  

Seeding: August 25, 2007; emergence: August 28; harvesting: October 

20.   

2. Farming activities  

Final seedling: September 10; watering and fertilization: September 10, 

September 17, September 24, October 2, October 9 and October 16.   

V. Statistical analysis of yield results  

The yield related factors are indicated in Table 1. The relation between 

yield and fertilizer application is indicated in the attached figures.   

The statistics is taken using the binary quadratic regression method.   

The fertilizer effect function is:    

Y=68750+133.333333w+0.6099537n-0.01968w2-1.98E-05n2--4.6E-05wn 

Fitting degree R=0.9991 

VI. Conclusion  

According to the statistics of yield analysis, under the current soil 
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productivity and yield level, the yield increasing effect of organic 

fertilizer is tremendous, especially for such fertilizer-liking crops as 

spinach. When the watering rate is limited, the water will provide greater 

yield increasing effect; when the watering rate reaches a certain degree, 

the fertilizer will become the key yield-increasing factor.    
 

Table 1: Yield survey table for pot incubation test of spinach using 

grey water and urine (2007)  

Item
 

Treatment 

Plant height (cm) Yield per pot (kg) Theoretical yield 
per hectare Kg/hm2 

� 
20.2 1.12 140000 

� 
22.8 1.38 172500 

� 22.9 1.46 182500 
� 26.0 1.66 207500 

� 26.4 1.49 186250 
� 26.8 1.74 217500 
CK 17.5 0.86 107500 
 
 

Table 2: Statistical table of yield results   

Item 1800 2700 3600 Total Average

0 107500 107500 107500 107500 107500 

30000 140000 182500 186250 508750 169583 

45000 172500 207500 217500 597500 199167 

Total 420000 497500 511250   

Average 140000 165833 170417   
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Table 3                            Table of regression statistics  

Quadric equation 
in two variables        

No. w n x1
2 x2

2 x1x2 Yield 

1 1800 30000 3240000 900000000 54000000 140000 
2 1800 45000 3240000 2.025E+09 81000000 172500 
3 2700 30000 7290000 900000000 81000000 182500 
4 2700 45000 7290000 2.025E+09 121500000 207500 
5 3600 30000 12960000 900000000 108000000 186250 
6 3600 45000 12960000 2.025E+09 162000000 217500 
ck 1800 0 3240000 0 0 107500 

 
b0 b1 b2 b3 b4 b5 4b3b4-b5*b5 

68750 133.333333 0.6099537 -0.01968 1.98E-05 -4.6E-05 -1.56286E-06 
68750 133.333333 0.6099537 -0.01968 1.98E-05 -4.6E-05 -1.56286E-06 
68750 133.333333 0.6099537 -0.01968 1.98E-05 -4.6E-05 -1.56286E-06 
68750 133.333333 0.6099537 -0.01968 1.98E-05 -4.6E-05 -1.56286E-06 
68750 133.333333 0.6099537 -0.01968 1.98E-05 -4.6E-05 -1.56286E-06 
68750 133.333333 0.6099537 -0.01968 1.98E-05 -4.6E-05 -1.56286E-06 
68750 133.333333 0.6099537 -0.01968 1.98E-05 -4.6E-05 -1.56286E-06 
 
 
 

x1 
(application 

rate) 

x2 
(application 

rate) 

Increase in 
yield Fertilizer cost Profit per 

hectare 

3033.68  13375.89  233236.81  8073.73  41272.31  
3125.67  7179.77  228888.49  7328.31  40713.24  
3144.07  5940.55  228167.91  7179.22  40646.15  
3162.47  4701.33  227497.03  7030.14  40593.97  
3180.87  3462.10  226875.84  6881.05  40556.70  
3217.67  983.66  225782.55  6582.88  40526.88  
3401.66  ######### 223297.79  5092.03  41272.31  
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SUMMARY 
OUTPUT        

        
Regression statistics       

Multiple R 0.99910591       
R Square 0.99821263       
Adjusted R Square 0.98927577       
Standard deviation 3969.2831       
Observed value 7       
        
Variance analysis         

  df SS MS F Significance F   
Regression 
analysis  5 8798976935 1.76E+09 111.6961 0.071708   

Residual 1 15755208.3 15755208     
Total 6 8814732143         
        

  Coefficients Standard 
deviation t Stat P-value Lower 95% Upper 95% Lower 95.0% 

Intercept -68750 34375 -2 0.295167 -505526 368025.7877 -505525.7877 
X Variable 1 133.333333 25.526541 5.223322 0.120423 -191.012 457.6787894 -191.0121227 
X Variable 2 0.6099537 0.43193322 1.412148 0.392265 -4.87828 6.098185598 -4.87827819 
X Variable 3 -0.0196759 0.00424383 -4.63636 0.135238 -0.0736 0.034247011 -0.073598863 
X Variable 4 1.983E-05 1.015E-05 1.953765 0.301165 -0.00011 0.000148795 -0.000109135 
X Variable 5 -4.63E-05 0.00029402 -0.15746 0.900575 -0.00378 0.003689594 -0.003782187 
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Liu Zhong, Erdos Solid Manure Station  
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Annex 9 
Summary report on the compost-applied buckwheat 

demonstration field in Daxing Base  

I. Purpose of demonstration  

Our fundamental purpose is to find out the optimum dosage and yield 

increasing effect of composting output on buckwheat, and lay the 

foundation for the commercial production of municipal compost.   

II. Demonstration design  

Buckwheat is a fertilizer-liking crop plant being very responsive to 

organic fertilizer. The demonstration uses a single factor and five levels, 

namely: 1) applying 15000 kg composting output per hectare; 2) applying 

30000 kg composting output per hectare; 3) applying 45000 kg 

composting output per hectare; 4) blank area (without fertilization).   

III. Demonstration arrangement  

The demonstration field is located in the ecological demonstration base in 

Daxing (newly constructed river terrace). With meadow chestnut soil 

being the typical soil type, the upper soil layer is composed of sandy 

loamy soil providing low fertility level. The soil organic matter, total 

nitrogen, available nitrogen, available phosphorus, available potassium 

and pH value reach 3.12g/kg, 0.206g/kg, 8mg/kg, 1.7mg/kg, 82mg/kg and 

8.1 respectively. Fertilization method: basal dressing. The plot area 

reached 130m2, and in order to reduce production loss, a blank area of 

10m2 (2 * 5m) was left. The broad seeding approach was adopted, and the 
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theoretical number of plants will reach 1,800,000 per hectare.   

Schematic diagram of the compost-applied buckwheat demonstration 

field (2007)  
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IV. Records of growth duration and farming activities  

1. Growth duration  

Seeding: June 15, 2007; emergence: June 19; pseudo-axis branching: July 

12; budding: July 30; harvesting: September 1.   

2. Field investigation  

Field investigation was carried out on July 31. Observationally, the 

fundamental number of seedlings reached 1,458,000 per hectare (field 

emergence rate reaching 81.0%).   

V. Yield results  

According to the yield survey conducted on August 31, the yields have 

reached 750 kg, 1140 kg and 1260 kg per hectare after applying 15000 kg, 

30000 kg and 45000 kg compost respectively, while the yield only reach 

330 kg after applying no fertilizer.   

VI. Conclusion  

According to the statistics of yield analysis, under the current soil 

productivity and yield level, the yield increasing effect of organic 

fertilizer is tremendous, especially on such lands with low fertility level. 
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The yield has increased by 930 kg (281%), 810 kg (245%) and 420 kg 

(127%) per hectare after applying 45000 kg, 30000 kg and 15000 kg 

compost respectively when compared with the yield obtained without 

fertilization.   

VII. Notes  

1. The low ground temperature of demonstration field at the preliminary 

stage and the concluding stage in 2007 has resulted in relatively lagged 

growth duration.   

2. The rainfall precipitation totaled 244mm from April 1 to September 30, 

indicating a moderately droughty year, especially in September. However, 

the growth vigour of buckwheat was generally satisfactory.   

3. Since the lands in Daxing Ecological Test Base are newly developed, 

the soil productivity is not even, and therefore accurate statistics cannot 

be obtained.   

                      

Liu Zhong, Erdos Solid Manure Station  

       November 25, 2007  
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Annex 10  

Summary report on the compost-applied sweet corn 

demonstration field in Daxing Base  

I. Test objective  

This test is aimed to verify the yield increasing effect of composting 

output in this region and its application prospect.   

II. Experiment arrangement  

The demonstration field is located in the ecological demonstration base in 

Daxing (newly constructed river terrace). With meadow chestnut soil 

being the typical soil type, the upper soil layer is composed of sandy 

loamy soil providing low fertility level. The soil organic matter, total 

nitrogen, available nitrogen, available phosphorus, available potassium 

and pH value reach 3.12g/kg, 0.206g/kg, 8mg/kg, 1.7mg/kg, 82mg/kg and 

8.1 respectively. Fertilization method: basal dressing. The plot area 

reached 100m2, and in order to reduce production loss, a blank area of 

30m2 (6 * 5m) was left. The dibbling seeding approach was adopted, and 

the theoretical number of seedlings will reach 75,000 per hectare.   

The experiment has three treatments, namely:   

0: No fertilization.   

1. Applying 3000 kg composting output per mu.   

2. Applying 1500 kg composting output per mu.   

The corn variety is Jinxian #2.   

III. Records of growth duration and farming activities  
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1. Growth duration  

Seeding: June 9; harvesting: September 30.   

2. Farming activities  

Seeding: July 9; emergence: July 14; final seedling: July 2; harvesting: 

September 8.   

IV. Statistical analysis of yield results  

The yield related factors are indicated in Table 1.   

The yield statistics are given in Table 1, and the variance analysis is given 

in Table 2.   

According to the variance analysis, the difference between groups is not 

apparent, indicating that the soil fertility is basically identical, and the 

difference between treatments is considerable.   

V. Conclusion  

According to the results of yield analysis, after applying 3000 kg 

composting output, the yield has increased by 169.7 kg (yield-increasing 

rate: 99.0%) when compared with the scenario of no fertilization and by 

108.3 kg (yield-increasing rate: 47.0%) when compared with the scenario 

of applying only 1500 kg. The yield has increased by 69.3 kg 

(yield-increasing rate: 30.1%) after applying 1500 kg composting output 

when compared with the scenarios of no fertilization.   

 

Table 1: Yield survey table  
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Item 

Treatment 

Plant 

height 

(cm)  

Spike 

length 

(cm)  

Spike 

position 

(cm)  

100 kernel 

weight (g)  

Yield 

per mu 

(kg)  

�-1 178.8 20.6 84.8 23.05 331.3 

�-1 165.6 18.0 80.6 22.1 226.0 

CK-1 158.2 14.8 77.2 19.4 164.8 

�-2 185.8 20.8 84.8 23.0 341.0 

�-2 165.4 17.8 82.8 21.9 230.0 

CK-2 150.0 14.2 77.4 20.0 171.5 

�-3 177.0 20.8 80.0 23.2 347.4 

�-3 163.4 18.4 77.0 21.95 236.0 

CK-3 157.2 15.0 74.4 20.5 178.6 

 

Table 2                        Variance analysis table                        
Cause of variation       DOF      Sum of squares       Variance         Fcp=0.057          
Fcp=0.017 
V1 zone between groups       2           4362.9           2681.4         3.74                
6.51 
V1 zone between treatments   2           27990.0          13995.0        3.74                
6.51 
Probable error V2                   4           3367.8           842.0 
Total                     8           34820.7                                                     

Liu Zhong, Test Lab of Erdos Agricultural Center  

October 30, 2007  
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Annex 11  
Summary report on the compost-applied potato 

demonstration field in Daxing Ecological Test Base  

I. Test objective  

Our fundamental purpose is to find out the application effect of 

composting output on potato, and lay the foundation for the commercial 

production of municipal compost.   

II. Test design  

Potato is a fertilizer-liking crop plant being very responsive to organic 

fertilizer. The experiment uses a single factor and five levels, namely: 1) 

applying 30000 kg composting output per hectare; 2) applying 60000 kg 

composting output per hectare; 3) applying 90000 kg composting output 

per hectare; 4) blank area (without fertilization).   

III. Test arrangement  

The demonstration field is located in the ecological demonstration base in 

Daxing (newly constructed river terrace). With meadow chestnut soil 

being the typical soil type, the upper soil layer is composed of sandy 

loamy soil providing low fertility level. The soil organic matter, total 

nitrogen, available nitrogen, available phosphorus, available potassium 

and pH value reach 3.12g/kg, 0.206g/kg, 8mg/kg, 1.7mg/kg, 82mg/kg and 

8.1 respectively. Fertilization method: basal dressing. The plot area 

reached 270m2, and in order to reduce production loss, a blank area of 

50m2 was left. The potato variety is Kexin #1, while the fertilization 
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method adopted basal application, namely, the fertilizer will be applied 

when the potato seed is planted. The dibbling seeding approach was 

adopted, with distance between plants reaching 40cm and distance 

between rows reaching 50cm, and the theoretical number of seedlings 

will reach 50000 per hectare.   

Schematic diagram of the compost-applied buckwheat demonstration 

field (2007)  
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IV. Records of growth duration and farming activities  

1. Growth duration  

Seeding: June 15, 2007; emergence: June 20; pseudo-axis branching: July 

11; budding: July 22; blooming: August 8, and the tuber began to expand; 

harvesting: October 3.   

2. Field investigation  

Field investigation was carried out on August 31. Observationally, the 

entire potato field showed the symptom of late blight. The better the 

growth was, the severer the damage would be. The fundamental number 

of plants reached 47,500 per hectare (field emergence rate reaching 95%), 

and those without fertilization showed the symptom of premature decay.   

V. Statistical analysis of field  

According to the yield survey conducted on September 30, the yields 
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have reached 9250 kg, 11250 kg and 12500 kg per hectare after applying 

15000 kg, 30000 kg and 45000 kg compost respectively, while the yield 

only reach 6000 kg after applying no fertilizer.   

VI. Conclusion  

According to the statistics of yield analysis, under the current soil 

productivity and yield level, the yield increasing effect of organic 

fertilizer on potato is tremendous, especially on such lands with low 

fertility level. The yield has increased by 6500 kg (108.3%), 5250 kg 

(87.5%) and 3250 kg (54.2%) per hectare after applying 45000 kg, 30000 

kg and 15000 kg compost respectively when compared with the yield 

obtained without fertilization.   

VII. Notes  

1. The low ground temperature of experimental field at the preliminary 

stage and the concluding stage in 2007 has resulted in relatively lagged 

growth duration.   

2. The rainfall precipitation totaled 244mm from April 1 to September 30, 

indicating a moderately droughty year, especially in September. However, 

the growth vigour of potato was generally satisfactory.   

3. Since the lands in Daxing Ecological Test Base are newly developed, 

the soil productivity is not even, and therefore accurate statistics cannot 

be obtained.   
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                   Liu Zhong, Erdos Solid Manure Station  

       November 25, 2007 
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Annex 12 

Biological Treatment Technology of Human 
Urine and Urban Organic Waste 

(Aerobic Compost) 

I. Basic Conception  

1. Definition: Composting is a process in which organic waste is 

purposefully degraded by microorganisms (mainly bacteria) under 

control and at the same time a biological stabilization effect 

(transformation towards stable humic substance) is made to occur to 

organic substance. The finished product after composting is 

distinguished as Compost. 

2. Merits of Compost  

1) The physical property of the waste is improved: such as fluffy 

structure and decreased volume and moisture 

2) Hygienically sanitized: odorless, pathogen deactivated, no fly 

breeding 

3) Giving full play to soil fertilization and vegetative promotion effects  

• After composting treatment, the degree of maturity of 

the substance is increased, so that utilization of it does 

not cause root and seedling death.  

• Improving the physical property of soil: promoting 

formation of soil aggregates, decreasing the volume 
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weight of soil, and enhancing the fertilizer 

maintenance ability of soil  

• Improving the level of soil organic matter and provide 

nutrients for crop plant (demonstrating the 

characteristic of slow release)  

• Improving the buffering effect of soil  

• Activating soil nutrient: The humic acid is capable of 

chelation  

• Showing physiologic accommodation effect: 

containing physiologically active substance  

• Improving soil biological activity  

• Compost is source of CO2 supply  

3. Raw Material for Compost  

1) Fiber lignin wastes: farming stalk, forestry wastes (bark, saw dust, 

tree leaf), bran shell, bagasse, reed cinder, wild grass, etc. 

2) Kitchen wastes, livestock and poultry excrements, and human urine 

3) Municipal wastes: domestic wastes, sewage sludge, etc. 

Note: With the first category as main raw material, compost usually needs 

to use low C/N ratio stuff in combination, such as livestock and poultry 

excrement or municipal sludge or leguminous green manure or 

fertilizer-N.  
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4. Types of Compost  

Aerobic composting is a course of decomposition and fermentation that is 

performed in the presence of free phenol under draft condition.  

Aerobic composting requires high temperature, normally above 55 ℃ for 

7 to 11 days, sometimes higher than 80 ℃ at extremity; so it is also 

known as high-temperature composting process. As aerobic composting 

process has the merit of short composting cycle, high degree of 

sanitization, better sanitary condition, easiness in mechanical operation, 

etc., it is extensively utilized in composting of sewage sludge, municipal 

wastes, livestock and poultry excrement as well as farming stalk.  

At present, there are principally two system of aerobic composting both at 

home and abroad:  

1) No-fermentation-equipment Composting System  

The materials are usually piled in windrow for composting. 

Depending on the mode of oxygen supply for the pile, the 

no-fermentation-equipment composting system can be further divided 

into two types, i.e. stirring composting bed and fixed pile composting 

bed.  

The stirring composting bed type is also referred to as traditional or 

forced-ventilation windrow fermentation.  
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For the fixed pile compost, basically no pile turning is done; oxygen can 

be supplied mainly in two ways:  

One way is to adopt natural aeration for the compost; along the pile yard 

is air drain and vertically vent duct is erected (or using different kinds of 

stalk bundles as aeration means), thus all oxygen required for biological 

fermentation entirely depends on natural ventilation. Composting time is 

usually longer if natural ventilation is adopted.  

The other way is to adopt forced ventilation as oxygen supply mode for 

compost, which is also known as fixed pile forced ventilation composting 

process.  

A blower or air compressor is used to force air blast for oxygen supply, or 

an induced draft system may also be adopted. Using the timer or the 

in-pile automatic temperature/oxygen-density feedback device, air 

blowing or air draft can supply oxygen intermittently. Usually the 

composting time under natural ventilation is longer, while fixed pile 

forced ventilation composting process is faster with a composting cycle 

of 3 to 5 weeks.   

The no-fermentation-equipment composting system has the benefits of 

less initial cost, simple technology, easy to operate and large handling 

capacity. Its weakness lies in the difficulty of heating up the pile and 

thermal insulation in winter when it is cold; this system also requires 
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higher land occupation and longer composting time compared with 

fermentation plant composting.  

2) Fermentation Tank Composting System  

Composting is conducted within fermentation equipment. The 

fermentation tank system can be further divided into two types, i.e. 

vertical fermentation tower composting and horizontal/fermentation-tank 

composting.   

Vertical composting fermentation tower (Multilayer shaft furnace 

fermentation tower):  

Normally it is composed of 5 to 8 layers. The compost materials are 

supplied from the top of the tower; with various mechanical movements 

within the tower, the stuff moves from the top layer towards bottom layer 

step by step. Generally, after 5 to 8 days of aerobic fermentation, the 

compost material will be moved from the tower top to tower bottom in 

completion of the primary fermentation. Vertical compost fermentation 

tower is usually enclosed, inside which temperature distribution rises 

from the top layer to the bottom layer. Oxygen supply for tower unit is 

usually done with forced ventilation by a blower fan.  

Horizontal compost fermentation roller (Dano roller):  

This type of fermentation roller is placed horizontally tilted, 2.5-4.5 m in 
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diameter and 20-40 m in length, using forced air supply. Wastes in this 

equipment are lifted in rotation direction by the friction forces with the 

internal surface of the roller (at rotation speed of 0.1-3 rpm), and fall 

down due to the weight per se. Through such repeated lifting and 

downfall, the wastes are turned evenly to be in contact with the supplied 

air and fermented via microbial effects. After 1 to 5 days of fermentation, 

the stuff is discharged and piled in windrow for curing.  

Operation continues under room temperature 24 hours with ventilation 

quantity of 0.1 m3/ (m3.min). Primary fermentation takes 36-48 hours, 

while complete fermentation takes 2-5 days. Roll stuffing rate shall be 

below 80%.  

Silo-type Composting Fermentation Tank  

Silo-type composting fermentation tank is cylinder-shaped with single 

layer, mostly made of reinforced concrete; the depth of the tank is usually 

4-5 meters. To facilitate aerobic fermentation of the compost, oxygen 

supply for fermentation tank adopts forced air supply by high-voltage 

centrifugal blower. Air enters the tank from tank bottom, and compost 

raw materials are input from tank top. After 6 to 12 days of aerobic 

fermentation, the compost after primary fermentation will be discharged 

from the discharging machine in the tank bottom.  

Others:  
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Characteristics of Fermentation Tank Composting System:  

• No climate impact  

• Secondary pollution efficiently controlled  

• Short fermentation time and less floor space.  

Disadvantages:  

Higher initial cost, high operating cost, and relatively smaller scale of 

batch production 

Theories and Microbiological Process of Aerobic Composting 

I. Rationale  

1. Rationale  

Aerobic composting is a process under oxygen atmosphere, in which part 

of the organic substance in aero microbe is decomposed and oxidized into 

simple inorganic substance via its own catabolism and anabolic process 

so that energy required for microbial metabolism can be provided, and at 

the same time part of the organic substance is transformed and 

synthesized into cellular material so that microorganism grows and 

breeds and produces more organism.  

1) Oxidation of Organic Substance  
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CsHtNuOv.aH2O + O2  CwHxNyOz.cH2O （ Composting ） + 

dH2O(Gas)+ eH2O(Water) + fCO2 + gNH3 + Energy 

The ratio of finished compost (CwHxNyOz.cH2O) to compost raw 

material (CsHtNuOv .aH2O) is 0.3-0.5 (result of oxygenolysis and weight 

reduction).  

General range of the value:  w=5~10, x=7~17, y=1, z=2~8 

The result of composting is to transform the organic substance wastes 

towards humic substance with relatively higher degree of stabilization. 

Humus formation is a very complicated process, and its biological 

process is shown below:   

2. Microbiological Process  

Temperature Range of Mesophilic Bacteria and Thermophilic Bacteria 

Activity  

Bacteria Lowest Appropriate Highest 

Mesophilic 15-25 25-40 43 

Thermophilic 25-45 40-50 85 

The microbiological process of aerobic composting can be approximately 

divided into three phases, each of which possesses its unique microbial 

group of classes:  
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1) Heat production phase (mesothermal temperature phase, temperature 

rise phase):  

• Initial composting period (normally 1-3 days), the mesophilic 

microorganism in compost takes soluble and easily 

degradable organic substance as source of nutrition and 

energy for fast proliferation and produces heat energy that 

heats up the compost successively. In this phase, temperature 

stays within the range of from room temperature to 45 ℃, 

and microorganism is mainly mesothermal and 

oxygen-consuming, normally some non spore bacteria.  

• Diversifies types of microorganism, mainly bacteria, fungi and 

actinomyces. Among these, bacteria mainly take 

water-soluble monose, actinomyces and fungi have special 

effects on decomposition of fibrin and hemicellulose 

substance.   

2) High temperature phase:  

①. When the temperature of compost pile rises above 45 ℃, high 

temperature phase starts.  

Normally, starting from pile fermentation, it takes only 2-3 days for the 

compost pile to quickly arrive at a temperature up to 55 ℃ and at the 

peak value within a week (peak temperature could be 80 ℃.).  
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②. Mesophilic microorganism is somewhat suppressed and thermophilic 

microorganism takes the place. In addition to the soluble organic 

substance left or newly formed in the previous phase that continues 

the process of decomposition and transformation, other complex 

organic substance like hemicellulose, fibrin, protein etc. begins 

intense decomposition too. At the temperature of 50 ℃ or so, major 

active organisms are thermophilic fungi and actinomyces; when 

temperature rises to 60 ℃, fungi almost stops activity, leaving only 

thermophilic actinomyces and bacteria active; when temperature is 

higher than 70 ℃, the majority of the thermophilic microorganisms 

cannot survive, dying or entering dormancy.  

③. At this stage, heat production is decreased and pile temperature 

automatically drops. When pile temperature drops to below 70 ℃, the 

dormant thermophilic microorganisms become active again, 

continuing to decompose the indecomposable organic substances and 

bringing heat production to increase; thus pile temperature remains in 

a longer hyperthermal period under natural regulation.  

④. High temperature is vital to quick composting of compost. It is in this 

phase that the humus formation process within the compost begins 

and atrament soluble in weak alkali appears. C/N ratio undergoes 

dramatic decline, and pile height is reduced accordingly. High 

temperature can efficiently kill the pathogen in organic wastes. As per 
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the Sanitary Standard of High Temperature Composting (GB7959-87), 

it is required that maximum temperature of the compost shall be 

higher than 50-55 ℃ for 5-7 days.  

3) Compost maturity phase:  

At the end of high temperature phase, only part of the indecomposable 

organic substance and newly formed humic substance are left active, thus 

microbial activity goes down, heat productivity decreases and 

temperature drops. Mesophilic microorganism dominates again and starts 

further decomposition of the remained indecomposable organic substance, 

increasing humic substance that tends to be stabilized. And, the compost 

enters maturity phase.  

With temperature drop, oxygen consumption is greatly reduced, pile 

lacunae are expanded, and oxygen diffusion ability is enhanced; hence 

only natural ventilation is required. The store maturity treatment that is 

common in forced ventilation composting is to stop aeration after first 

turning of the aeration pile and leave it for maturity. It also has the effect 

of nitrogen preservation.  

II. Technological Flow and Device  

(I) Composting Procedure  
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1. PPretreatment of Raw Materials  

This includes sorting, fragmentation as well as adjustment of moisture 

percentage and C/N ratio.  

2. Fermentation of Raw Materials  

Primary fermentation can be adopted, with an approximately 30-day 

cycle. Currently refermentation is commonly practiced, which requires a 

cycle of 20 days.  

(1) Primary fermentation: The microbial metabolism process in the two 

aerobic composting phases, i.e. mesothermal temperature phase and 

high temperature phase, is called primary fermentation or first 

fermentation. It refers to the entire process of generally about 10-12 

days, starting from the initial stage of fermentation, to mesothermal 

temperature and high temperature stage and finally to temperature 

drop.  

(2) Refermentation: After primary fermentation, there are still some 

decomposable and large quantity of indecomposable organic 

substance in the raw material, which needs to be sent to 

after-fermentation room and piled into stacking of 1-2 m high for 

refermentation and finally compost maturity. At this point, 

temperature keeps dropping. When it stabilizes at about 35-40 �, the 

pile reaches maturity, which generally takes 20-30 days.  
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3. Aftertreatment  

Aftertreatment includes impurity-removing and necessary fragmentation 

treatment.  

(II) Technologies  

1. Simple village composting process (Primary fermentation method)  

The goal of village composting is to avail agricultural wastes to prepare 

high-quality organic fertilizer source.  

Composting materials can be divided into three categories.  

The first category is cereal stalk and root/stub, weed, defoliation, etc., 

which is the main part of a compost. The characteristic of this category is 

less nitrogen content, wide C/N ratio, high lignin content and hard to 

decompose.  

The second category is stuff that facilitates decomposition, including 

material able to regulate C/N ratio and acidity,  the former referring to 

stuff containing high content of nitrogen like human and animal manure, 

fresh leguminous green manure, and chemical nitrogen fertilizer while the 

latter referring to lime. For simple high temperature composting in 

countryside, it is necessary to add manures of mule or horse or culture 
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solution, so as to inoculate high temperature cellulose decomposing 

bacteria.   

The third category is stuff with absorptive capacity, such as mud and peat. 

Before composting, pretreatment may be needed as the case may be. For 

example, course and bulky cornstalk needs cutting up to 10-15 cm in 

length; rubbish needs sorting and removal of non-compostable substance; 

tough and ripe wild grass need to be soaked in lime solution or piled after 

cutting short; weed with too much moisture needs drying to remove the 

moisture.   

Composting Technique  

Normally both the width and height of the compost pile are 2.0 m, and 

length varies depending on the material. The ground surface need to be 

tamped before piling, and then paved with dried fine earth or peat of 9-10 

cm thick to absorb compost solution. First lay on the ground the first 

category of material at thickness of about 20 cm, and then add right 

amount of water and second category of material. Repeat this procedure 

until the pile reaches required height, and cover the top with sludge.  

Principle of adding pile stuff:  

Thickness of the first category of material gradually becomes thinner and 

thinner from bottom to top layer;  
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Dose of the second category of material is increased from bottom to top 

layer by layer, for equal compost maturity.  

Recipe of materials varies depending on location. Generally, high 

temperature composting recipe would be: 100 shares of vegetable stalk, 

10-20 shares of human and livestock urine, 2-5 shares of lime or plant ash, 

100-200 shares of water, and right amount of mule and horse manure.   

2. Stirred turning of windrow composting fermentation process (primary 

or refermentation)  

Stuff is piled in stacks, which takes the form of paralleled windrow 

whose section form is normally triangle or trapezium with 1.5-2.0 m of 

height and 4-6 m of width.  

Pile of stuff can be done with a forklift truck (See figure). In large-scale 

windrow system, stuff turning can be done with portable compost turning 

equipment, like the all-in-one portable compost turning equipment 

integrating compost turning, pulverization, temperature measurement and 

oxygen measurement as shown in the figure below. For organic substance 

with higher humidity like municipal sludge, livestock and poultry 

excrements, etc., it must be mixed up with dry bulking agent or 

conditioning agent before piling so that the water ratio of the mixed pile 

stuff is kept at 55-65%. Bulking agent may be various agricultural stalk, 
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rice hull, wood flour, bark, bagasse and dry recycled compost products. 

The flow of this fermentation process is given below:   

• For garbage compost, pretreatment is necessary before 

pile, which mainly involves sorting the garbage, 

removing big inorganic substance, and recycling the 

metal, glass and plastic materials, to increase the 

percentage of compostable stuff in the material. 

During pretreatment, sometimes fragmentation 

treatment is necessary to adjust the granularity of 

garbage, which shall fall in the range of 12-60 mm. 

Sorting and screening can increase the surface area of 

raw material, which is good for microorganism 

reproduction accelerates fermentation rate.  

• Garbage composting normally does not require 

conditioning agent and bulking agent; composting can 

be completed naturally if there is right amount of 

moisture content and above 20% of organic content.   

• Turn the pile every 4-7 days and stop doing that after 1 

month, waiting for after-maturity.   

3. Forced ventilation fixed stack fermentation process  
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The difference between this technology and the former lies in that no pile 

turning during composting is required and that oxygen supply is 

mechanically done with air blowing or downdraught system. This 

technology is commonly practiced in sludge composting.  

Detailed procedures:  

①. Mix the dewatered sludge and bulking agent, and volume ratio could 

be 1:1, 1:2 or 1:3; 

②. Lay about 20 cm of small wood blocks or bulking agent on the 

composting yard;  

③. Based on the above, pile the mixture of sewage sludge and bulking 

agent into a stack at the height of 1.5-2 m; 

④. Cover the surface of the stack with a layer of sifted-out compost  

finished product (about 20 cm in thickness) or with a layer of plastic 

film;  

⑤. Connect the blower or drawing fan with ventilating duct and start 

ventilation after 3-4 days of composting. Compost pile temperature or 

oxygen feedback device may be available to the ventilation system for 

self-regulation. For instance, at the temperature lower than 45 �, the 

fan starts working and providing oxygen, promoting microbial 

activity; when temperature stays within 45-70 �, the fan stops 

working; when temperature is higher than 70 �, the fan starts 
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working again to bring down pile temperature. Or the fan can be 

controlled with a timer, like 15-30 minutes of ventilation every 3 

hours.  

⑥. If induced draft system is adopted, the gases coming out from the fan 

is usually first filtered through matured compost for deodorization 

and then discharged into the air.  

⑦. Normally after 4 weeks of composting, the pile is turned once and 

ventilation stops to allow store maturity; if highly matured compost is 

needed, preferably leave over 30 days for store maturity.  

⑧. Composted stuff usually needs drying, which can be done by natural 

air drying in open air, or start the blower again to remove moisture.  

⑨. If recycling utilization of the bulking agent (like small wood block) in 

the compost is required, the compost must be screened.  

Process Flow   

4. Fermentation tank composting process for municipal refuse   

1) Horizontal Dano roller fermentation composting system (Abroad)  

The diagram below shows a municipal refuse-sludge composting device. 

The collected garbage is input in the pit or hopper to be transported with 

platform conveyor to crusher for fragmentation and then iron substance is 

removed with magnetic separator; after that, non-compost substance will 
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be separated from compost substance, mainly kitchen wastes garbage, 

with a classifier. The compost stuff is sent to primary fermentation tank 

for ventilated fermentation. In addition to fermentation function, the 

fermentation tank can be used: to fragment compostable stuff and reduce 

granularity through rotation, to compost return sewage sludge and make 

the garbage even, to stir the pile for even fermentation, and to discharge 

the stuff in ration.  

The immature compost after primary fermentation will be separated into 

fine matured compost and unfermented fragmented plastic stuff with 

secondary classifier (rocker screen). The non-composting stuff screened 

out from both first and secondary sorting will be processed together with 

compression packing and delivered for landfill or incineration.  

The immature compost is sent to the multilayer shaft furnace 

refermentation tank for rapid fermentation and decomposition to produce 

matured compost, and further divided into fine compost and coarse 

compost with a thrice classifier (rocker screen). Part of the coarse 

compost is put as inoculation compost and sent to primary fermentation 

tank after mixing with sewage sludge. Fine particle compost is further 

processed with a glass picker, which removes granule sheet glass and 

plastic impurity through air blowing, bouncing and oscillating 
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movements, and become high-purity selection compost for direct use or 

sent to storage ageing yard for further maturity.  

2) Domestic garbage composting system (100 t/d garbage disposal pilot 

plant in Wuxi)  

III. Influencing Factors of Compost and Control  

(I) Ventilation Quantity and Frequency  

Oxygen supply via ventilation is one of the essentials of aerobic 

composting production. Ventilation quantity is mainly decided by the 

organic content in compost raw material, volatility, and degradability 

coefficient.  

Primary functions of ventilation are:  

①. Providing oxygen, accelerating microbial fermentation; 

②. Regulating compost pile temperature; 

③. Drying the pile stuff.  

Undersized ventilation quantity is insufficient to provide enough oxygen 

for microorganism and affects compost temperature rising, while 

oversized ventilation quantity might cause loss of heat in the compost and 

affect the degree of sanitization of the compost. Normally, desirable 

empirical data for forced ventilation is 0.05-0.2 m3/m3 of stacking.min.  
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(1) Theoretical calculation of oxygen required for microbial 

decomposition of organic substance  

CaHbNcOd +0.5(nz + 2s + r–d) O2 —>nCwHxNyOz+ rH2O + sCO2 + 

(c - ny)NH3 + Energy 

where，r = 0.5[b – nx - 3(c - ny)]             s = a - nw 

n is degradation efficiency (Molar conversion rate < 1)  

CaHbNcOd and CwHxNyOz represent the ingredients of compost raw 

material and compost product respectively.  

For example: Result of laboratory test of aerobic composting of raw 

material with ingredient of C31H50NO26 shows that each 1000 kg of 

stacking stuff is reduced to 200 kg after composting, and measured 

ingredient of the product is C11H14NO4. Find out theoretical oxygen 

demand of each 1000 kg of material by stoichiometric calculation.  

1) Work out the kilo mole mass of compost material C31H50NO26 is 852 

kg, and the mole number of organic substance in the process =1000 /852 

= 1.173 kmol  

2) The kilo mole mass of compost product C11H14NO4 is 224 kg, and 

the conversion coefficient of organic substance of every mol participation 

process can be calculated, i.e. n =200 /(1.173 x 224) =0.76  
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3) From known conditions: a=31, b=50, c=1, d=26, w=11, x=14, z=1 and 

y=4,  

it can be worked out this way: r = 0.5[b – nx - 3(c - ny)] =19.32 

s = a – nw =31- 0.76×11 = 22.64  

4) Based on the above stoichiometric calculation, the required oxygen 

quantity is:  

W = 0.5(0.76×4 + 2 ×22.64 + 19.32 – 26) ×1.173 ×32 = 781.5kg 

Actual composting system must be able to provide procedural air 

exceeding oxygen requirement (2 times above) to ensure sufficient 

aerobic condition.  

Empirical data for forced ventilation of main fermentation is:  

0.05-0.2 m3/(min.m3) or guaranteed oxygen percentage of 15%-20% (v/v) 

in the aeration pile.  

(2) Oxygen Control  

1. Oxygen supply through natural ventilation  

2. Inserting a vent duct into the compost pile  

3. Using various special compost pile turner for turning ventilation  

4. Oxygen supply through forced ventilation by blower fan.  

(II) Quantity of Organic Content  
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The quantity of organic content influences the temperature of pile stuff 

and oxygen supply via ventilation. If quantity of organic content is too 

low, heat from decomposition is insufficient to promote and maintain the 

reproduction of thermophilic bacteria in the compost and the compost pile 

cannot reach the high temperature phase, which affects the sanitization 

efficiency of the compost. Besides, low quantity of organic content will 

influence the fertilizing value and use value of compost product.  

If the quantity of organic content is too high, large amount of oxygen 

supply is required, which could cause practical difficulty in oxygen 

supply via ventilation, and hence partial anaerobic condition caused due 

to insufficient oxygen supply. Appropriate organic content shall be 

20-80%.  

(III)  C/N Ratio 

25:1 is the optimum ratio.  

In composting, organic C serves mainly as substance of energy source of 

microorganism. Most of organic C is turned into CO2 through 

oxygenolysis in the course of microbial metabolism and volatilized, and 

part of this C constitutes the cellular material of microorganism itself. 

Nitrogen is consumed in the synthesis of bioplasm. Considering the 

nutrition requirement of microorganism, the best C/N ratio is 4-30. At the 
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C/N ratio of about 10, speed of microbial decomposition of the organic 

reaches the maximum.  

As the C/N ratio increases, composting time is prolonged correspondingly, 

and it is reported that:  

When the C/N ratio of raw material is 20, 30-50, or 78, the corresponding 

composting time is 9-12 days, 10-19 days, and 21 days; but when C/N 

ratio is higher than 80:1, composting is difficult.  

The C/N ratios of various materials are usually as follows: 300-1000 for 

sawdust, 70-100 for stalk, 50-80 for garbage, 6-10 for human excreta, 

8-26 for cattle manure, 7-15 for pig manure, 5-10 for chicken manure, 

and 8-15 for sewage sludge.  

The C/N ratio of pile after decay will decline dramatically compared with 

before decay, usually 10-20:1. Matured compost with such C/N ratio has 

better fertilizing value in agricultural use. If the C/N ratio of finished 

compost product is too high, it might cause competition for nitrogen 

nutrients between microorganism and vegetables in agricultural use and 

reduce the available nitrogen for crop, affecting the growth development 

of the crop.   

(IV)  Moisture  
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The quantity of moisture content has direct impact over compost 

fermentation rate and degree of compost maturity. For sludge composting, 

proper quantity of moisture content in the piled stuff should be 55-65%. 

In actual practice, a simple and convenient measuring method is to grasp 

tightly the stuff with a hand. If the stuff can form a dollop with water 

vestige but without water drop, the moisture content inside is proper. The 

best ratio of moisture content is 55%. For raw material mainly composed 

of high-humidity stuff like dewatered sludge, a commonly adopted 

method is using recycled compost to adjust water content.  

Example No. 1: It is proposed to process dewatered sludge press cake 

with composting method. The solid load is 30%, and daily handling 

capacity is 10 tons (calculation based on dry stuff). Recycled compost 

(solid load 70%) is used for desiccation and 40% of solid load for the 

mixture is required. Calculate the wet basis recycle ratio and determine 

the gross amount (wet weight) of stuff in tons required for daily 

processing.   

Example No. 2: Suppose recycled compost and conditioning agent are 

added in sewage sludge press cake for humidity control. Organic 

conditioning agent is sawdust with solid load of 70%, and the solid 

content in the dewatered mud cake and recycled compost is 25% and 60% 

respectively. Sewage sludge press cake, compost and conditioning agent 
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are mixed at the wet weight ratio of 1:05:0.5. Find out the solid load of 

the admixture.  

(V)  Granularity  

The oxygen required for composting is supplied through the pore space 

between compost feed particles. Porosity and pore size are decided by 

particle size and structural strength, such as sheet paper, animal and plant, 

fabrics, etc. Exposure to water and pressure will cause increased density 

and greatly shrink interparticle pore, which is not good for oxygen supply 

through ventilation. Generally, proper value remains in 12-60 mm.  

(VI) pH 

Microorganism can be bred within wide range of pH, but proper pH value 

should be 6-8.5.  During solid waste composting, adjustment of pH 

value is usually not required. But, compost with over-high or over-low 

pH value need to be stored in open air for certain period of time or 

incorporate in other compost or stuff so as to reduce or increase pH value.   

IV.  Degree of Compost Maturity  

Maturity Degree: the degree of composting maturity for compost  

(I) Appearance Change  
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A visual qualitative criteria is no drastic decomposition in the compost, 

low temperature in finished product, dark brown or black, loose structure 

and no mephitis.   

(II) Technological Parameter as Acceptance and Rejection Criteria  

1. Compost Pile Temperature Change  

For composting without fermentation tank, temperature change in 

compost pile has good indication function. Pile temperature usually 

gradually falls after high temperature phase. When compost reaches 

maturity, temperature would be lower than 40 �. But for composting 

with fermentation tank, the indication function of pile temperature change 

is not as good as composting without fermentation tank. As gas-tight silo 

shows good thermal keeping property, and each layer has large capacity, 

compost temperature under stabilization status might be still higher.   

2. Oxygen Consumption Velocity  

Oxygen consumption velocity refers to the % decrease of oxygen volume 

density in unit time, which can be expressed as 0.02 02%/min. The 

velocity of oxygen consumption or CO2 production during composting 

indicates the degree of organic substance decomposition and reactive 

procedure in the compost. As measurement of oxygen consumption 

velocity data is less influenced by raw material ingredient, so long as 
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oxygen supply is sufficient in the pile layer, the data of oxygen 

consumption velocity is relatively stable and reliable. In the course of 

piling till compost maturity, oxygen consumption velocity curve indicates 

a change of climbing from low to high and falling again and finally 

staying stabilized; when compost remains stabilized, relative oxygen 

consumption velocity stays at approximately 0.02 02%/min.  

(III) Chemical Index  

1. Organic Substance and Volatile Solid Content Change  

As composting proceeds, the organic substance and volatile solid contents 

in the compost tend to increasingly decrease and reach stabilization in the 

end. When maturity is reached, a decrease of 15-30% is possible. 

However, the trend of change is greatly influenced by source of feed, and 

therefore it alone is not sufficient to judge whether the compost is 

matured or not.   

2. Changes in Nitrogen, C/N Ratios and Inorganic Nitrogen Species  

During composting, part of the organic carbon will be oxidized into CO2 

and lost through volatilization, thus material mass reduced. As loss of 

nitrogen (primarily small amount of ammonia nitrogen lost in 

volatilization during the organonitrogen ammoniation phase) is far less 

than the loss of organic carbon, when the pile is matured, the nitrogen 
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content in compost tend to increase while C/N ratio keeps falling till 

stabilization. Researches indicate that when the C/N ratio of pile falls 

from 25-35:1 to below 20:1, the pile would obtain stabilization.  

3. Water-soluble Organic Carbon (C) and Ratio of Water-soluble Organic 

to Organonitrogen  

During composting, the change of water-soluble organic carbon in the 

compost water extract is more distinct then that of solid organic carbon in 

the compost. Studies show that, when the compost is matured, 

water-soluble organic carbon contents could decrease 50% upwards. 

Similar law can be found in organonitrogen in leaching solution, but with 

much less decreasing amplitude than water-soluble organic carbon. 

Recent discoveries suggest that, the ratio of water-soluble organic carbon 

to water-soluble organonitrogen is an excellent chemical index of 

compost maturity. A ratio of about 5-6 indicates compost maturity, 

regardless of raw material.   

(IV) Biological Index  

Usually, the effects of compost water extract on seed or on seedling 

growing is adopted as biological index to indicate degree of stabilization 

of the compost. When stabilization is not achieved in compost, the water 

extract presents certain phytotoxicity, which affects germination of seed 
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and spreading of root. Experiment time for seed germination is usually 24 

hours, which is the most direct index to assess the degree of stabilization 

of compost. Seeds used for experiment include seeds of cress, carrot, leaf 

mustard, Chinese cabbage, wheat, tomato, etc. At present, most 

commonly applied internationally is cress seed, which is highly sensitive 

to environment and quick in germination. Germination experiment result 

is generally expressed with seed germination index (%):  

Seed germination index (%) = (Seed germination rate with compost 

leaching solution treatment X Root length of treated seed) ÷ [(Seed 

germination rate with deionized water treatment X Root length of 

deionized water treated seed)] X 100%. 

Experiment procedures: Leaching compost fresh sample at the ratio of 

water: material = 1:2, filter it after 1 hour of oscillation at 160 rpm, 

sucking out 5 ml of filtrate and put it in a culture dish laid with filter 

paper, place 10 cress seeds on the filter paper, measure the root length of 

the seed after 24 hours culture in dark at the temperature of 25 � and 

make blank control with deionized water at the same time, and calculate 

seed germination index as per the above formula.  

Generally, when the seed germination index arrives at above 50%, it can 

be ascertained that phytotoxicity is removed and the compost reaches 

stabilization.  
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Annex 13  

Biological Treatment Technology of Human 
Urine and Urban Organic Waste 

(Marsh Gas from Anaerobic Fermentation)  

I. Overview  

(I) Definition 

Methane fermentation is also known as anaerobic fermentation or 

anaerobic digestion. It refers to the process in which organic substance 

(like crop plant stalk, weed, animal and human excreta, garbage, sewage 

sludge, urban sewage, industrial organic wastewater, etc.) is made to 

produce methane through catabolism of great variety of large amount of 

microorganism with different function under anaerobic condition.  

(II) Composition of Marsh Gas:  

Methane is a kind of flammable mixed gas produced by microorganism. 

The essential component of methane is CH4, almost taking 60%, and next 

to it is carbon dioxide (CO2), taking about 35%,  together with small 

amount of other gases like vapor, sulfuretted hydrogen, carbon monoxide, 

nitrogen gas, etc. Methane produced under different conditions may have 

varied composition. For example, methane obtained from fermentation of 
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human excreta, chicken manure and slaughter waste water may have over 

70% of CH4, while methane from crop plant stalk fermentation only have 

about 55% of CH4.   

II. Microbiological Process of Marsh Gas Fermentation  

(I) Microbial Variety for Marsh Gas Fermentation:  

The first category is fermentative bacteria, including different kinds of 

organic substance decomposition bacteria, which can secrete extracellular 

enzyme to decompose complex organic substance into relatively simple 

substance. Some examples can be given, like decomposition of polyose 

into monose, protein into peptide or amino acid, and fat into glycerol and 

fatty acid.  

The second category is hydrogen-producing acetogenic bacteria. Its major 

function is further decomposition of the decomposed stuff by previous 

bacteria into acetic acid and carbon dioxide.  

The third category is methanogen, whose function is to produce methane 

using acetic acid, hydrogen gas and carbon dioxide.  

In the actual course of fermentation, it is the inter-coordination and 

interaction of the three categories of bacteria that complete the course of 

methane production.   

(II) Three Phases of Marsh Gas Fermentation  
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III. Classification of Marsh Gas Fermentation Material and Characteristics  

Nearly all organic substance in natural world can be used as material for 

methane fermentation. For the manual system to obtain methane, 

principal raw materials are livestock and poultry excrement sewage, 

waste water from food processing industry and pharmacy industry and 

chemical engineering, as well as domestic sewage. In rural area, crop 

plant stalk is also used to prepare methane. As the source and 

establishment are so different, the chemical composition and structure are 

widely different, and the fermenting property is greatly varied.  

(I) Classification as per Source of Feed:  

1．Rural fermentation raw materials  

• N-rich raw material. It generally refers to human, livestock 

and poultry excrements, including low C/N ratio material 

like green grass. It contains high nitrogen content, mostly 

with a C/N ratio below 25:1, i.e. within or below the C/N 

ratio suitable for methane fermentation. The excreta in this 

type of material is digested in human and animal 

gastrointestinal system, normally with finer granularity and 

substantive low-molecular weight compound, whereas the 

intermediate product unabsorbed by human and animal has 
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higher moisture content. Therefore, without pretreatment 

during methane fermentation, it is easy to achieve anaerobic 

decomposition at higher speed and with shorter fermentation 

cycle.  

• C-rich material. Another large category of fermentation 

material is crop plant residue like stalk and scurf This type of 

material contains rich content of fibrin, hemicellulose, 

pectine and hardly degradable lignin and vegetable wax 

substance, as well as high carbon content. The C/N ratio 

mostly stays at the level of 40:1 upwards, higher than the 

ratio suitable for methane fermentation. It is therefore called 

carbon-rich material. The anaerobic decomposition of such 

material is much slower than that of N-rich excreta material, 

and with a longer fermentation cycle. The dry matter content 

in C-rich stalk material is usually higher than that in N-rich 

material, and as its specific weight is smaller, it easily forms 

shadow region due to floatation, i.e. floating layer,  when it 

is input in methane tank. To increase the production 

efficiency and utilization rate of raw material, this type of 

material requires pretreatment before fermentation.  

2．Urban Organic Waste and Wastewater  
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This mainly includes human excrement, domestic sewage, biowaste, 

organic industrial wastewater, waste residue and sewage sludge.  

3．Aquatic Plant  

This mainly includes water hyacinth, water peanut, water lettuce and 

other float grass as well as alga. These plants have strong ability of 

utilizing solar energy, fast in breeding and efficient in production. As it 

bears fresh and tender tissue, and is easy to achieve anaerobic 

decomposition, it has the advantage of fast production and short cycle as 

methane material. However, aquatic plants like water hyacinth, water 

peanut and water lettuce carry air chamber in vivo; if it is directly placed 

in methane tank, it is easy to form floatation. Therefore, when it is used 

as methane fermentation material, it is preferably to place it into the tank 

after 2 days of air-drying or stacking retting.   

(II) Classification as per Material Form:  

1．Solid material like stalk and urban biowaste is solid, and contains 

higher dry matter content. These materials are mostly used for dry 

fermentation and pit-fill fermentation. In the rural area of China, stalks 

are also used as major start-up material in hydraulic-presser methane tank. 

It can make up the shortage of feces, decompose and produce gas in a 

tardy way; hence production peak period prolonged. But, it also easily 
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encrusts and settles in the tank, causing difficulty in discharging finished 

products.  

In China, quantity of total solids in raw material is commonly used as 

material unit to indicate gas production rate. And total solids of raw 

material can be further divided into: volatile solid and ash. Volatile solid 

refers to the volatilized part of total solids during high temperature 

ignition (Muffle Furnace, 550±20 �), which contains the content that can 

be practically transformed into methane, i.e. organic substance.  

2．Serofluid raw materials refer to excreta of human, livestock and 

poultry that are drained into cesspool together with purge water, and take 

the form of serum. The dry matter substance content in fresh excreta is 

usually about 20%, and 10% or so after mixing with water. Then can be 

mixed with solid raw materials for dry fermentation, and serve as 

principal raw material for hydraulic pressure methane tank in the rural 

areas of China. In addition, sewage sludge also belongs to this category.  

3．For organic wastewater like alcohol distillation waste liquor, yeast 

plant wastewater, antibiotic plant wastewater, bean products plant 

wastewater, soy source plant wastewater and pulp wastewater, they 

contain different quantity of protein, fat and carbohydrate, and serve as 

excellent raw material for methane production, even easier to decompose 

than natural organic substance. High-performance anaerobic digester is 
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usually used for processing, such as upflow anaerobic sludge blanket 

reactor (UASB) and anaerobic filter (AF). PIC115-118  

IV. Commonly Used Parameter of Controlled Conditions for Description 

of Marsh Gas Fermentation Course  

The general principle of fermentation engineering is adopting highly 

organic load rate as much as possible under normal condition, so as to 

obtain higher volumetric gas production rate. The commonly used 

parameters of controlled Conditions for description of methane 

fermentation course can be categorized as shown below.  

(I) Feed Concentration  

The expression unit of concentration includes VS mass fraction (%), TS 

mass fraction (%) and COD density (kg/m3). Feed concentration affects 

fermentation concentration; for different equipment, optimum 

concentration required is different. For instance, the currently advanced 

methane tank using industrial organic wastewater as raw material such as 

UASB and AF has a low requirement of material solid concentration, 

normally not exceeding 1%, and has no restriction on soluble COD 

concentration. For big-and-middle-sized methane engineering using 

industrial wastewater as fermentation material, the feed concentration is 

usually the concentration of wastewater per se, as adjustment of 
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concentration is not economically worthy. In Livestock and poultry farm, 

sometimes dilution or concentration measures are adopted due to 

different method of excreta collection.   

(II) Organic Load Rate of Methane Tank  

The engineering units for organic load rate of methane tank are 

CODkg/(m3.d), VSkg/(m3.d) and TSkg/(m3.d), i.e. the daily input raw 

material per unit methane tank volume. This index is an important 

indicator of methane efficiency. Only high organic load can produce high 

volumetric gas production rate.   

(III) Volumetric Gas Production Rate  

Volumetric gas production rate refers to the daily methane output per 

cubic meter (m3/ (m3.d). It is an important indicator to evaluate the 

efficiency of methane-generating pit. This indicator is calculated by 

dividing the daily gas production rate by the volume of 

methane-generating pit.   

(IV) Gas production rate by raw material  

This refers to the gas production rate per unit of fermenting raw material. 

It is calculated by dividing the daily methane output by the input quantity. 

For example: the daily methane output of a methane-generating pit is 
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3m3, and the daily material input is 10kg, then the TS gas production rate 

by raw material shall be 3/10=0.3(m3/kg). This indicator can be classified 

into theoretical gas production rate and productive gas production rate. 

The former one can be calculated in accordance with the chemical 

components of the raw material, while the later one is generally estimated 

or measured in accordance with the actual conditions.    

Methane output (E): E=0.37A + 0.49B + 1.04C 

CO2 output (D): D=0.37A + 0.49B + 0.36C 

A: Carbohydrate content per gram of fermenting raw material; B: protein 

content; C: fat content  

(V) Hydraulic Retention Time (HRT)  

This refers to the retention time of raw material in the 

methane-generating pit (unit: d). For the purpose of efficiency 

improvement, the lower value is always preferred, but if the value is too 

low, the fermentation process will fail owing to the loss of 

micro-organism in the methane-generating pit. Currently, in some 

high-efficient methane-generating pit using light-concentration waste 

water, the hydraulic retention time has been reduced below 12 hours. This 

indicator is calculated by dividing the volume of methane-generating pit 

by the volume of daily input. Since the volume of daily input can be 
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determined when the methane-generating pit is constructed, the volume 

of methane-generating pit will therefore depend on the hydraulic 

retention time. For example, a methane-generating pit has planned to 

ferment at 35℃, the input concentration will be 8% (total solids), the 

volume of daily input will reach 50m3, and the hydraulic retention time 

will last 20 days, then the volume of methane-generating pit will be: 

50×20 = 100 (m3).    

(VI) Organic removal rate  

This indicator refers to the capacity of the methane-generating pit in 

pollution elimination, and is calculated by dividing the difference value 

between input concentration and output concentration by the input 

concentration (%). Of course, the higher value will be preferred. However, 

excessively high organic removal rate will result in the reduction of 

organic loading rate and volumetric gas production rate.   

During the design of engineering projects, the following mathematical 

relations can be used:   

COD organic loading rate (kg/(m3·d))= input COD concentration 

(kg/m3)÷ hydraulic retention time (d) 

Volumetric gas production rate（m3/(m3·d)）= gas production rate by raw 

material (m3/kg)×COD organic loading rate kg/(m3·d)  
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V. Methane Fermentation Process 

Methane fermentation refers to the overall process of processing raw 

materials into methane by fermenting.  

Advantages of methane fermentation:   

1. Organic matter content in the residues decreases after methane 

fermenting  

2. After digested, residues turn into solid or fluid with little odor which 

do not attract flies or rats;   

3. The end product of methane, which is a clean and convenient fuel, may 

be produced;   

4. During the course of methane fermentation, weed seeds and certain 

pathogens are killed;    

5. During the course of fermentation, almost all fertilizing ingredients 

such as N, P, K, etc remain. Part of organonitrogen is hydrolyzed into 

ammonia nitrogen, which increases the quickly available nourishment;   

6. Fermented residues may be used as feedstuff;   

7. Through methane fermentation, reprocessed organic matters can save a 

large amount of energy wasted in the aerated digestion; and  

8. Oxygen-free active sludge is preservable for several months and needs 

no additional nourishment. What's more, it can be quickly activated when 

fed again;   
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Disadvantages of methane fermenting:   

1. Relatively complicated equipments and high construction investment 

needed;   

2. A high level of construction, management and maintenance is required; 

and  

3. Due to the slow reproduction of anaerobes, the technique requires a 

long pick-up time;   

(I) Processing condition and control of methane fermentation 

1. Temperature  

Methane fermentation may be carried out in a relatively broad range of 

temperature, and methane may be produced under temperature ranging 

from 4～65�. With the temperature rising, the methane production 

accelerates but without linear relationship. The temperature scope of 40～

55� is proper for the transition of thermophilic bacteria from mesophilic 

bacteria. Temperature between 50� and 55� is where thermophilic 

anaerobic bacteria are active, thus methane production is the fastest. For 

example, compared with fermenting 27 days under 30�, fermenting 90 

days under 10� can only produce 59% methane.  

A sudden change in temperature may exert great influence on methane 

production. As for medium- and large-size methane fermentation projects, 
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in particular constant temperature projects, temperature is an indicator 

that needs monitoring. When temperature fluctuation exceeds 5 degrees, 

gas production rate significantly lowers. If there is an excessive 

temperature change, the methane production will cease. For example, 

methane digesters that normally produce methane under 35� will hardly 

produce methane when the temperature suddenly lowers to 20�.  

2. Inocula  

Normal methane fermentation is completed by certain amount and kinds 

of microbes. The sludge that contains abundant methane microbes is 

called "inocula".  

Methane fermentation widely exists in nature. (Where do you think is 

abundant with methane fermentative bacteria？Why?)  

For example, sewage sludge, sludge at cesspit footing, sludge at the 

bottom of methane digesters, digested sera, etc will form ample microbial 

flora with rich organic substance and favorable anaerobic conditions.  

Lag phase will be greatly shortened by adding inocula to the methane 

digester with raw feed, especially for newly built methane digesters 

which, after fed for the first time, have not enough quantity and category 

of microbes. So, manual addition of inocula becomes a must. Inoculation 
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is particularly necessary when activating a methane digester with 

industrial sewage as the raw material.  

3. Anaerobic environment  

Methane fermentation needs to be done in anaerobic environment. The 

anaerobic degree is usually judged with oxidation-reduction potential 

"Eh". Eh is negative under anaerobic conditions. Severely anaerobic 

methane bacteria need Eh of － 300 ～ － 350mV, while some 

acid-producing bacteria can live normally with Eh of －100～＋100mV. 

In order to guarantee anaerobic conditions, it is necessary to build strictly 

enclosed methane digesters and ensure that they should not leak water 

and air.  

4. PH value of the feed liquid  

Methane bacteria requires a narrow scope of pH at around 7 and generally 

6.8～7.5 during the course of fermentation.  

Under normal conditions, it is a process of natural balance in methane 

fermentation and its pH needs no adjustment. Only with improper 

ingredients and management can a large amount of volatile acid 

accumulates and pH lowers. Adjusting measures include:   

 (1) To dilute the volatile acid of fermentation broth to increase pH.  

 (2) Add either plant ash or right amount of ammonia to increase pH.  
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 (3) Adjust pH with lime water, especially when the fermentation broth is 

too acid.  

5. Stirring  

In conventional digesters, fermentation broth is usually divided into four 

layers: scum layer, top clean layer, active layer and hypostases layer from 

the top down respectively.  

Purpose of stirring:   

1) To evenly distribute raw materials for fermentation, increase the 

contact surface between microbes and raw materials, accelerate methane 

production, enhance gas production rate, and improve the utilization of 

raw materials.  

2) To prevent the waterline plane of raw materials from incrusting, and 

help the produced methane release. Stover, weed and leaves are main raw 

materials for methane fermentation in the rural areas of China. And they 

need stirring even more to boost fermentation.  

3) Prevent partial areas from acid accumulating  

There are three ways of stirring:   

(1) Mechanical stirring: by installing impellers in the digester.  

(2) Air stirring: To extract methane from the top of the digester before 
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press it into the digester from the bottom to generate a strong air flow for 

stirring.  

(3) Fluid stirring: To extract fermentation broth from the feed 

compartment before bursting it into the methane digester from the feed 

head to generate a strong back flow of liquid for stirring.  

6. "C" of raw materials: N ratio and other nutritive materials  

The most suitable carbon-nitrogen ratio is 25:1 for microbes. Since 

microbial self-regulation is available for the carbon-nitrogen ratio of raw 

materials during the course of methane fermentation, there is a wide 

range of proper carbon-nitrogen ratio.  

According to numerous reports and experimental results, the 

carbon-nitrogen ratio of methane fermentation is appropriate at 20～30:1. 

When it exceeds 35:1, the gas production rate will usher in a dramatic 

decline. But other reports say that the carbon-nitrogen ratio of 6～30:1 is 

proper.  

7. Pressure  

Methane bacteria are adaptable to the hydrostatic pressure of about 40 

meters or higher. But they are extremely sensitive to pressure change. 

Thus, it is necessary to stabilize pressure under certain process.  
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When do you think pressure fluctuation may occur during the course of 

methane fermentation?   

Feed-in, feed-out and methane consumption lead to the change in digester 

pressure, which may inhibit the vital activity of methane bacteria. What 

should we do to avoid this?   

(1) Gas storage space should remain enough so that there will not be an 

excessive change of air pressure when methane is used;   

(2) The speed of feed-in should be consistent with that of feed-out. The 

volumes of fresh feed-in and flotsam expulsed should be the same; and  

(3) Large-scale methane digesters must be equipped with gas storage 

devices. For example, the methane digester with a separate float cover 

under popular use in the rural areas of China may be used to keep a 

constant air pressure.  

8. Additives and inhibitors  

A small amount of certain materials, when added to the methane digester, 

may significantly accelerate methane production. These materials are 

called "additives". A small amount of other certain materials, when added 

to the methane digester, may significantly restrain methane production. 

These materials are called "inhibitors".  
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There are many kinds of additives, including some enzymes, inorganic 

salt, organic matters and inorganic matters. For instance, by adding a 

certain amount of cellulose, methane production may be notably boosted. 

Methane production may increase by 17% by adding lanthanon (R2O5) 

with 5mg/kg. Proper addition of NH4HCO3 and other nitrogenous 

fertilizers may greatly improve the methane production rate of stalk. And 

a small amount of active carbon or peat coal or letting in hydrogen gas to 

the digester can significantly raise the output of methane.  

Inhibitors mainly include some kinds of metallic ion, salt, germicide and 

artificially synthesized compounds. 

(II) Types of fermentation 

Methane fermentation is a type of strict anaerobic fermentation, usually 

called anaerobic digestion from the perspective of waste processing. 

According to fermenting temperature, fermentation differential and 

fermentation modes, methane fermentation can be divided into following 

different types:    

(1) Based on fermentation temperature, it can be divided into 

"fermentation under natural temperature (fermentation under alternating 

temperature), mesophilic fermentation (around 35�) and hot fermentation 

(around 53�) .  
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(2) Based on fermentation differential, it can be divided into single-level 

(one-step) fermentation, two-level (two steps) fermentation and 

multi-level (multi-step) fermentation.  

1. Single-level fermentation  

It refers to the most common type of fermentation. Put it in a simple way, 

acid and methane are produced in the same device. Single-level 

fermentation is less ideal than two-level or multi-level one in respect of 

the treatment of BOD in waste; nevertheless, it is feasible from the 

perceptive of energy acquisition.  

2. Bi-level fermentation  

It is designed on the principle that two kinds of microbes regulate the two 

different levels of acid production and methane production. There are 

great difference between the two kinds of microbes in regard to 

physiology, nutritional need, growth and metabolic characteristics, 

environmental need and their sensibility to environment stimulation. 

Bi-level fermentation may greatly improve the decomposition efficiency 

of gas production and volatile solids, shorten the fermentation cycle, save 

cost including the cost of operation, and carry out waste disposal more 

effectively.  

(1) After raw materials of cellulose undergo chemical hydrolization (e.g., 
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using acid or alkali), they produce glucose of certain concentration, which 

is sent to acid digester for fermentation and acid production, or raw 

materials are directly fed to the acid digester.  

 (2) Add inocula: usually various active sludge or digester ejection.  

 (3) Maintain agreeable conditions for fermentation in the acid digester in 

order for the acid-forming bacteria to grow robustly and produce large 

amounts of volatile acid. Therefore, it is necessary to control pH at 

around 5.7 and not exceeding 6.0 at the most. The appropriate Eh is 

-240mV and temperature at around 22�. The increase in the cellulose 

density may lower pH and enhance acid production. Volatile acids such 

as acetic acid, propanoic acid, butyric acid, isobutyric acid, etc are 

produced as the fermentation products during this phase. Among them, 

acetic acid has the highest content.  

(4) Maintain suitable conditions for methane fermentation: A large 

amount of volatile acid produced by the acid digester is discharged into 

the methane digester. And pH is controlled at 7.4－7.5, proper Eh at －

330mv, and preferred temperature at 36�－37�.  

(5) Degassing  

(III) There are batch fermentation, continuous fermentation and 

semi-continuous fermentation on the basis of feed types.  
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1. In batch fermentation, the methane digester is filled up with 

fermentation materials and inocula at one time, without additional fresh 

materials half way, and feed-out at one time is realized after the methane 

production is completed. This method is often used for methane 

fermentation for raw materials with high solid contents, such as stalk, 

organic waste, etc, due to their inconvenience of routine feed-in and 

feed-out. Only the average value of organic load rate and digester 

methane production can be calculated for this method of fermentation. 

The methane production features little output at the initial stage, gradual 

increase later, then basically stable methane production, and gradual 

decrease in methane production before final feed-out.  

2. In continuous fermentation, predesigned raw materials are added to the 

methane digester for several times or continuously every day after the 

digester are full of materials and normally produces methane, when it 

discharge the same volume of feed liquid brought by fermentation. This 

method is usually adopted in medium- and large-size methane projects.  

3. In semi-continuous fermentation, fresh materials are added to the 

methane digester irregularly and without certain quantity after it normally 

produces methane. Feed-out is realized with indefinite quantity usually 

according to other factors (e.g., the need of fertilizer for farm land) during 
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the course of fermentation. This method is often used in methane 

digesters in rural areas of China.  

(IV) There are different names for methane fermenter in different areas. 

In rural areas, a methane fermenter is popularly called a methane digester 

while in urban areas it is often called an anaerobic digester, digester, 

fermenter, reactor, etc. According to the types of fermenters, there are 

conventional digesters, anaerobic contact technique, anaerobic filters, 

up-flow anaerobic sludge blankets, etc. The main difference among these 

kinds of fermenters lies in the ways of microbial residence and raw 

material flow. We will discuss about the digesters in the following part:    

1. Hydraulic-pressure-type methane digester  

Characteristic: Incorporate fermentation and gas storage in the same 

space with the lower part as the fermentation compartment and the upper 

part as gas storage compartment.  

Working principle: The gas produced in the fermentation breaks away 

from within water and gathers in the gas storage compartment where the 

pressure keeps on rising. Thus, feed liquid from fermentation is pressed 

into the water pressure compartment under the rising air pressure, and the 

water level rises in the water pressure compartment until there is an equal 

pressure formed under the water heads of air pressure and water pressure 

compartment and the fermentation compartment. The more methane is 
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produced, the greater the water level pressure becomes and so does the 

pressure. When methane is utilized, the air decreases in the digester and 

the feed liquid in the water pressure compartment returns to the 

fermentation compartment. In this way, water heads varies with gas 

production and utilization and remains at a balance with the air pressure 

in the digester.  

2. Float cover-type methane digester-a type of methane digester with top 

float cover  

2. Float cover-type methane digester----a type of methane digester with 

separate float cover  

Characteristics:   

1) Float cover instead of air boxes 

2) Constant pressure intensity for methane output, causing convenience to 

the use of methane burners; low pressure intensity in the fermentation 

compartment, reducing methane and feed liquid leakage.  

VI. Several problems existing in the operation of methane digesters in 

rural areas  

1. Fermentation mode: Mainly in the way of semi-continuous 

fermentation and there are two kinds of process flow based on whether 

stalk is used in raw materials or not----- methane fermentation with stalk 
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and methane fermentation without stalk.  

With Stover: cut short; stack retting  

2. Inocula:   

3. Fermentation temperature:   

4. Phenomena of fermentation inhibition  

Performance: a dramatic decline in gas production; there are white films 

on the surface layer of feed liquid in the water pressure compartment; 

poor burning of methane, sometimes hard to inflame, lifting flame is seen; 

when the feed liquid is stirred, acescency is smelt; and pH value of the 

feed liquid has lowered to below 6.8 when measured with test paper.  

Reasons:   

1) Over feed at one time, in particular of excessive chicken manure or 

human feces;   

2) Sterilized water enters the methane digester from shelters; and  

3) Too much antibiotic medicines contained in the feedstuff enter feces 

before they enter the methane digester to inhibit the microbial activity.  

Measures:   

1) Immediately stop feeding and find out the cause;   

2) Stir the feed liquid, then observe it for 1-2 days to see if it can restore 

by itself or not;   



 149

3) Fetch as much inocula as possible from other normal methane 

digesters and put it into the methane digester, and then stir the feed liquid 

and make it evenly mixed; and  

4) Restart routines  

5. The capacity of methane digesters in rural areas  

6. The safe use of gas  

VII. The design and construction of household methane digesters in rural 

areas of China  

In 1981, we organized the publication of  Collective Drawings of 

Standardized Type Selection of Household Methane digesters for Rural 

Areas (ZC - 813) ; in 1985, we published Standard Collective Drawings 

of Hydraulic Household Methane digesters for Rural Areas (GB4750 - 

84) , which promotes the integration of "round, small and shallow" (air, 

fertilizer and sanitary) for hydraulic methane digesters.  

(I) Basic structure  

(1) Feed inlet: Storage, mixing, measuring and input of fermentation 

materials; separation and pretreatment of raw materials; water seal for 

feed liquid and back flow after pressure relief; the intake of a simple 

stirrer;   

(2) Fermentation compartment: the main space for the production with 
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the anaerobic digestion of raw materials;   

(3) Gas storage compartment  

(4) Gas collection compartment   

(5) The sludge compartment: room for gathering anaerobic digesting 

sludge and parasitic ovum  

(6) Water pressure compartment: used liquid after discharge fermentation; 

gas transmission under water pressure; used liquid after storage 

fermentation; and  

(7) Shaft top of a methane digester: The entrance and exit for construction 

and maintenance and for a big change of materials.  

(II) Determination of design parameters  

During the operation of hydraulic methane digesters, the water closing of 

feed-in and feed-out compartments causes an closed anaerobic 

environment in the fermentation compartment, which enables the feed 

liquid fermentation and methane production, and the consequent gas 

storage with water discharge and gas use under water pressure. In such a 

repeated way, a dynamic balance is reached in the methane digester.  

1.Technological design parameter  

Mainly including the kinds of fermentation materials, the density of 

organic matters in raw materials, hydrodynamical retention period, 

organic load, methane production under certain digester capacity, 
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methane production of raw materials, etc.  

2. Civil design parameter  

1) Load;   

2) Strength of materials for digester construction;   

3) Subgrade bearing capacity;   

4) Maximum feed and minimum feed: Maximum feed usually equals to 

95% of digester capacity of the fermentation compartment and there is a 

height of not less than 200mm from the liquid level to the orifice of air 

duct. Minimum feed is usually more than 60% of digester capacity of the 

fermentation compartment and there is a height of more than 100mm 

from the liquid level down to the orifice of air duct.  

5) Gas storage; and  

6) Design parameter for gas transmitting and distributing system (see 

"Design code of household methane pipelines in rural areas")  

(III) Operational procedure  

Pay special attention to seal--tube, digester connection and water cover 

board  

Installation of feed-in tubes  

Installation of gas tubes  

Water cover board  

VII. Comprehensive utilization of the products of methane fermentation  
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(I) Material basis of the comprehensive utilization of methane (methane, 

methane slurry, methane residues)   

1. Raw materials for methane fermentation  

2. Products of methane microbial metabolism  

1) Methane 

2) Nutrient substance of crop plants  

3) Growth regulating substance  

3. Methane microbial thallus  

(II) Comprehensive utilization of methane  

1. Application in the vegetable production of vinyl houses  

(1) Use methane for the calescence and thermal insulation of the vinyl 

houses:  

23,000 KJ heat quantities will be released from burning of 1 m3 methane. 

This fact may be used to determine the methane quantity needed for the 

calescence and thermal insulation of the vinyl houses.  

(2) Use methane to provide CO2 gas fertilizers for vegetable vinyl 

houses.  

2. Sericulture with methane  

Methane lamps are used to provide light sensation to silkworm eggs and 
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warm silkworm rooms by burning methane, thus the incubation will 

speed up, silkworms birth rate will be higher, the breeding cycle will be 

shortened, and cocoon output and quality will be improved.  

3. To preserve freshness and store farm products with methane  

Working principle: By using the methane featuring high content of 

methane and CO2, extremely low content of oxygen, and innoxious 

methane, the gas composition will be regulated in the storage 

environment and the situation of high CO2 and low oxygen will be 

created. Thus, the respiratory intensity of garden stuff and grain will be 

under control, the basic material consumption will be reduced during 

storage, the worm, rottenness, disease and fungi will be controlled, and 

the period of storage will be lengthened and a good quality will be 

achieved.  

(III) Comprehensive utilization of methane slurry  

1. Application of methane slurry in plant production  

(1) Seed soaking with methane slurry: "Biologically active substance" 

and nourishment contained in the methane slurry as well as relatively 

stable temperature are used for presowing treatment of seeds.  

(2) Foliage spray with methane slurry  
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(3) Vegetable water planting with methane slurry  

(4) Dripping irrigation with methane slurry in orchards  

2. Application of methane slurry in fish breeding and poultry raising  

(1) Aquaculture with methane slurry  

(2) Pig raising with methane slurry  

(3) Chicken raising with methane slurry  

(IV) Comprehensive utilization of methane residues  

1. Used as fertilizers  

2. Function as nutrition pots: cotton's nutrition pots, maize's nutrition 

earth  

3.Used together with other fertilizers  

4. Growing mushrooms  

5. Earthworm breeding  
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Annex 14  

Price measurement for relevant products 
during economic analysis  
 

1. Quantity and price of fertilizers used in crop plantation  

The quantity of fertilizers used in crop plantation is subject to soil power, 

weather conditions, irrigation, target output, tillage modes, etc. The 

quantity and type of fertilizer utilization vary in different areas.  

(1) Maize  

According to relevant data, 2.57 KGS nitrogen, 0.86 KGS phosphorus 

pentoxide and 3.13 KGS potassium monoxide are to be absorbed from the 

soil for the production of 100 KGS maize. In general, the soil with mid 

power in Erdos can provide around 50% nitrogen and phosphorus as well 

as over 90% potassium. In Liangwai, farmers have sufficient organic 

fertilizers. When an output of 500-600 KGS is targeted, the fertilization 

mode of using around 1,500 KGS organic fertilizers, 50 KGS ammonium 

bicarbonate, 7.5 - 10 KGS diammonium phosphate and 10 - 10 - 15 KGS 

urea per mu (667m2) is recommended. In areas along rivers, irrigation 

causes the partial loss of nourishment. Furthermore, only a small amount 

of organic fertilizers are used. So, when an output of 600-750 KGS is 

targeted, the fertilization mode of using around 1,000 KGS organic 

fertilizers, 50 KGS ammonium bicarbonate, 15 - 20 KGS diammonium 

phosphate and 40 - 60 KGS urea per mu (667m2) is recommended. If you 
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want better harvest from low-power soil, the fertilization quantity needs 

to be doubled.  

(2) Potato  

Potato is fertilizer-loving and particularly sensible to organic fertilizers. 

According to relevant data, 5.00 KGS nitrogen, 2.00 KGS phosphorus 

pentoxide and 10.60 KGS potassium monoxide are to be absorbed from 

the soil for the production of 1,000 KGS potatoes. In general, the soil 

with mid power in Erdos can provide around 40% nitrogen and 

phosphorus as well as over 80% potassium. In Liangwai, farmers have 

sufficient organic fertilizers. When an output of 1250-1750 KGS is 

targeted, the fertilization mode of using around 2,500 KGS organic 

fertilizers, 50 KGS ammonium bicarbonate and 5 - 7.5 KGS diammonium 

phosphate per mu (667m2) is recommended. The same amount of 

fertilizers used in high-power soil enables the output to increase to over 

2,000 KGS.  

Market price and nourishment content in 2007: RMB0.65 per kilo and 

17% nitrogen for ammonium bicarbonate; RMB3.0 per kilo and 18% 

nitrogen & 46% phosphorus pentoxide for diammonium phosphate; RMB 

2.0 per kilo and 46% nitrogen for urea. High quality organic fertilizers are 

about RMB45 per ton (wet basis), which (pig manure) generally contain 

0.378% nitrogen, 0.355% phosphorus pentoxide, and 0.359% potassium 

monoxide. Human urine (fresh basis) contains 0.526% nitrogen, 0.087% 
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phosphorus pentoxide, and 0.163% potassium monoxide. Human feces 

(fresh basis) contain 1.16% nitrogen, 0.598% phosphorus pentoxide, and 

0.365% potassium monoxide.  

2. Water price and water consumption  

Water for residential use in Dongsheng is priced at RMB2.57 in 2007.  

Irrigation water of farmers and herdsmen is not commercialized. And in 

fact, water resource is used free of charge except water pumping fee. 

Water pumping is charged at RMB0.1 - 0.2 per ton in Liangwai, and in 

areas along rivers, it is RMB0.08 - 0.16. While in natural flow for 

irrigation areas along the Yellow River, it is RMB0.05 per ton.  

3. Prices of agricultural products in the experiment (per kilo)  

Maize RMB1.3 Yuan  

Potato RMB0.6 Yuan  

Buckwheat RMB1.8 Yuan  

Spinach RMB0.8-4.8 Yuan  

LIU Zhong  

November 18th, 2007  

 


