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I. INTRODUCTION 
 
Vietnam has a great potential for biomass and biogas with 118 million tons of 

agricultural by-products by rice, maize and sugarcane (rice husk, straw, cob, 
bagasse...). According to the General Statistics Office, the total volume of by-products 
in 2020 of the whole country is over 156.8 million tons, including: 88.9 million tons 
of by-products after harvesting from crops and agricultural processing. crop 
production (accounting for 56.7%); 61.4 million tons of cattle and poultry manure 
from the livestock industry (accounting for 39.1%); 5.5 million tons from the forestry 
sector (accounting for 3.5%) and about 1 million tons from the fisheries sector 
(10.6%).   

In the crop sector, after-harvest crop by-products from rice straw account for a 
large volume (42.8 million tons), corn stalks (10 million tons), vegetables and fruits 
(3.6 million tons), cassava stalks (3.1 million tons). tons), fake peaches (3.1 million 
tons) and others (6.1 million tons). By-products from the processing of agricultural 
products of the horticulture industry include: 8.6 million tons of rice husks, 3.5 million 
tons of bagasse, 1.4 million tons of corn cobs, 1.3 million tons of cassava husks and 
assorted another 2 million tons (MARD, 2021). 

In livestock sector, about 4.8 billion cubic metre of biogas per year extracted 
from over 500,000 biogas systems with the scale from 5 to 20 cubic metre. 

The forestry sector produces about 30 million m3 of logs each year, emitting 
3.4 million tons of bark, branches and leaves, and the processing process produces 2.4 
million tons of sawdust. These by-products are used for pressing tablets, industrial 
alcohol, biomass power generation, as a biological buffer for livestock, organic 
fertilizer, etc. 

Regarding fishery industry, in 2020, Vietnam has a total production of 8.4 
million tons, of which 3.85 million tons are exploited, 4.56 million tons are farmed 
and 1 million tons of raw materials are imported for processing. Particularly, by-
products in seafood processing are about 1 million tons per year. Currently, 90% is 
collected, put into processing, and made useful products.  

The amount of biomass generated from agricultural by-products has been 
reused to make animal feed, cooking, etc., However, the percentage of crop by-
products (peanut shells, corn stalks, rice straw, cassava stalks, soybean husks, 
firewood, etc.) collected and used accounted for only 52.2%. In which, the rate of 
using rice straw is only 56.3% (for the purposes of making raw forage for grazing 
cattle, as filler for livestock, as biological padding for livestock, as straw mushroom, 
root mulch for plants, lining fruits, etc.). Most of the remaining by-products will be 
burned that negatively affecting the environment. 

Biogas extracted from livestock was used for cooking and lighting, the rest was 
used for generators. However, most of the biogas system today do not meet because 
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the scale is too large livestock, this leads to an excess of biogas and improperly 
disposed manure resulting in an excess of biogas and untreated waste, discharged into 
the environment, serious impact on the environment. 

The potential of Vietnam's agricultural by-products can bring value up to 4-5 
billion USD/year, but in 2020 it will only reach 275 million USD. Therefore, it is 
necessary to have policies to attract businesses to collect, process and process 
agricultural by-products. In which, priority should be given to making high value-
added products, and then to the processing of organic fertilizers (MARD, 2021). 

Currently, Vietnam has a need to use about 11 million tons of inorganic 
fertilizers, with an average use rate of 1,000 kg/ha. However, the efficiency of using 
inorganic fertilizers is only 45 - 50%. In 2020, Vietnam has used 19.5 million tons of 
organic fertilizer, of which household production is the main, accounting for more 
than 16 million tons and industrial production is 2.3 million tons. The country's 
average use of organic fertilizer is about 1,431 kg/ha, of which the Mekong Delta 
region has a very low average, only 392 kg/ha. 

In order to turn 156 million tons of agricultural by-products into valuable use, 
MARD emphasized that in the coming time, the agricultural sector needs to focus on 
exploiting the full potential of advantages from agricultural by-products. It must be 
determined that agricultural by-products are not waste, but the output of one 
production sector will be the input of another production sector, bringing higher value 
and forming a circular agricultural chain (MARD, 2021). 

Facing that situation, the project "Promotion of biomass energy for agricultural 
communities and rural development in ASEAN region" was developed in Vietnam to 
make full use of agricultural by-products and biogas at large-scale farms, improve 
their value, biogas, and reduce negative impacts on the environment. 
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II.  CONTENTS 
2.1. Building a pilot model for livestock waste management, using renewable bio-
energy from the biogas system in tea production and processing in Anh Son - 
Nghe An 

- Collecting data, investigating, surveying, and evaluating the possibility of using 
renewable energy sources from the biogas system to replace traditional materials 
in tea processing in Anh Son – Nghe An. 

- Design and manufacture of tea drying equipment using gas from biogas systems 
- Building a model 
- Organize technical training, visit and study environmental management models 

for tea processing establishments 
2.2. The pilot model of using bioenergy to produce electricity to serve daily needs 
in dairy farms 

- Selecting a site for model implementation and data collection, investigation, 
survey, and evaluation of the inadequacies of biogas plants in livestock waste 
treatment. 

- Design models of biogas power generation 
- Pilot of using biogas to generate electricity in dairy farms 
- Training and propaganda  

2.3. The pilot model of using corncobs as fuel for drying agricutural products 
and living activities of households in Ha Giang province  

- Investigating the reality of maize cultivation and corncob utilization in Ha 
Giang province 

- Investigating the demand and reality of using fuels in daily life and production 
of households in Ha Giang province 

- Process of producing fuel from corncobs suitbale for households, household 
groups in Ha Giang province 

- Building models of producing fuel from corncobs and using the fuel in living 
activities and production in Ha Giang province 

- Evaluate the model's effectiveness 
- Applied technologies for the treatment of post-harvest corncobs 

2.4. The pilot models of using corn cobs for dry agriculltural products and 
fertilizers contributes to poverty reduction for farmers in Son La 

- Assess the current status of cultivation and use of corn cores in Son La.  
- Capacity building for farmer households to participate in the corn core biochar 

fuel and fertilizer processing system 
- Building a model to use corn cobs for drying agricultural products, as fuel and 

fertilizer suitable for farm households and household groups. 
- Building a biochar production model from corn cob gasification by-products 
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III. PROJECT IMPLEMENTATION RESULTS 
3.1. Building a model for livestock waste management, using renewable bio-
energy from the biogas system in tea production and processing in Anh Son - 
Nghe An 
3.1.1. Collecting data, investigating, surveying, and evaluating the possibility of 
using renewable energy sources from the biogas system to replace traditional 
materials in tea processing in Anh Son – Nghe An. 
3.1.1.1. Survey results from managers 
 In Hung Son commune, Anh Son district, Nghe An province, the project 
interviewed 5 staff who were involved in the management, guidance, and operation of 
biogas systems (biogas systems) in some districts and participate in implementing 
projects on biogas. The grassroots managers are currently working at the People's 
Committee of Hung Son commune, the results of the survey are highlighted in the 
following issues: 

- The survey results of the cost of building the biogas plant in the locality show 
that all households using the biogas works use their family's funds to build, and have 
not received support from the group. function. The biogas works are built mainly as 
Composite and KT1 

- Investigating the factors affecting the development of biogas in the locality, 
the results showed that the majority of respondents said that due to the lack of capital, 
the breeding scale was small and it was necessary to have the support of levels and 
organizations to develop local biogas plants. 

- For the livestock households that have not used biogas, the opinions suggest 
that they all need to install biogas plants due to the benefits that biogas brings, 
particularly in saving costs of fuel and sanitation. Improved environment, alternative 
energy, utilizing waste as fertilizer, saving time, stove free from smoke, convenient 
cooking, and reducing firewood collection 

- Surveying on the contents that need to be done to develop biogas in the 
locality, opinions suggest that it is necessary to constantly remind and supervise 
livestock households that pollute the environment, followed by enhancing 
propaganda. the effect of biogas on the loudspeaker of the commune and reward and 
encourage households to use their biogas, finally ask for support from the district and 
province. 
 
3.1.1.2. Survey results from biogas users 

General information about the survey 
In Hung Son commune, Anh Son district, Nghe An province, the project 

surveyed 20 households that had built biogas tunnels. The survey results are 
prominent in some of the following contents: 
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- Survey results on different types of biogas tunnels in the area show that there 
are 2 types of biogas tunnels in the survey framework, namely KT1 and Composite. In 
particular, composite tunnels are more popular with a rate of 65%. The size of the 
tunnels ranges from 7-18 m3, construction time from 2003 to 2009 

- The results of the survey on the level of people's satisfaction with the use of 
biogas tunnels showed that the cleanliness and convenience of cooking were approved 
by 19/20 people and accounted for the highest rate of 95%, followed by the criteria for 
improving pollution of housing and animal husbandry are accepted by 18/20 people, 
accounting for 90%, only 14/20 people agreeing to use waste for fertilizer 
replacement, accounting for the lowest rate. 70%. The above survey results show that 
most of the people using biogas in the survey framework are satisfied with using 
biogas, which will clean the environment and facilitate cooking. Biogas sludge is a 
good source of fertilizer and has not received much attention from people. 

- All interviewed households have never attended any biogas training. 
- The survey results on biogas use purposes show that out of 20 households, all 

interviewed households use biogas for cooking purposes; Besides, they use them for 
lighting (4/20 households make up 20%) and generate electricity (3/20 households 
make up 15%). 

- Survey results show that out of 20 biogas households, all the biogas users do 
not have problems with the phenomenon of gas stoppage, good gas quality, biogas is 
enough for the family. Leftover households dispose of excess gas by burning it 

- Surveying whether to use biogas or not, the results show that the majority of 
households use biogas (19/20) with the main purpose of fertilizing fields and fish 
ponds. 

- Surveying the impact of biogas plants on the surrounding environment, the 
survey results show that among 20 households using biogas plants, all think that the 
biogas plants contribute significantly to reducing odors. reduce pollution and insects 
such as flies, mosquitoes, ants, ... 

- Surveying the aspirations to expand the breeding scale of the households 
using biogas plants, the results showed that 10/20 (50%) of the households wanted to 
expand the breeding scale; the rest are not in demand due to the unlimited land area, 
not enough for expansion. 
3.1.1.3. Survey results from tea growing households 

In Hung Son commune, Anh Son district, Nghe An province, the project 
surveyed 20 households that planted tea. The survey results show that the area of tea 
growing households in the locality ranges from 0.5 to 5 hectares, of which mainly tea 
is for business, tea age is from 8 to 16 years; Some households also have construction 
tea, but the area is very small 

The results of the survey on the number of fertilizers used in tea cultivation, the 
results show that each hectare of tea needs chemical fertilizers at a cost of about 15 
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million, organic fertilizers at a cost of about 5 million, plant protection drugs with cost 
about 2 million and labor is about 24 million. 

In 1 year, the production households harvested 6 times and each time about 4-5 
tons of fresh tea. The total output is from 24-30 tons/year. 

The survey wishes to expand the tea growing area of households, the results 
show that 12/20 households wish to expand their tea growing area, accounting for 
60%; the rest do not want to expand because they think that the investment is too 
large, the weather is not favorable, causing many pests and diseases, affecting tea 
yield and quality. 

Out of the 20 surveyed households, 8 households process tea. Investigating tea 
processing methods of households, the results showed that most of the households 
processed according to the specialized method (7/8 households, accounting for 87.5%) 
with improved tea copying machines. 

For each ton of dry tea after processing, the amount of fresh tea needed varies 
from 3.5 to 6 tons depending on each batch of tea harvested. 

Surveying tea prices of producing households, most of the respondents said that 
tea prices are relatively stable, only a few comments that prices are still changing 
according to seasons. 
3.1.1.4 Overall assessment of the effectiveness of the Biogas system for households to 
use 

+ Economic efficiency of Biogas systems: 
Through surveys in livestock households, before building biogas plants, they 

all have to use fuel sources such as coal, wood, straw for cooking and drying tea; For 
livestock raising households with a large number of cattle, they are forced to buy fuel 
and the budget they have to spend is not small. When building and putting into use 
biogas plants with alternative biogas sources, most livestock households do not have 
to use this fuel source anymore. The gas source from the biogas gives a steady fire, 
generates high heat, and helps to cook quickly. Most households using biogas in the 
past have used other energy sources such as industrial gas, firewood. After the 
construction and installation of biogas, it is almost not necessary to use industrial gas, 
minimizing the use of firewood. According to calculations of households, the monthly 
reduction of the amount of money to buy fuel (gas) is from 130,000 to 240,000 VND 
depending on the time when gas prices go up and down. 

+ Evaluate the ecological environmental impact of Biogas systems: 
When biogas plants are applied to treat livestock wastes, it has a positive 

impact on the ecological environment, in particular: reducing the generation of waste 
from livestock, reducing diseases for Breeders and people living in the breeding area, 
reduce wastewater discharge into the surrounding environment, the landscape is more 
beautiful, the water quality of surface water, groundwater in the surrounding areas is 
also better. 
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Using biogas in hygienic cooking: does not sting the eyes, harm the lungs, 
cooking utensils, as well as the kitchen department, are clean and free of smoke. 

Wastewater after decomposition in biogas technology will reduce odors, do not 
see flies cling to destroy pathogens, especially parasites and other infectious diseases. 

+ Strengths of biogas: 
+ The biogas tunnel construction and operation technique is simple, suitable for 

regions with different natural and ecological conditions. Applying biogas in livestock 
waste treatment will minimize greenhouse gas emissions due to waste generated in the 
breeding process. 

+ Biogas's product is biogas - a non-traditional fuel source in Vietnam: meeting 
cooking and lighting needs, making cooking easier, cleaner, and at the same time-
saving time. 

+ Biogas/biogas technology is one of the solutions for the sustainable 
management of livestock wastes as well as domestic wastes in rural areas. Create 
clean renewable energy sources - limit deforestation, use fossil materials. 

+ Minimize biological agents that cause disease and disease transmission in 
livestock waste. 

+ Wastewater after biogas can be used as a food source of aquatic animals, 
algae, duckweed as food for livestock and poultry. 

+ Wastewater after biogas is a fertilizer source with good nutritional value for 
plants. 

+ Weakness of biogas: 
So far, Anh Son district in general and Hung Son commune, in particular, have 

not had any projects on biogas development of the State and international 
organizations to be implemented here. Biogas construction is developed on the 
voluntary spirit of the people. 

+ Biogas is mainly used for lighting and cooking, has not been exploited for 
more efficient purposes. 
Opportunities: 

* Fossil fuels are increasingly exhausted, the development of inexpensive 
renewable raw materials has always received the attention of the Government of 
Vietnam, international organizations, and NGOs operating in Vietnam. 

* Farmers' awareness of environmental sanitation is increasing day by day. 
3.1.2. Design and manufacture of tea drying equipment using gas from biogas 
systems 
3.1.2.1. Current technical status of tea drying in Hung Son commune, Anh Son 
district, Nghe An province. 

Surveying at some tea-making families in Hung Son - Anh Son, we found that 
most of the tea-making stages of the people were supported by machines and 
equipment. In the process of star-killing tea yeast, mainly used by local people are the 
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tea-drying staves which are operated by a drive motor, (the rotating roll of the tea star) 
and burned with firewood. According to the project research survey shows that people 
have to spend 3-5 labor per ton of tea material. The execution time for the production 
usually lasts from 10 am to 10 pm to complete all stages for 1 ton of tea material. 

About the quality of tea, star tea with firewood has the following 
characteristics: 

• Uneven quality depends entirely on the operator and operator 
• Tea into drinking water often contains dust from coal and ash during the 

drying process. 
• Finished tea is often overheated due to the inability to adjust the temperature 

according to the technology 
• The taste of the finished tea when drinking is often smoky 
• The finished tea has a slightly bitter taste due to the degradation caused by the 

drying process. 
• If using firewood, the fuel cost per kg of tea is about 6,000-8,000 VND / kg 

and must use 3-4 mortars to dry tea. In tea areas, the source of firewood often meets 
difficulties in the production process, requires a lot of storage, requires many 
warehouses for firewood. Besides, the amount of firewood being stored affects the 
food safety and hygiene for tea, causing mold and impurities in the finished tea if kept 
close. 
3.1.2.2. Design and manufacture of tea drying equipment 

Introduction of drum drying technique: 
Rotary drum drying is widely used in many fields, however, tea was only 

included in the research and experimentation from this project. Differences in 
different fields, different locations will have to apply different technology. Anh Son 
tea area is characterized by a mixture of concentrated husbandry and tea cultivation, 
so the amount of excess biogas from the breeding process is very much. The 
application of drum drying technique using biogas in stars - tea drying has brought 
people the following benefits: 

- About drying productivity: 
With a rotary barrel biogas star drying device, it can replace 03 manual star 

mortars, with the working productivity from 1.5-2 tons of raw tea/day and the number 
of operating workers reduced to 1-2 people. produce 1 ton of tea material. And the 
operator's job no longer has to grapple with the teapots. However, the capacity of 
machinery and equipment is not as large as in factories but suitable with the 
production capabilities and conditions of households. Since the application of modern 
equipment to tea processing, each family has reduced from 3 to 5 workers, cleaner 
products, eye-catching packaging, safe preservation, and consumer confidence. 

- About product quality: 
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Because the rotary barrel drying technique can control temperature, speed, 
time, so: 

• Tea quality is uniform, an operation is simple, requires no manpower, and 
requires skills and experience. 

• The finished tea drink is free of coal dust and ash during the drying process, 
the water is clear and has no strange smell. 

• Finished tea with equal color, no color difference between batches. 
• The taste of the finished tea when drinking is typical of tea, not bitter after 

drinking, and has a good taste. 
+ Design and manufacture indirect drying system: 
Drying is the process of separating water from the material to help the material 

avoid damage during storage. Under the industrial age, drying is considered a 
technological process that is widely used in many industries and agriculture. 

The separation of water and steam from the material is not just normal drying 
but is a technologically carefully calculated process to deliver a high-quality product 
after drying. At the same time, it should be a process with little energy consumption 
and low running cost. In the tea drying system, the drying agent is the air heated by a 
heat transfer tube, which is heated by biogas which is collected and compressed by a 
compression pump before burning. The gas is controlled inlet temperature to the 
drying chamber by the pump system. Then bring to the drying area to provide 
convection heat to the drying object. Due to the high temperature, the relative 
humidity of the drying agent is low. Some of the heat in the hot air heats the drying 
material, making it easier for the water molecules of the root drying material to escape 
and into the stream of the drying agent. When discharging this moisture, it is sucked 
out into the environment. Thus the moisture from the material is separated and 
released into the environment. The process of making the material dries out over time. 

Using this system one can perform with a large capacity, fast evaporation rate, 
short drying time, relatively good product quality (due to not too high temperature), 
inexpensive equipment, Simple and special onions that can use many different energy 
sources. Hence this is a method with good economic efficiency. (Details of the design 
are shown in Appendix 1) 

+ Principle of design of rotary barrel dryer: 
Roasted tea drier is usually at 250-3500C. The body of the furnace has a flame 

spray, put the dryer through the center of the oven, put the tea in the drying chamber, 
and then start. The motor pulls the speed down to the transmission sprocket to pull the 
drying barrel and has a lever to keep the barrel rotating when the drying is finished, 
the mixing chamber rotates 30-50 v / min. 

Roasting of tea in the barrel uses heat by biogas or using heat with gas 
Requirements for drying equipment: 
• Productivity 20 kg/batch. 
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• Heat by burning biogas 
• Tea after drying must be of high quality: evenly dry, not scorched, and do not 

change much of the chemical composition of the product. 
• The dryer must work well, be safe for the user, easy to assemble and repair, 

with high productivity and longevity. 
• Easy to operate without skilled workers. 
• Production cost is also relatively low, suitable for machinery and equipment 

in our country. 
With the requirements set out above, the design plan of a rotary barrel-type tea 

dryer will be selected. 
The design plan is as follows: 
The product is loaded in and out of the drum from the front door 
• The rotating barrel is made of steel that holds heat and is not locally 

distributed 
• While heat is applied the product requires continuous mixing in the tank to 

avoid scorching and uneven drying. This whole process will be monitored by 
temperature sensors and operators to ensure the quality of tea after drying. The 
rotating system should be operated by an electric motor with the required speed 
control 

• The material removal unit, the rotating barrel needs to be connected to the 
bracing system, capable of removing materials from the barrel as quickly as possible. 
Therefore, it is required that the vane unit sucks and removes the material in front of 
the inlet and the barrel rotation reverser to push the product out. 

• Heating parts: required to use burned with biogas and gas (when needed). For 
biogas, it is necessary to have a booster and a toxic gas filter, a corrosive gas for the 
gas stove. 

• Gas controller is attached to the temperature sensor system and the gas jacks 
to control according to the technology parameters 
3.1.3. Building a model: 
+ Building 03 models of tea drying on farm scale using the tea drying system using 
gas from the biogas system, capacity of 20kg /times 
+ Building 03 models of applying microbiological technology to treat waste after 
biogas as bio-organic fertilizer 
+ Building 03 application models of bio-organic fertilizers processed from biogas 
residues for tea plants 
+ Evaluate the model's economic, social and environmental efficiency 
3.1.3.1. Building a tea drying model on farm-scale with a tea drying system using gas 
obtained from the biogas system, capacity of 20kg / times.. 

Based on the results of a detailed survey on tea processing facilities' 
infrastructure, processing technology and drying techniques, and the preferences of 
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the processor and infrastructure in accordance with the applicable conditions. As a 
result of the project, the project team has built 03 models of tea drying on a farm 
household scale using the tea drying system using gas from the biogas system, 
capacity 20kg / Times, at households: 
1. Mr Vo Van Dong, Hamlet 3, Hung Son Commune, Anh Son District, Nghe An 
Province  
2. Mr. Hoang Xuan Truong, Hamlet 4, Hung Son Commune, Anh Son District, Nghe 
An Province 
3. Ms. Tran Thi Huong, Hamlet 4, Hung Son Commune, Anh Son District, Nghe An 
Province 

The team builds up a model of installation and test operation of 03 tea drying 
equipment, including: 01 rotary drying equipment and 02 tea flavor drying systems, 
project equipment using recovered gas from biogas plants. 
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 Materials are harvested according to the standards of “1 bud 2 leaf” spread and 
“1 bud 3 leaf” sprouts then wilting naturally on the floor with a clean canvas with a 
density of about 5 kg / m2, wilting time from 4 to 4. 6 hours under natural conditions. 
Tea is spread evenly, porous, covering the mesh surface with a thickness of 20 - 25cm. 
 When spreading the amount of tea at the top of the pots thicker than the inside, 
then turn on the fan to blow air through the tea layer with an axial fan mounted at one 
end of the tea cooler for 15 minutes, when the surface of the leaves is dry. over 
 During the wilting process, stir the tea once every 2 hours, turn it upside down 
for the first time, the next time to roll it up, increasing the level of withering evenly. - 
After tea is plasticized, the remaining moisture is from 74-76%, tea leaves turn yellow 
green, the process of wilting ends. 

- Destroying yeast 
 The temperature of killing yeast is applied in the range of 280-300oC, the 
killing time of yeast is 4-6 minutes, the appropriate moisture content of tea after 
killing the yeast is 59-63%, the tea after killing the yeast is cooled by a fan. This is the 
process of using the project's drying equipment (rotary barrel drying uses 50% of the 
gas recovered from the biogas reactor) instead of the yeast-killing device using 
firewood. 

- Crumple tea 
 Crushing to crush the cells of the leaves makes the tea fluid drain out of the 
surface so that after drying it will make the tea wings more shiny and after mixing the 
water, the tea shifts into the brewed water more easily. 
 Crumpling machine: crusher can be used  

- Preheating 
 Tea coming out of the crusher is pre-dried with the project's drying equipment 
100% of the gas recovered from the biogas reactor, the drying temperature maintained 
at 95-100oC, tea humidity after preliminary drying: 30-35%  
 Tea after pre-drying is spread on a clean floor to balance moisture for 30-40 
minutes. 

- Drying (indirect drying) 
 Tea is dried at a temperature of 70-800C until the remaining tea moisture is 3-
3.5%, the drying process uses the indirect drying equipment of the project instead of 
an electric drying system. 

- Bagging and storage 
 After drying tea is stored in dry, cool, and sealed conditions. Tea is cooled and 
preserved with tin-coated PE bags or laminated PE bags, then stored in PP bags. 
 Before being packaged, it should be checked for quality and re-dried. 

 
Table 1. The efficiency of rotary drum dryers and indirect drying equipment: 
Target Unit Biogas Others 
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model 
1. Fresh bud tea processing    
Fresh bud tea processing 2018 Kg 

 
152.455 

Fresh bud tea processing 2019 kg 93.650 82.000 
2. Dry tea processing output 

   
Dry tea processing output 2018 kg 

 
18.094 

Dry tea processing output 2019 kg 19.510 15.084 
3. The selling price of dried tea for 
processing    

The selling price of dried tea for 
processing 2018 

VND/kg 
 

42.000 

The selling price of dried tea for 
processing 2019 

VND/kg 73.000 57.000 

4. Revenue from processed tea 
   

Revenue from processed tea 2018 VND 
 

733.981.250 

Revenue from processed tea 2019 VND 
1.304.052.08
3 

817.565.625 

5. Tea production costs    
5.1. Tea production costs 2018 

  865.400.000 
wage VND 

 
615.000.000 

Cost of materials VND 
 

200.000.000 
energy costs VND 

 
54.000.000 

5.2. Tea production costs 2019 
 

479.208.000 871.098.000 
wage VND 295.020.000 512.692.000 
Cost of materials VND 178.708.300 204.154.000 
energy costs VND 5.500.000 45.252.000 
12. The added value of the whole 
model    

12.1. The added value of the whole 
model 2018 

VND 
 

131.418.75 

12.2. The added value of the whole 
model 2019 

VND 
824.844.083 153.532.375 

3.1.3.2. Building 03 models of applying microbiological technology to treat waste 
after biogas as bio-organic fertilizer: 

Survey results show that although husbandry in Hung Son is developed but 
fragmented, the whole commune has 01 centralized breeding farm with 6,000 heads of 
pigs. The survey results also show that most of the post-livestock waste is used 
directly for farming without any treatment, which leads to a potential danger to public 
health and the ecological environment. 
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To solve this problem, the project team has developed a plan to treat animal 
manure by composting method to create a safe bio-organic fertilizer with an 
ecological environment.. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1: Diagram of treating livestock waste into bio-organic fertilizer 
List of the model of livestock waste treatment:  
Mr. Vo Van Dong: Village 5, Hung Son Commune, Anh Son District, Nghe An 

Province (treatment volume of more than 20 tons of pig manure) 
Mr. Vo The Dung: Village 5, Hung Son Commune, Anh Son District, Nghe An 

Province (treatment volume of more than 20 tons of pig manure) 
Mrs. Phuc Thi Minh: Village 4, Hung Son Commune, Anh Son District, Nghe 

An Province (treatment volume of more than 10 tons of pig manure) 
The procedure is as follows: 

- Preparation of raw materials: The main raw materials for processing bio-
fertilizers are fresh pig manure collected from the barn, accompanied by nitrogen 
fertilizer, phosphate fertilizer, nitrogenous fertilizer, powdered lime, molasses or sand 
sugar and bio-yeast..  

Livestock waste 

Preliminary treatment 
 

Mixing  
 

Incubate 
 with mixing after 10-15 

days 
 

Quality inspection after 
30-35 days 

Fertilizers 

Microbiological 
 

N, P, K, C 
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- Prepare tools and labor tools: Prepare the following tools to do this job, 
including: 500 liter tank, water pump, water pipe (long enough to carry water from the 
water source to the processing place ); old bags and tarpaulins; and labor tools such as 
hoes, shovels, rakes and watering tools. In particular, the treatment needs 2 workers to 
divide 2 times to complete the job: 

+ Stage 1: It takes 2 workers to finish the compost pile 
+ Stage 2: After the first Stage about 15 days, it takes 2 workers to reverse the 

pile 
- Steps by steps 
 + Step 1 :  
The microbiological fluid used to treat 1 organic material is processed 

according to the following formula:  
Material Unit Net weight 
Microbiological products kg 0,2 
Urea or (NH4)2SO4 kg 0,5 
KCl kg 0,5 
Molasses * kg 5,0÷7,0 
Water Liter 10÷15 

In the absence of molasses, 1 kg of sugar can be used instead. 
The microbiological solution is processed in the following way: Mix the 

ingredients above into the container and in the following order: add molasses, urea, 
potassium to the water, mix to dissolve the urea and potassium, then process. to mix 
microorganism products 

+ Step 2: Fermentation 
The main material for composting is the initial moisture content of pig manure. 

This additional organic material should be processed to be same size (the smaller the 
better). Mixing ratio is about 20-30%, in the mixing process, add powdered lime to 
adjust pH.  

The formula for mixing: 
Material Unit Net weight 
Pig manure kg 1000 
Phosphate kg 5,0 
Molasses kg 5,0 

Use water can to evenly spray the microorganisms prepared in step 1 on 
organic materials prepared as above, then use hand tools such as hoes, shovels, mix 
well, use bags, old canvas or sheets. nylon covers the entire pile to keep moisture and 
temperature for the pile 

+Step 3: Tracking 
During monitoring, attention should be paid to the deflection of the pile, the 

temperature, the odor, the humidity, and the color. Especially during the period from 
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day 15 to day 18, it is necessary to check the compost pile regularly to reverse the 
compost pile.  

+ Step 4: Checking after fermentation 
About 15 days after incubation, we conduct an inspection of the pile, use a hoe 

to dig a deep hole into the center of the pile and notice that the pile is white on the 
surface of the material and the temperature of the pile can be up to 60. -700C has the 
effect of decomposing materials and destroying pathogens. At the same time, the 
compost pile is also lack of moisture (dry), so it is necessary to water more so that the 
water can evenly wet the pile. After that, gather the piles and cover them. 

+ Step 5: Mixing 
After checking for 15-20 days of incubation, remove the entire bag, canvas, 

plastic cover and proceed to mix the entire pile, mix and water enough to completely 
absorb the material. 

Once mixed, it is recommended to collect, load and step the ingredients into 
piles with a minimum height of 1 meter and cover them with plastic bags, tarpaulins 
and sheets like the first time. 

+ Step 6: Final check 
 When the total fermentation days are 45 - 50 days, check the compost pile to 
find that the ingredients are soft and crushed, the pile is no longer hot, it can be used 
to fertilize plants. 
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+ Quality evalution 
After completing the steps of handling pig manure, the project team took a 

sample of the manure after analysis. The quality of finished fertilizers is shown in the 
following table: 

Table 2: Fertilizer quality 
T
T 

Index Unit Mr Vo 
Van Dong 

Mr Vo 
The Dung 

Mrs Phuc 
Thi Minh 

QCVN01-
189:2019/ 

BNNPTNT) 
1 OM % 27,0 24,6 25,9 ≥ 15,0 
2 Asen mg/kg 1,05 0,98 1,02 ≤ 10,0 
3 Cadimi mg/kg 0,24 0,20 0,16 ≤  5,0 
4 Lead mg/kg 0,9 0,8 0,9 ≤ 200,0 
5 Mercury mg/kg 0,002 0,003 0,002 ≤ 2,0 
6 E. coli MPN/g Not 

detected 
Not 
detected 

Not 
detected ≤ 1,1 x 103 

7 Salmonella MPN/25g Not 
detected 

Not 
detected 

Not 
detected  

Not detected 

Comment: Nutrient content in organic fertilizers processed from pig manure 
meets the fertilizer standards according to the National Technical Regulation on 
fertilizer quality: QCVN 01-189:2019/BNNPTNT. 

  

Figuge 3: Composing process 
3.1.3.3. Building 03 application models of bio-organic fertilizers processed from 
biogas residues for tea plants 
a) Location 
Models are deployed in locations: 

1. Mr Vo Van Dong’s Tea garden, village 5, Hung Son Commune, Anh Son 
District, Nghe An Province 
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2. Mr Nguyen Canh Tung’s Tea garden, village 4 Hung Son Commune, Anh 
Son District, Nghe An Province 

3. Mr Nguyen Xuan Vinh’s Tea garden, village 4, Hung Son Commune, Anh 
Son District, Nghe An Province 
b) Results 

The effect of using bio-organic fertilizers on tea plants is shown as follows:: 
Productivity 
Results of monitoring tea productivity when using bio-organic fertilizers 

processed from biogas residues are presented in the following table.: 
Table 3. Productivity factor 

Material Unit Test mode Note 
Test model Original 

Length leaf*  
Cm 12,19 11,75 

LSD 0.05:0,43 
% Original 103,74 100,00 

Weight 1 
bud & 2 leaf  
 

Gam 1,60 1,53 
LSD 0.05:0,06 % Original 104,58 100,00 

Cone leaf 
density  

Cone 
leaf/m2 
canopy /year 

519,80 480,20 
LSD 0.05:40,4 
CV%:4,6 

% Original 108,25 100,00 

Productivity 
tons/ha 3,79 3,01 Productivity 

increases 
25,9% 

% Original 125,91 100,00 

* Values are averaging 3 times (months 5,6,8, and 10), each implementation of 30 con 
track; 

The data in the table above shows that: the growth indicators in the model using 
bio-organic fertilizers processed from biogas residues are higher than the control 
models with the confidence level of 95%; The actual yield obtained in the model using 
bio-organic fertilizers processed from the post-biogas residue was 3.79 tons / ha / 
year, 25.9% higher than the control model.. 

Tea pests and diseases 
Pests and diseases have a great influence on the growth, productivity and 

quality of products; The monitoring process of some common tea pests obtained in 
Table 7 shows the situation of pests and diseases on the lips using bio-organic 
fertilizers processed from biogas residue and the control has no significant difference. 
In fact, in the control model, there were aphids, silk beetles, red spiders and mosquito 
stink bugs that were slightly heavier, but still at the threshold, no control measures 
were required.. 
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Table 4. Tea pests and diseases on the model using bio-organic fertilizers 
processed from biogas residues and controls 

Content Leafhopper 
(number/plate) 

Bug 
(number/leaf) 

Blackwidow 
(number/leaf) 

Stink bug 
(%damages) 

April 
Model 0,00 0,00 2,67 0,4 
Original 0,00 0,50 3,00 0,6 
May 
Model 1,00 1,33 1,00 2,7 
Original 1,01 1,33 1,67 3,2 
July 
Model 1,01 1,33 1,33 3,0 
Original 1,33 1,33 1,67 3,6 
Quality of tea products 
Basically, there is no difference between the two models of using bio-organic 

fertilizers processed from biogas residues and the control. 
Tea products of the model after 2 seasons of processing, spring and summer, 

analyzing the residue level of heavy metals, the results obtained are shown in Table 8: 
Data in Table 8 shows that when analyzing and evaluating the levels of heavy 

metal residues in tea products in models such as arsenic, caffeine, lead and mercury in 
the spring and summer seasons, all heavy metals are above the level. safety allows in 
production. 

Table 5. Residue levels of heavy metals in the product 
Model Season Index 

Asen(mg/kg) Cadimi(mg/kg) Hg(mg/kg) Pb(mg/kg) 
Original Spring 0,015 0,003 0,003 0,31 

Summer 0,017 0,003 0,003 0,39 
New 

model 
Spring 0,017 0,005 0,002 0,31 

Summer 0,018 0,005 0,002 0,39 
Standard  1 1 0,05 2 
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Figure 3. The farmer running the test 
3.1.4. Organize technical training, visit and study environmental management 
models for tea processing establishments 

During the mission, up to now, the project team has built a technical training 
course on the technique of using biogas as fuel for the tea drying system with 30 
people and 1 class. training on biogas processing techniques for bio-organic fertilizer 
with a total of 3 participants and staff from tea processing establishments in Hung 
Son; and 01 training course: “Technical training on using bio-organic fertilizers 
processed from biogas residue for tea plants”  

The aim is to help trainees to raise awareness in agricultural waste management 
and treatment, and at the same time improve the efficiency and capacity of waste 
treatment and reuse waste products for livestock farms. farming, contributing to 
improving economic efficiency and improving the environment. 

Comment: Most of the trainees participating in the training are familiar with 
the process of treating livestock waste into bio-organic fertilizer. They are aware that 
the environmental management, treatment and reuse of agricultural by-products are in 
the right direction, not only minimizing environmental pollution, reducing waste 
treatment costs but also creating more economic benefits for themselves.  
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3.2. The model of using bioenergy to produce electricity to serve daily needs in 
dairy farms 
3.2.1. Selecting a site for model implementation and data collection, investigation, 
survey, and evaluation of the inadequacies of biogas plants in livestock waste 
treatment. 
3.2.1.1. Choose a location for the pilot implementation 
 In order to implement the project's model, the unit implementing the project 
model in coordination with the consultants involved in the project implementation 
surveyed and evaluated the selection of the location to deploy the pilot. On the basis 
of the implementation plan, the unit leading the pilot to coordinate professional 
consultants to build a set of criteria for selecting households to participate in the pilot 
as follows:  

- The scale of dairy farming in Moc Chau district is from 150 dairy cows or 
more; 
- Having medium or higher biogas plants; not using biogas for generator 
systems; 
- Ability to cooperate with the project in implementing the pilot; 
- Suitable for demonstration; visit and replicate the pilot; 

 Based on the given criteria, through field survey and assessment in Moc Chau 
district, Son La province, the project's model leader has identified and selected a dairy 
farm in Loi Tuoi Agricultural Service Cooperative, owned by Mr. Nguyen Thach Loi. 
 Loi Tuoi Agricultural Service Cooperative is located in sub-area 67, Nong 
Truong town, Moc Chau district, Son La province. Le Tuoi Agricultural Service 
Cooperative is a unit that produces and trades in many fields such as: cultivation and 
trading in agricultural materials and dairy cows. In which, dairy farming is the main 
business. The current status of the farm has 200 dairy cows in the business period. 
 Location of the pilot implementation: The dairy farm of Loi Tuoi Agricultural 
Service Cooperative, located in sub-area 67, Farm town, Moc Chau district, Son La 
province. 

- Size of the farm: The farm uses 200 dairy cows on the farm's total area of 10 
hectares; the farm is divided into separate areas in which the largest area is the 
grass growing area. Next is the dairy cow breeding area; office area. 
- The farm has separate waste treatment area including compost and compost 
area; wastewater treatment area by biogas system of HDPE tunnel with a 
capacity of 500m3. The waste treatment area is built next to the barn area to 
facilitate the process of collecting manure and treating wastewater. 

 Based on the selection criteria and survey reality, the unit in charge of the pilot 
of selecting a dairy farm of the Loi Tuoi Agricultural Service Cooperative as a place to 
perform the demonstration pilot. 
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3.2.1.2. Survey and investigate the environmental status in dairy farming at the pilot 
implementation site 
 Carrying out data collection, investigation, survey and assessment of the 
current environmental status at the project's plilot implementation facility, a dairy 
farm in Loi Tuoi Agricultural Service Cooperative, led by Mr. Nguyen Thach Loi. 
 Loi Tuoi Agricultural Service Cooperative is located in sub-area 67, Nong 
Truong town, Moc Chau district, Son La province. Loi Tuoi Agricultural Service 
Cooperative is a unit that produces and trades in many fields such as: cultivation and 
trading in agricultural materials and dairy cows. In which, dairy farming is the main 
business. The current status of the farm has 200 dairy cows in the business period. 
 Survey and assessment of the current state of environmental quality in dairy 
farms show that, basically the farm has invested quite methodically from livestock 
infrastructure to environmental treatment solutions. The environmental quality 
assessment at this facility is recorded as follows: 

Table 6. Evaluation of odor at the dairy farm of the Loi Tuoi Agricultural 
Service Cooperative 

No The location on the 
farm 

Odor Measures for 
environmental 
management 

1 Barn mild stench Regular cleaning 02 times a 
day (morning-afternoon) 

2 Office area mild stench Regular cleaning once a day 
(in the evening) 

3 Environmental treatment 
area 

stench 3-5 days to clean up once 

4 Grass growing area mild stench Not regulated 
 The assessment results show that, the effect of odors from waste sources in 
dairy farming at the facility is basically well managed. In the cow breeding areas, the 
barn cleaning is conducted regularly every day so the office area and the barn have a 
slight odor, which is suitable for cattle farms. 
 In the livestock waste treatment area including the manure warehouse, the 
wastewater treatment facility with the HDPE biogas system often has a stench, 
because this is a gathering area containing waste sources collected daily from in the 
camp's husband. 
 In the grass growing area, there is a slight odor caused by the use of wastewater 
after the biogas HDPE system to irrigate the grass. The use of this water is not regular 
7 days, watering once every 7 days, but because in the process of watering, this water 
still smells so bad when watering on the grassland still smells of cow manure. 
 The assessment of the wastewater quality of the farm showed that the source of 
wastewater for cattle breeding was generated from the cleaning of cows, barns, 
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feeding troughs…. Cow breeding wastewater contains a lot of cow waste, food chips, 
straw, rice husks in the barn. The farm's cow breeding wastewater is treated through 
the farm's 500m3 HDPE biogas plant system. All wastewater, a part of solid waste is 
put into this treatment system. The results of wastewater quality analysis after the 
HDPE biogas system are gathered in Table. 

Table 7. Waste water quality after the HDPE biogas plant at Loi Tuoi 
Agricultural Service Cooperative 

No Parameter Unit Level Vietnamese Standards 
62-MT:2016/BTNMT 

Column A Column B 
1 pH - 7,5 6,0-9,0 5,5-9,0 
2 BOD mg/l 1.506 40 100 
3 COD mg/l 2.543 100 300 
4 TSS mg/l 1.221 50 150 
5 N ts mg/l 745 50 150 
6 Coliform MPN/100ml 3,0 x 104 3000 4000 

 The analysis results of the above table show that the characteristic properties of 
cow breeding wastewater after the HDPE biogas plant system at the dairy farm of Loi 
Tuoi Agricultural Service Cooperative are as follows: 
 Cow breeding wastewater has a very high concentration of pollution, especially 
organic substances that make BOD and COD many times higher than the regulations, 
which directly affects the ecosystem if not treated. 
 Solids present in water prevent the water from becoming cloudy brown. If 
released into the environment, it will affect the water source and the growth of 
organisms in the water by reducing the amount of light shining into the water. 
 N nutrient has a very high concentration, causing eutrophication of water if 
discharged into the environment 
 In particular, harmful microorganisms in wastewater can cause diseases for 
humans and nearby organisms such as dysentery, typhoid, diarrhea, ... 
3.2.1.3. Analyzing and evaluating the current environmental situation at the 
establishment implementing the pilot 
+ The total amount of farm waste is calculated as follows: 

- T2otal amount of solid waste: 200 dairy cow’s x 15kg/head/day = 
3,000kg/day; 
- Total amount of wastewater: 200 dairy cow’s x 50 liters/head/day = 10,000 
liters/day; 

 Thus, according to calculations, the total amount of waste from dairy farming 
on the farm discharges an average of about 3 tons of fresh manure and 10m3 of 
wastewater. Calculated in a month, the amount of waste is cow dung about 100 tons 
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and 300m3 of wastewater. The total amount of waste discharged into the environment 
is about 400 tons per month on average. 
 Thus, the cause of the emission of odor and waste water not yet reached is due 
to the overloaded waste treatment system, the solid waste collection system and the 
waste water that have not reached the time of treatment in the biogas system and 
discharged. 
+ Regarding the current status of waste treatment facilities and biogas sources from 
waste treatment facilities on farms: 
 - The farm has invested in a separator system to reduce the load of manure and 
the biogas work system; separated solid waste is composted; All wastewater is treated 
by a 500m3 biogas plant system. 
 - The system of works was built for 3 years; however, the actual status of the 
biogas plant has deteriorated; many holes were punctured; The quality of the biogas is 
not stable. 
 - The whole amount of biogas generated a small part is used for cooking 
purposes on the farm; Most of the remaining gas is disposed of in the form of direct 
burning, causing waste. 
3.2.2. Design models of biogas power generation 
+ Design of generator house 
 Based on the field survey results, the pilot's design consultant cooperates with 
the farm owner to select the location of the generator and at the same time coordinates 
with the construction contractor, Construction Design Consulting Co., Ltd. and Dang 
Quang trade proceeded to design; Calibrate the technical parameters to build a 
warehouse and install generators and air purification systems. 

 
Figure 4. Generator house drawing 

+ Design models of biogas power generation 
 Design consulting in collaboration with chief consultant, environmental and 
consultant and waste management consultant; coordinating with the contractor of Thai 
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Ha Investment and Services Joint Stock Company to design and adjust technical 
parameters to build and design biogas generator models. 

 
Figure 5. Diagram drawing of biogas power generation pilot 

Design consultant coordinates with chief consultant, professional consultant to give 
the technical parameters to the contractor to design and make appropriate drawings. 

 
Figure 6. Overall drawing of biogas power generation pilot 

 Design consultant coordinates with chief consultant, professional consultant to 
give the technical parameters to the contractor to design and make appropriate 
drawings. 
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Figure 7. Model of biogas generation 

 Design consultant coordinates with chief consultant, professional consultant to 
give the technical parameters to the contractor to design and make appropriate 
drawings. 
3.2.3. Pilot of using biogas to generate electricity in dairy farms 
3.2.3.1. Improving and repairing the biogas plant system at the facility where the 
model is deployed. 
 Implementing the project's pilot, the unit in charge of implementing the pilot 
coordinates with the farm owner who is the basis of the project's pilot implementation 
to renovate and repair the biogas system. Appropriate to use biogas for generator 
systems. 
 The implemented work items include: 

- Coordinate with the farm to dredge the farm's old HDPE biogas plant with a 
capacity of 500m3. 
- Coordinate with the farm to re-fill the canvas to cover the 500m3 HDPE 
biogas plant. 
- Coordinate with the farm to re-weld the holes and complete to collect gas 
from the 500m3 HDPE biogas plant. 
- Coordinate with the farm to make the gas path from the biogas plant to the 
generator installation area and the living area. 

 The result of the activity is that after the renovation and repair of the biogas 
plant system at the Loi Tuoi dairy cow farm, it is back to operation; the ability to 
generate gas and the quality of the gas produced is good. 
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 Thus, in order to serve the implementation of the pilot, the unit in charge of 
implementing the project model has cooperated closely with the farm owner to carry 
out work contents such as repair, renovation to improve. quality of the farm's available 
biogas system to best serve the needs of gas supply for the next activities of the pilot 
3.2.3.2. Designing and manufacturing biogas filtration systems used for biogas 
generators 
 Design consulting in collaboration with chief consultant, environmental and 
consultant and waste management consultant; coordinating with the contractor of Thai 
Ha Investment and Service Joint Stock Company to design and adjust technical 
parameters to build and design biogas filtration systems used for generator systems.  

 
Figure 8. Design drawing of H2S filter element for biogas filter 

 Design consultant coordinates with chief consultant, professional consultant to 
give the technical parameters to the contractor to design and make ppropriate 
drawings. 
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Figure 9. Model drawing of the air and water condensing elements of the biogas 

filtration system 
 Design consultant coordinates with chief consultant, professional consultant to 
give the technical parameters to the contractor to design and make appropriate 
drawings. 

 
Figure 10. Detailed drawing of material thickness for the manufacturing of 

modules in the biogas filter system used for generators 
 Design consultant coordinates with chief consultant, professional consultant to 
give the technical parameters to the contractor to design and make appropriate 
drawings. 
3.2.3.3. Purchase a generator and install and operate biogas generator systems 
 The biogas power generation pilot is deployed at the Loi Tuoi Agricultural 
Service Cooperative, located at sub-area 67, Moc Chau farm town, Moc Chau district, 
Son La province. Based on the specifications for the biogas generator, the unit in 
charge of the bidding model for package 09 has selected the contractor to provide the 
generator system as the company. Global HC Investment and Technology Joint Stock 
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(Address: Lot 3-4, BT1 Area, Trung Van Residential Area, Trung Van Ward, Nam Tu 
Liem District, Hanoi) 
 Equipment system for biogas generation includes: 
+ Air filtration system: The air filtration system is made in Vietnam, made by 
domestic technology with the function of filtering H2S gas and water vapor in the 
biogas. 
+ Generator: The generator is invested in the model of the project under the brand 
name CAMDA / CHINA / KDGH-32G  
+ Ancillary equipment: gas pipeline; electrical wiring system; generator house; HDPE 
biogas work system with a capacity of 500m3. 
*/ Installation and commissioning 
 Installation and operation the generator system was installed on 10/01/2020 and 
operated continuously for an average of 7 -10 hours/day. 

 
Figure 11. Model biogas generator system of the project deployed 

 in Moc Chau - Son La. 
3.2.3.4. Evaluate the model's economic, social and environmental efficiency. 
 Generator system after being installed, calibrated the technical parameters such 
as: load division; load balance electricity consumption; Adjust the fuel gas supply and 
test and accept the equipment, then exploit and use. In the process of exploitation and 
use, we evaluate and analyze the economic efficiency of the pilot's using. 

Table 8. Analysis of the economic efficiency of the pilot 
Content Unit of measure Parameter 

Machine running time hour/day 10 
Efficiency of motor electric conversion % 30 
Engine heat conversion efficiency % 45 
Power output kWh/year 102,200 
Peak hour electricity prices VND/kWh 2.735 
Normal electricity price VND/kWh 1.500 
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Generator capacity kW 32 
Cost of generator VND 650,000,000 
Cost of supported equipment VND 148,000,000 
Total investment cost VND 798,000,000 
Generator depreciation time year 6 
Operating costs VND/kWh 23,940,000 
Fixed capital  124,311,502 
total cost VND/ year 148,251,502 
Electricity generation cost VND/kWh 1,451 
Total savings from biogas electricity VND/ year 131,265,498 
Benefit from electricity generation VND/ year 204,400,000 
Payback period years 3.9 
 The analytical results in the table show that, if an average, one day of 
electricity generation with a time of 10 h; a year the generator generates an average of 
102,200 kW / year. Calculating the cost of equipment depreciation, the cost of 
operation and maintenance will generate the average amount for 1kW of electricity is 
1,451 VND / kw. 
 On the basis of calculation, out of total costs including operating costs and 
depreciation, the capital recovery period is 3.9 years. 
3.2.4. Training and propaganda 
 - Organized 01 training course for farmers in Moc Chau district, Son La 
province on techniques of using biogas in production. 
 - Organized 01 workshop to summarize the implementation of the model on the 
use of biogas in electricity generation at livestock farms. 
 



 
 

31 

3.3. Model of using corncobs as fuel for drying agricutural products and living 
activities of households in Ha Giang province 
3.3.1. Investigating the reality of maize cultivation and corncob utilization in Ha 
Giang province 
3.3.1.1. The reality of maize production in Ha Giang province 

a) Maize area, yield and productivity in Ha Giang province 

The Northern midland and mountainous provinces including Ha Giang, often 
face drought and water shortage. So maize development is one of the measures to 
reduce poverty. Maize is a key crop that helps to increase food productivity and 
income for Ha Giang farmers. 

From 2015 – 2017, maize area in Ha Giang was quite suitable and ranged from 
53.71-54.80 thousand ha with the productivity of 185.21-186.49 thousand tons. In 
2018, the area of maize was 53.91 thousand hectares (accounting for about 30.7% of 
annual crop area) with the productivity of 192.13 thousand tons. Yen Minh and Dong 
Van districts had the largest area of maize (more than 7,0 thousands ha/year). 

The survey showed that the average area of maize per household was 3,850 m2. 
The number of households with the maize area of 2,000–4,000 m2 accounted for 50%. 
The percentage of households with the maize area of less than 2,000 m2 and more than 
6,000 m2 was 8 and 11%, respectively. 

Maize cultivation is mainly on upland fields. Only the small maize area grown 
by Tay people (13 households) is grown on farm land with the average area of about 
1.100 m2. 

Thanks to the application of many new maize varieties, especially hybrid maize 
varieties, maize yield was trending upwards from 3.40 tons/ha in 2015 to 3.56 tons/ha 
in 2018. The yield of maize was the highest in Quan Ba district (3.78 - 3.88 tons/ha) 
and the lowest in Bac Me district (3.09 - 3.28 tons/ha). Compared to other provinces, 
however, Ha Giang’ maize yield was still lower and only equal to 76.23% of the 
national average yield (4.67 tons/ha) due to difficult farming conditions on high rocky 
mountains, frequent drought and the cultivaiton of maize under total rainwarter. Only 
the small area of maize in the valley and lowland districts (Bac Quang and Vi Xuyen) 
was cultivated under irrigation.  

b) Maize cultivation techniques in Ha Giang 

* Sowing season: There are 2 maize crops in Ha Giang, spring crop (sowing in 
March - March, harvesting in June - July) and summer - autumn crop (sowing in July - 
August, harvesting in October - November). In particular, most of maize area is in 
spring on upland fields (160/250 households, accounting for 54%) due to lack of 
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irrigation water. Only the small area of maize is planted in summer-autumn crop 
mainly by the Tay. 

* Maize varieties: The exsiting maize varieties are quite diverse, including 
hybrid varieties, pure varieties and local varieties, but maily hybrid varieties. In 
particular, 84.4% (211 of 250 households) of the households are planting hybrid maize 
varieties. Only 2.4% (6 of 250 households) of the households are planting pure maize 
varieties and 13.2% (33 of 250 households) of the households are planting both pure 
maize and hybrid maize varieties. 

The source of maize varieties is also quite diverse from buying, self-breeding 
or both buying and self-breeding but mainly from buying. In particular, 247/250 
households bought maize varieties, only 03 households used self-breed varieties. 
Maize varieties including CP511 and CP989 were purchased at local markets (159 of 
250 households, accounting for 63.6%) or the stores of supplies (88 of 250 
households, accounting for 35.2%). The seed prices ranged from 85,000-105,000 
VND and depended on the time and place of buying the seed. 

* Tillage: The survey showed that 36% (91 of 250 interviewed households) of 
the households didn’t plough the tilth for planting maize due to the height and slope of 
upland fields with many alternationg rocks; 58.8% (147 of 250 interviewed 
households) of households ploughed the tilth and 4.8% (12 of 250 interviewed 
households) combined both tillage and non-tillage for maize cultivation. The tillage 
was mainly done by hands, buffalos or cows and machines. Of which, 26% of the 
households did the tillage by their hands completely (because of the slope of upland 
fields resulting in being unable to use machines, buffaloes or cows, and also because 
of their difficult economic conditions; 6.4% of the households only ploughed the tilth 
by buffaloes or cows; 14% of the households used both cattle and machines for the 
tillage; 33.6% of the households did the tillage with machines completely (mostly Tay 
people, their lowland fields are flat and less rocky).  

* Seed sowing: Sowing seeds directly into the soil is applied in most of the 
maize area in Ha Giang. A very little of the maize area uses the method of sowing 
germination seeds on trays or nursery soil before planting in the field. The amount of 
maize seeds is 15-30 kg per ha depending on each variety. Hybrid maize varieties 
have lower density than local maize varieties. The average amount of maize seeds per 
ha is 17 – 20 kg. 

* Fertilizer: Due to the low level of knowledge and intensive conditions, the 
amount of fertilizer for maize is very low, only meeting about 50-70% of the needs of 
the plant. Fertilizing for maize is only done 2 times by planting-dressing with manure 
and top-dressing with nitrogen fertilizer (100-150 kg/ha) and NPK (about 200 kg/ha).  



 
 

33 

* Tending of maize: Using pesticides in maize cultivation is applied by only a 
few households. Most farmers don’t use the pestisides for tending of maize. Weeding 
is done twice per crop (1 month and 2 months after sowing seeds). There is no 
irrigation in maize cultivation because of the difficult conditions of cultivation and 
lack of water sources. Maize farming is mainly under rainwater. Maize is the main 
crop, so visiting maize fields is carried out regularly, at least every 10 days. 

* Harvest and preservation: In the past, people in Ha Giang used to leave corns 
on the tree in the field to dry up and they only harvested corns when they had the 
demand of maize. At present, harvesting corns are done right after they are ripe. Corns 
are brought home by motorbikes or into baskets on the back, then dried on the yard or 
in the attic of the house or the kitchen. After drying, corns are stored in sacks or in the 
attic of the house or the kitchen. 

* Consume: Maize is mostly used in households for food needs (maize is the 
main food of H'Mong people) and animal feed. Due to limited awareness and local 
custom, however, there is about 20-30% of maize productivity utilized to brew wine at 
home. The remaining amount of corn is sold at the price of 4,500-5,000 VND 
depending on the time. 

3.3.1.2. The reality of corncob utilization in Ha Giang province 

According to statistics, maize production in Ha Giang province in 2018 reached 
at the area of 53.91 thousand hectares with 192.13 thousand tons. With about 25% of 
the corncob compared to grain, the output of corncob was about 48.03 thousand tons. 

The survey showed that all interviewed households collected corncobs after 
harvesting with an average amount of 375 kg per household. In households with the 
large area of maize, tons of corncob were collected.  

 After harvesting, maize is mainly preserved in corn ear. Then seeds are split 
little by little so corncobs are not collected simultaneously. Corncobs are mostly used 
as a fuel for cooking rice, food and animal feed, accounting for 78.4% of the 
interviewed households. In addition, corncobs are also utilized as fertilizer directly or 
burned to ash for fertilizer. It takes about 1-2 months for each household, even up to 4 
months for some households to use up the corncob. Currently, corncob is mainly used 
by directly burning or combining with firewood in traditional stoves with brick or 
stone tripod. There have been not improved stoves used yet. 

According to the opinion of farmers, corncob is a good fuel due to its 
availability, high heat and cheapness. Using corncob as a fuel helps them to save the 
cost and suitable to households’ economic conditions. However, the corncob also 
burns faster resulting in consuming a larger amount of fuel and smoking compared to 
the firewood. Currently, most of the interviewed households have had a high demand 
of corncobs.  
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3.3.1.3. Effective solutions for developing maize production and using corncobs in Ha 
Giang 

a) Solutions for developing maize production in Ha Giang 

Training and guiding techniques of maize production and cultivation, 
especially maize cultivation in sloping fields for farmers, will increase the area of 
maize that is implemented in proper techniques. Building production models of new 
varieties with high productivity and quality for farmers to study and serve as a basis 
for replication. Updating regularly the progress of varieties, fertilizers, technical 
processes, pest management, harvest and preservation to improve productivity and 
product quality. In each transfer places, there are trainers who regularly give farmers 
technical advices of new maize varieties. 

Adopting policies to expand the area of maize production applied with new 
technical advances through directing production, orienting farmers to products which 
are suitable to the market demand, expanding the area of new maize varieties with 
high yield, and restricting the cultivation of old local varieties with low yield; There is 
a mechanism in place to support maize growers in terms of seeds, fertilizers and 
farming techniques. Adopting mechanisms to support maize growers in terms of 
fertilizers and cultivation techniques. 

Building up the value chain of maize production; Looking for solutions to 
improve the value chain from production, post-harvest handling, storage and 
preservation, quality assurance, infrastructure and distribution, and strengthening 
producing maize in the direction of commodity; Encouraging and supporting 
individuals and organizations to buy and sell maize, such as facilitating loans, 
consulting and providing market information and production techniques. 

b) Effective solutions for using corncobs in Ha Giang 

Training techniques and raising farmers' awareness of effective methods of 
corncob utilization, especially using corncob as a fuel, meeting the demand of people 
in their daily activities. 

Adopting policies to provide farmers technical advances of using corncob as a 
fuel or using improved stoves that consume corncob effectively (less amount of 
corncob, less smoking…). 

Building models of using corncob as a fuel in living activities and production 
effectively, as a basis for replication in the province. 

3.3.2. Investigating the demand and reality of using fuels in daily life and 
production of households in Ha Giang province 
3.3.2.1. The demand and reality of using fuel in households in Ha Giang province 
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 The survey results show that firewood is a main fuel in households in Ha Giang 
province. In dry season, 215 of 240 households (accounting for 89.6%) only use 
firewood as a fuel, 11 of 240 households (accounting for 4.6%) use gas as fues in 
addtition to firewood. Only a small number of households use fuel as electricity or 
biogas. In rainy season, 209 of 240 households (accounting for 87.1%) only used 
firewood as fuel, 20 of 240 households (accounting for 8.3%) use gas in addition to 
firewood. The rests use electricity for daily life in addition to using firewood and gas 
as fuel.  

Most of households use traditional stoves with brick, stone or steel tripod for 
cooking. A few of households have had improved stoves but only for cooking animal 
feed. The majority of households haven’t utilized improved stoves yet. A small 
number of households have used gas or electricity stoves in addition to traditional 
stoves. 

Daily cooking time of households in rainy season is more than in dry season 
because firewood is used as a main fuel. In rainy season, fiewood will be moist and 
more difficult to burn than in dry season. In dry season, the average cooking time of 
households is 1.8 hours per day. Of 240 intergated households, 91 households 
(accounting for 37.9%) have cooking time less than 2.0 hours/day, 127 households 
(accounting for 52.9%) have the cooking time of 2.0-2.5 hours/day, the rest 
(accounting for 9.2%) have the cooking time more than 2.5 hours/day. In rainy season, 
the average cooking time of households is 2.0 hours per day. Of 240 intergated 
households, 76 households (accounting for 31.7%) have cooking time less than 2 
hours/day, 132 households (accounting for 55.0%) have the cooking time of 2.0-2.5 
hours/day and 32 households (accounting for 13.3%) have the cooking time more than 
2.5 hours/day. 

In addition, 202 of 240 intergated households (accounting for 84%) have used 
fuel for heating and bathing water, especially for heating in winter because the 
weather is very cold (the temperature is maybe less than 0oC). Due to all households 
are involved in agriculture, 100% of fuels from agriculture is used for daily cooking, 
from 2-3 meals per day. Of 240 intergated households, 105 households (accounting 
for 43,8%) cook 2 meals/day and 135 households (accounting for 56,2%) cook 3 
meals/day. The daily cooking time of Tay households is more than H’Mong 
households’. Most of Tay people cook 3 meals a day, while most of H'Mong people 
only cook 2 meals a day. In addition to cooking for people, households also cook 
animal feed once a day (very few households cook 2 times a day) and brew wine to 
serve the demand of the family or sell. 

The average daily amount of fuel used by households is 9.3 kg/household in the 
dry season and 9.8 kg/household in rainy seasons. The number of households 
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consuming 10 - 15 kg of fuel per day accounts for 43% in dry season and up to 49% in 
rainy season.  The number of households consuming less than 10 of fuel per day 
accounts for 55% in dry season and 50% in rainy season. 

The main fuel used by households is firewood. There are 234 of 240 
interviewed households (accounting for 97.5%) collecting firewood in the forest. Only 
6 of 240 interviewed households both buy and collect firewood in the forest. Few 
households get addititional fuel like firewood, dry leaves… from the garden, so there 
is no cost to buy it. Only a small number of households using gas stoves buy gas as 
fuel but the cost is less than 10% of household income. Currently, collecting firewood 
in forests faces many difficulties due to the policy of prohibiting deforestation and the 
contraction of the forest because of having been being exploited for many years. In 
order to collect firewood, people have to walk very far from home, about 1 – 6 km. In 
particular, the number of households getting firewood about 6, 5, 4, 3 and 1-2 
kilometers away from home account for 7, 32, 25, 14 and 22% of interviewed 
households, respectively. The average time for collecting firewood once is from 4-5 
hours, even up to 6 hours in some households. It takes households from 1-2 times to 
collect firewood every week. Many households have to collect firewood 3 times per 
week. Because the place to get firewood is far away from home, the road is difficult 
and takes a lot of time, so people who collect firewood are the main laborers in the 
family, children and the elderly are mainly involved in helping. 

 Due to difficult economic conditions and living habits, most of the households 
are middle, poor and near poor so they haven’t had separate kitchens. The kitchen is 
shared in the main house. Only 95 of 240 households (accounting for 39.6%) have 
separate kitchens with the main house. The use of fuel in the main house creates a lot 
of smoke and dust that greatly affects human health (especially the elderly and 
children). Therefore, the need to use fuels or stoves with less smoke and less fuel 
consumption of households is very high.   

Ha Giang is an agricultural province but the main income of households is 
cultivation. Among the surveyed households, there haven’t been any households using 
fuel to dry agricultural products. 

3.3.2.2. Proposing solutions for efficient use of fuel in daily life and production for 
households in Ha Giang province 

 Propagating and disseminating people to using environmentally friendly fuels 
such as biogas, biomass energy ...  

Transfering technical advances of using fuels in forms such as improved 
stoves, odorless coal, biogas cellar..., gradually changing people's perceptions, habits 
and habits in using forest trees as fuel. 
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Building effectively fuel-using models with new techniques for people to visit 
and learn, as a basis for replication in the province. 

There are policies to support people to use new fuels such as financial support, 
technological support ... 
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3.3.3. Process of producing fuel from corncobs suitbale for households, household 
groups in Ha Giang province 

The most reasonable model is to build a factory with a capacity of 500 
tons/year. Its products can be consumed locally. 

Material 

(Corncobs) 

 

Crushing the material 

 

Screening 

 

Drying 

 

Pressing into bars 

 

Storing 

 

Consuming 

3.3.3.1. Requirements of equipment 

A corncob processing machine is used to crush, dry and press corncob into 
artificial firewood. The machine is composed of the following 3 main parts: 

a) Crushing part 

The crushing part is used to crush corncobs with the moisture of 25-30% into 
pieces with the size of less than 5mm. It is also used to crush other agricultural 
residues such as corn stalks, peanut shells…In particular: 

- Capacity: 200-300 kg/h 

- Size (LxWxH) mm: 2.000x800x1.200 

- Motor: 3-phase voltage, 11kW, speed of 1.400 rpm 
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b) Drying part (aerodynamic form)  

The drying part is used to dry the piece after crushing and screening. In 
particular:  

- Drying to less than 14% humidity 

- Capacity: 300 kg/h 

- Support columns:  

+ 03 columns: with the diameter of 600mm, the length of 3m, 3mm thick steel 
plate. 

+ 05 columns with the diameter of 300mm, the length of 4m, 3mm thick steel 
plate. 

- Intermediate silo: Φ1500mm, 3m long 

- Raw material collection silo: Φ1500mm, 2.5m long 

- Material suction fan: Electric motor with the wattage of 7,5kW 

Crushing part Latch to open the 
working chamber 

Product outlet 



 
 

40 

 

c) Pressing part 

  

The pressing part is used to press the piece after drying into fuel bars. In 
particular: 

- 3-phase electric motor with the wattage of 22kW 

- Capacity: 180-250 kg/h, making up the fuel bars with the diameter of 50-
90mm 

- Size (LxWxH) mm: 2.000x1.000x1.000 

Press machine mould: inside diameter of 85mm, outside diameter of 105mm. 

3.3.3.2. Setting up equipment  

a) Surveying installation ground 

Preparing the ground for setting up equipment and included accessories: The 
ground is required to have a minimum area of 100 m2, the roof top height more than 
4.5m, no obstacles and hidden corners. 

The installation area is available with 3-phase electrical system.  

Planning the location for setting up parts of the machine. 
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b) Designing the ground for setting up parts of the machine 

Determining the location and area for setting up parts of the machine. 

Constructing a heating furnace 

Providing a 3-phase power supply to the electrical cabinet of the machine. 

Determining the location to contain the material of corncob and store the product 
of fuel bars. 

c) Setting implementation  

Setting up and testing the crushing part. 

Setting up and testing the drying part. 

Setting up and testing the pressing part. 

Matching the parts of the machine.  

Testing the operation of the machine and checking the specification.    

Vận hành thử nghiệm và kiểm tra các thông số kỹ thuật 

3.3.3.3. Producing fuel from the corncob 

a) Labor safety 

Preparing protective equipment for operators including protective clothing, 
gloves, helmets, shoes, 3-layer masks and goggles. 

Training the operators on labor safety and the process of operating the machine. 

Setting up and equipping explosion prevention system. 

b) Preparation 

Operating power: total electric power of the system is 45 kW, calculating power 
source and transmission wire. 

Raw material for heating furnace: firewood or coal, preferably coal. There 
should be a stockpile of the material to avoid interruption while the system is in 
operation. 

Corncob material: Screening corncob to discard harmful impurities for the 
machine such as concrete, brick, iron… 

Operators: 4 people for 1 working shift including 1 electric technician and 3 
workers for operating the machine and the furnace, and for transporting the material 
and products. 

c) Production 

Checking lubrication of bearings and loading chain. 
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Testing the loading motor for 1 minute to assess the stability before loading the 
material. 

Firing up the furnace and starting the material suction fan. Watching the heat 
meter in the temperature of about 3000C. Keeping the furnace temperature at about 
3000C.  

Putting materials into the crushing part, starting the screw conveyor system. 

Monitoring the output of drying system, checking the moisture content of the 
materials so that it is between 10 - 15% (possibly lower) to adjust the capacity of 
crushing machine accordingly.  

When the moisture of the materials after passing the drying system is under 
qualified standards, start the screw conveyor system to transfer the raw materials to 
the pressing machine. 

Products are packed into sacks or put into the storage. 

Note: 

Before the end of the work shift, turn off the crushing machine but keep the 
material suction fan on for 15-30 minutes to clean the drying chamber entirely. 

Turn off the furnace completely at the end of the work shift. 

Check and evaluate the motion transmission system in detail to detect system 
abnormalities and report that to the technical department.  

Lubricate the motion transmission system before entering the new work shift. 

3.3.3.4. Guide for equipment maintenance 

Making a maintenance plan for the equipment including the life of the 
equipment, the operating conditions, the operator’s operation…  

Always paying attention to the abnormal phenomena of the equipment.  

It is necessary to carry out regular inspection of the operation of the equipment. 

3.3.4. Building models of producing fuel from corncobs and using the fuel in living 
activities and production in Ha Giang province 

 After the survey, Vaas selected Phong Quang commune, Vi Xuyen district, Ha 
Giang province as the model location. Vaas appointed 02 experts, MSc. Nguyen Van 
Manh and MSc. Le Thi Anh Hong, in collaboration with the People's Committee of 
Phong Quang commune and the Farmers Association of Phong Quang commune 
organized a farmer meeting to find volunteers participating in the model. As follows: 

  - Number of participants: 50 people 

 - Organizing location: Lung Cang cultural house, Phong Quang commune 
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 - Organizing time: October 6, 2019 

 At the community meeting, Vaas experts introduced local authorities and 
farmer households the following: 

- Biomass energy, corncobs and current methods of using corncobs, efficiency 
of using corncobs as a fuel. 

- Information on the project "Promoting biomass energy for agricultural 
communities and rural development in ASEAN" and "Model of using corncobs as a 
fuel for drying agricultural products and living activities of households in Ha Giang 
province”. 

- Rights and obligations of households participating in the model. 

As a result, 50 farmers in Lung Cang village, Phong Quang commune 
volunteered for implementing the model. The agreement of setting a corncob 
processing machine for the model at Mr. Hoang Xuan Tinh's house was accepted. 

3.3.4.1. Setting the machine processing corncobs into fuel bars 

 In collaboration with Trang Thuan Loc Co., Ltd., two experts, MSc. Nguyen 
Van Manh and MSc. Le Thi Anh Hong, were appointed by Vaas to carry out setting 
the machine for processing corncobs into fuel bars at Mr. Hoang Xuan Tinh's house. It 
took 8 days to set up the machine with the following process: 

a) Investigating the installation ground 

Preparing the ground to put equipment and accessories. The minimum area of 
the site is required at 100 m2 with the height of the roof top > 4.5 m, without obstacles 
and hidden corners. 

Three-phase electric system is available at the site. 

Estimating the site to set up parts of the machine. 

b) Designing the ground to set up parts of the machine 

Determining the location to set up parts of the machine. 

Constructing a heating furnace. 

Providing three-phase power to the electrical cabinet of the device. 

Determining the site to contain corncobs and fuel bars. 

c) Setting up the machine processing corncobs into fuel bars 

Setting up and testing the grinding unit. 

Setting up and testing the dryer. 

Setting up and testing the presser. 
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Pairing the parts of the machine. 

Testing the machine and checking specifications. 

Taking over and handing over the machine to Mr. Hoang Xuan Tinh. 

3.3.4.2. Results of training the technology of producing fuel bars from corncobs for 
farmers participating in the model 

After setting and testing the machine successfully, Vaas cooperated with Trang 
Thuan Loc Co., Ltd. to organize training and transferring the technology to Mr. Hoang 
Xuan Tinh and farmers participating in the model. As the follows:  

- Number of training classes: 01 class 

- Number of participants: 20 people 

- Training location: Cultural house in Lung Cang village, Phong Quang 
commune 

- Training time: November 10, 2019 

Vaas’ experts and the company presented the theory to the farmers at the culture 
house and guided the practice at Mr. Hoang Xuan Tinh's house where the machine 
was set up, including: 

- Introducing the machine and its parts. 

- Introducing the procedure of operating and using the machine. 

- Practising operating and using the machine by the participants. 

- Instructing and supervising the operation process of the machine. 

- Instructing the maintenance of the machine. 

- Answering questions about the equipment and operating procedures. 

- Summarizing the training process. 

As a result, the farmers who participated in the model received and mastered the 
technology, operated and used the machine. 

3.3.4.3. Producing fuel bars from corncobs and using the fuel bars 

After being trained and receiving the technology, the farmers participating in the 
model conducted the trial of producing fuel bars from corncobs at Mr. Hoang Xuan 
Tinh’s house. In Phong Quang commune, Vi Xuyen district, Ha Giang province, the 
maize is usually harvested in September. However, the installation of the machine and 
technology transfer were carried out in November when the remaining corncobs were 
not much. Nevertheless, the model also produced fuel bars from corncobs and 
provided the fuel bars to households for trial utilization. The process of producing fuel 
bars from corncobs and the use of the fuel bars are as follows:  
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a) Collecting corncobs 

The model built a system to collect corncobs from the participants. After 
separating seeds, the corncobs were stored in each household. When the amount of 
corncobs reached at about 30 kg, they were collected and stored at the factory at Mr. 
Hoang Xuan Tinh’s house. The collection is carried out mainly under 2 forms: 

First, farmers bring corncobs to the factory themselves, then receive the fuel bars 
and pay the cost of producing the fuel bars. 

Secondly, the factory buy the corncobs of the farmers (the price of 500 
VND/kg), then sell the fuel bars to the farmers. 

In order to enable the participants to experiment with the fuel bars, however, the 
factory purchased additional corncobs from other households to produce fuel bars and 
then provided them to the participants for free. 

b) Producing fuel bars from corncobs 

Before being put into the machine to produce fuel bars, the collected corncobs 
were dried under the sun to make their dryness uniform. The process of producing fuel 
bars is as follows: 

Crushing corncobs 

 

Screening the corncob powder 

 

Drying the corncob powder 

 

Pressing the corncob powder into fuel bars 

 

Warehousing fuel bars 

 

Consuming fuel bars 
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Corncobs are crushed into the corncob powder. After being crushed, the 
corncob powder is transferred to the screening system to remove impurities. It is dried 
at the moisture less than 13% and then pressed into fuel bars. The process of pressing 
fuel bars is done with an electric pressing machine. When the temperature in the 
pressing machine reaches at 3000C, the corncob powder will self-stick without other 
additives and form fuel bars with a size of 40 – 50 cm in length and 5 – 8 cm in 
diameter. Then the fuel bars are stored in the warehouse and gradually supplied to the 
households participating in the model. The working capacity of the machine is 1.8 
tons per day. 

In addition to the corncobs, all substances containing cellulose can be used as 
materials for producing fuel bars such as sawdust, shavings, straw, rice hulls ... These 
materials are put into the mill. The substances less than 5mm in size such as rice husk 
and sawdust do not need to crush. 

c) Using the fuel bars produced from corncobs 

 In winter months of October and November, Ha Giang has no agricultural 
products need to be dried. The fuel bars are mainly used for household’s living 
activities such as cooking rice and food, brewing wine, cooking animal feed. 
 The advantages of the fuel bars produced from corncobs are catching fire 
easily, less smoking, shorter time of cooking, burning thoroughly and high heat. In 
terms of economy, the amount of the fuel produced from corncobs is 13% smaller 
than the amount of firewood. The heat of the fuel bars is approximately equal to the 
heat of the coal. Using the fuel bars helps to reduce the cost by 20 and 30% compared 
to the coal and firewood, respectively. 

3.3.4.4. Results of the conference visiting and evaluating the model 

To replicate and disseminate the results of the model, Vaas organized a visit to 
the model for other farmers in Phong Quang commune. As follows: 

- Number of visiting conferences: 01 conference 

- Number of participants: 30 people 

- Visiting location: The cultural house of Lung Cang village in Phong Quang 
commune and the factory at Mr. Hoang Xuan Tinh's house. 

- Visiting time: December 2019 

Vaas’ experts introduced the process of producing the fuel bars from corncobs 
and reported results of carrying out the model. The conference attendees also directly 
visited the process of producing fuel bars from corncobs and using the fuel bars in the 
living activities of households. The conference attendees evaluated the effectiveness 
of the model, and proposed to expand the model results, and wanted to use the fuel 
from corncobs. 
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3.3.5. Evaluate the model's effectiveness  

 The survey results showed that firewood is used as a fuel every day in 100% of 
households for their living activities. Of which, 31% of the households only use 
firewood, 41% of the households use additional gas, 17% of the households use 
additional agricultural by-products and 11 % of the households use both additional gas 
and agricultural by-products. The types of stoves used mainly in households are 
traditional wood stoves and gas stoves 

Every day, 100% of households use fuels to cook food for humans and animal 
feed because 100% of households raise cattles and poultry including pigs, chickens 
and cows. In addition, some households use fuels to boil water for bathing in the 
winter. 

 The survey showed that 34% of households cook twice a day (in the afternoon 
and evening), the rest (66%) cook 3 times a day (in the morning, afternoon and 
evening) with the daily amount of fuel consumption ranging 7 - 13 kg per household, 
the average amount of 10.8 kg firewood per household. 

 Due to living in the mountain areas surrounded by forests, 100% of the 
surveyed households go to the forest by themselves to collect firewood of dry 
branches. Of which, 45% of the households use only firewood collected by 
themselves, the rest (55%) of the households have purchased other fuels as firewood 
or gas. However, the expense of buying additional fuels is less than the total family 
income. Almost surveyed households have a good assessment on the fuels in use due 
to the low cost (76%) and suitable for households’ need (24%). However, if there is a 
choice of fuel in their house, 29% of households choose to use electricity and 71% of 
households choose to use gas because these fuels have less pollution, no smoke, no 
dust, quick and clean cooking. 

 Because the survey was conducted after building the model of producing and 
using fuel from corncobs, 84% of the interviewed people had heard of biomass 
energy, except the rest (only 16%). Of which, 50, 19 and 13% of the interviewed 
people heard about biomass energy through training, friends and relatives, and 
communication, respectively. 

After being heard about biomass energy, all interviewed people had the interest 
of it. In particular, the interest level of 75, 21 and 4% of the interviewed people was at 
quite, high and average, respectively. 

In the survey on eco-friendly fuels, 84% of the surveyed people have ever 
heard about them, except the rest of 16%. In particular, there were 50, 20, 13% of the 
surveyed people heard about eco-friendly fuels through the model’s training, from 
their friends and relatives, and through the media (newspapers, radio, television), 
respectively. 
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After being heard about eco-friendly fuels, the interest levels of 81, 15, 3 and 
1% of the interviewed people was quite high, high, average and low, respectively. Of 
which, 69% of the interviewed people think that eco-friendly fuels are suitable for 
their needs, except the rest of 31%. In particular, 100% of the interviewed people said 
that if the cost of eco-friendly fuels is equivalent to the price of firewood, they will 
use them. 

 After being heard and introduced about biomass energy and eco-friendly fuels, 
farmers in the commune have already known that they should use eco-friendly fuels 
because these fuels help to reduce environmental pollution and the dependence on 
fossil fuels with low cost. They are also good for human health, suitable for 
households with clear economic and health benefits. 

The efficiency of model using fuel from corncobs 

 The survey results showed that the model using fuel from corncobs introduced 
into Phong Quang commune was very effective. There were 94 percent of interviewed 
people had heard about the fuel from the corncobs except only 6 percent. Of which, 
54% of the people were trained on using fuel from corncobs. And then, these people 
propagated and introduced the efficiency of using fuel from corncobs to their relatives 
and friends (46%). 

 After being hearing and introducing about biomass energy, there were 47, 32, 
19 and 2% of interviewed people were quite, very, normal and little interested in 
biomass energy, respectively. 

 Of 100 survey participants, 50 people taking part in the model have been 
trained and introduced on producing fuel from corncobs; the remaining not taking part 
in the model haven’t been trained and introduced on that yet. However, thanks to the 
good communication from the model, 92% of survey participants have seen the model 
of using the fuel from corncobs in households, except the remaining of 8 percent.  

 After building the model, 58% of surveyed households have used fuel from 
corncobs, 48% of which haven’t used fuel from corncobs yet. There are 9, 28 and 25% 
of the households using the fuel from corncobs once, twice and three times a day, 
respectively. The fuel is mainly used to cook animal feed, boil water for bathing and 
cook daily meals in households. 

 After viewing and using the fuel from corncobs, there were 41, 58 and 1% of 
the households rated the fuel at very good, good and medium level, respectively. In 
comparison with firewood, 93% of the households said that the fuel from corncobs is 
better than firewood (51 and 42% of the households said that the fuel is little better 
and much better, respectively). Only 7% of the households said that the corncob fuel 
is equivalent to firewood.  
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 Regarding the heat of the corncob fuel in comparison with firewood, 90% of 
the households said that it has a higher heat than firewood (66 and 24% of the 
households said that it is higher and much higher, respectively). The heat of the 
corncob fuel is said to be equivalent to firewood by only 9% of the households and 
less than firewood by 1% of the households.  

Regarding the consumed amount of the corncob fuel in comparison with 
firewood, it was said to be lower, much lower, equivalent and higher by 85, 7, 7 and 
1% of the households, respectively. 

Regarding the cooking time of the corncob fuel in comparison with firewood, 
95% of the surveyed households said that it is less than (78% and 17% of the 
households said that it is less and much less than, respectively). It was said to be 
equivalent to and longer by only 3% and 2% of the households, respectively. 

 Regarding the smoke and dust of the corncob fuel in comparison with 
firewood, 68% of the surveyed households said that it is less than. It is said to be 
much less than and equivalent to firewood by 31 and 1% of the households, 
respectively. 

 Regarding the expense of the fuel from corncobs, 43, 39, 1, 15 and 2% of the 
surveyed households said that it is reseonable, low, very low, high and very high, 
respectively. In comparison with firewood, 38, 14, 47 and 1% of the households said 
that the expense of the fuel is lower, equivalent, higher and much higher, respectively.  

Finally, regarding the demand of using the corncob fuel, 100% of the surveyed 
households would like to use the fuel from corncobs.  

3.3.6. Applied technologies for the treatment of post-harvest corncobs 

 Corncob transportation is one of the major cost factors for using the corncob as 
a renewable energy source. Decentralized energy systems offer an opportunity to use 
biomass in meeting local energy requirements such as for cooking and generating 
electricity. The cost of collecting and transporting corncobs is the main obstacle in 
using them as raw materials for energy production and fuel. If the transport distance of 
more than 25-50 km is uneconomical, it is necessary to balance the use of different 
technologies, in accordance with local conditions and infrastructure to treat the 
corncob.  

Currently, many technologies have been applied in the world and in Vietnam to 
treat crop wastes (including corncobs) to produce organic fertilizers, fuel in the 
direction of low emissions, preventing environmental pollution. 

3.3.6.1. Producing fuel from corncobs 

Corncobs after being collected from households will be crushed, dried and put 
into the pressing machine to form corncob fuel bars. The process of compressing the 
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fuel bars will create a great force resulting in the density increase. Along with the 
addition of additives will increase the flammability and burn completely without 
harmful emissions. In addition to good combustion, high heat, less smoke and less 
toxic emissions, the production of fuel from the corncob also contributes to solving 
the problem of environmental pollution. It is high practical because the initial 
investment is not high, the material resource with low cost is available, and the 
machines and factories are simple and can be invested once but can be use for a long 
time.  

3.3.6.2. Producing biochar from corncobs 

 In the face of the demand for growing medium to plant different crops (orchids, 
lily…) and fuel with low-greenhouse gas emissions, biochar production technology 
has initially been focused and developed. In common, biochar is produced in the 
following methods:  

 - Burning and anaerobic incubation is the process of piling up post-harvested 
corncobs into a large cellar and burning with dry primer fuels, and covering the pile 
with powdered soil or fresh leaves to form charcoal. 

 - Husk incubation (smoked husks) is a popular way that farmers use by burning 
corncobs, pouring the rice husks over the husks and covering them with a layer of the 
ash. This method can be combined to cook animal feed, but if there is no measure to 
lose heat, the charcoal will also become ash. 

- Pyrolysis: During the production of biochar, the difference in temperature and 
organic material types will be related to the quality of the biochar. As the pyrolysis 
temperature increases, the proportion of charcoal, condensed liquid and asphalt 
gradually decreases (produced charcoal accounts for 30-50% of the material's weight 
at a pyrolysis temperature of 2800C and gradually decreases to 20-30% at the 
temperature of 8500C) and vice versa the amount of gas will increase from 20% to 
80%. The problem for researchers today is how materials and production technologies 
to make biochar effective in soil environment improvement and carbon storage at a 
reasonable product cost which can be accepted by the market. Thus, this technology is 
not suitable in the conditions of crop waste in the country due to the characteristics of 
the waste and the cost of creating a biochar unit. 

3.3.6.3. Using corncobs as a medium for growing mushrooms 

In Vietnam, the mushroom production technology developed in 1990 has taken 
the advantage of the post-harvest raw materials of agricultural production such as 
straw, rice straw, sawdust, corn cob ..., contributing to limiting environmental 
pollution. However, the mushroom production process uses a large amount of organic 
materials and also generates a huge amount of waste, which is also a potential risk of 
environmental pollution. 
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Corncobs are crushed or chopped as a substrate, and then mixed with some 
nutrients to grow mushrooms. After harvesting the mushroom, the substrate will be 
discarded. Chemical and physical criteria of the residue after growing mushrooms 
have been studied and analyzed. The results showed that the waste meets the standard 
conditions for composting. Growing mushrooms on corncob substrate both reduces a 
large amount of waste to the environment, and helps people to increase their incomes 
and reduce the poverty. 

3.3.6.4. Other technologies using corncobs 

Utilizing corncobs instead of coal can reduce environmental pollution by using 
a continuous corncob gasification system to convert fuel in solid form (corncob) into 
syngas with high calorific value and easy to use. This gasification furnace has 
replaced some types of direct incinerators using coal or corncob burning, providing 
heat for the corncob drying facility itself or other equipment that uses thermal energy. 
The cost of burning fuel is only about one third of that of a direct incinerator using 
coal. 

Recycling corncobs for animal feed, keeping cattle warm in cold weather; 
Desiccant and lining the barn floor help to decompose the wastes discharged by cattle, 
poultry and livestock. Tablets can also be used to sprinkle onto the soil surface to 
retain moisture and keep nutrients from fertilizing the plant.  

In addition, the corncob can be fermented to obtain ethyl alcohol or lactic acid. 
it is also mixed with concrete to make corncob-concrete with very light properties. 
The corncob is also used effectively in the fabrication of adsorbent for environmental 
treatment with low cost .. 

3.3.6.5. Proposing some solutions for using corncobs in Vietnam 

Researching and developing technologies to use corncobs as energy, fuel, 
fertilizer, ... in order to diversify the use of corncobs, to use them thoroughly without 
environmental pollution. 

Technical training for improving farmers' awareness of corncobs and effective 
use methods, especially in fuel production, to meet the needs of people in their daily 
life. 

Adopting policies to support technical advances in producing fuel from 
corncobs or to use improved cookstoves with the effect of corncob utilization, for 
farmers to apply. 

Building models of using corncobs as an effective fuel for the daily life and 
production, as a basis for replication. 
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3.4. Models of using corn cobs dry agriculltural products and fertilizers 
contributes to poverty reduction for farmers in Son La 
3.4.1. Assess the current status of cultivation and use of corn cores in Son La. 
3.4.1.1. Collecting corn production data in Son La province 

According to the survey, maize in Son La is planted in two main crops: 
summer-autumn crop on upland fields (planted from April and harvested in July every 
year), winter crop grown on the lands. riverside beaches. There is also the spring 
maize crop on the fields after the winter rice has been harvested. Despite the 
advantages of land and climate, maize production in Son La tends to decrease. 

Corn acreage increased sharply from 132.7 thousand hectares (accounting for 
11% of the country's area) in 2010 to 168.7 thousand hectares (accounting for 14% of 
the national area) in 2012, then the area decreased gradually, in 2017 only to 138.1 
thousand hectares (accounting for 12% of the country's area). 

Maize production also increased from 417.4 thousand tons (accounting for 9% 
of the whole country) in 2010 to 667.3 thousand tons (accounting for 13% of the 
whole country) but then decreased gradually, in 2017 it was only 559.8 thousand tons 
(accounting for 10% nationwide). 

The maize yield of Son La is lower than the national average, the yield in 2017 
reached 40.5 quintals / ha, only equal to 86% of the national average yield. 

Thus, maize acreage and output in Son La province has continuously decreased 
in recent years, and maize has reduced its role in the agricultural production structure 
of the province. The reason is that the selling price is not stable, some areas are 
abandoned or converted to planting fruit trees, sugarcane, galangal, and cassava. 
Through the survey, the maize growing structure in Son La province was determined 
as follows: 

- Upland land: 1 crop of summer-autumn corn 
- Riverside land: 1 winter corn crop 
- Rice field land: 1 spring corn crop 
- Upland land for wet corn cultivation: Spring corn - Summer-autumn corn 
To assess the status of cultivation and use of maize cobs in Son La in general 

and in particular Moc Chau district, we focus on assessing the factors such as: Drying 
agricultural products (maize, tubers, fruits ...) with the scale. handicraft and industry, 
maize farmers, maize traders, and state management agencies. 

Information is collected such as: (1) Inputs: Including the provision of maize 
seeds, fertilizers, pesticides, fuel, labor tools for farmers and human resources. (2) 
Production: From farming, harvesting to preserving techniques by farmers. (3) 
Procurement: This includes the process where traders buy maize from farmers and 
transport them to the drying kiln. (4) Processing: The process of corn factories or 
kilns. (5) Types of corn cob processing and processing: Including the drying of the 
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cob and the production of the cob into other products such as biochar coal, the coke 
compressed wood, or to make dense coal high. 

To assess the current status of maize cultivation and use and see the bottlenecks 
due to the lack of technology to overcome the current pollution caused by burning 
corn excess or local prices or policies. The following are the results of our survey to 
assess the current cultivation and use of our corn cob as follows: 
a) Inputs 

About maize varieties: Currently, there are many varieties of maize being mass 
produced in Son La province. The survey results in maize growing households 
showed that NK7328 was the most planted variety (80 households), followed by 
CP111 (83 households), NK66 (39 households), K66 (14 households), CP511 (10 
households), P515 (10 households), NK6523 (4 households), LVN154 and K54 (1 
household). Mainly grown, seeds are purchased from material stores with prices 
ranging from 110,000 - 125,000 VND / kg. However, in the same locality, farmers 
grow many different maize varieties due to different habits and experiences of each 
person, affecting the time to purchase commercial maize. 

Fertilizer: The percentage of farmers in the province currently using chemical 
fertilizers in cultivation is high (nearly 100%), the use of manure and microbiological 
fertilizers is limited, the abuse of chemical fertilizers gives rise to epidemics. damage 
to pests and diseases to maize, forcing the use of more and more plant protection 
drugs, causing biological imbalances, disrupting field ecosystems and complicated 
and difficult to prevent epidemics. At the same time, the efficiency of fertilizer use is 
still low because farmers still have the habit of fertilizing according to traditional 
farming practices, attaching importance to agronomic efficiency to achieve high 
yields, rather than attention to profitability and efficiency. Castle. This will increase 
the production costs and reduce the profitability of rice growers. 

Regarding pesticides: In recent years, the number and types of plant protection 
drugs used have also increased due to increased crop intensification, chemical 
fertilizer abuse, so the situation of pests and diseases has become more complicated. 
new and strange objects and diseases appear. In addition, the proportion of farmers 
mixing drugs according to technical instructions is very limited, mainly mixing 
medicines according to their own experience and according to the advice of 
acquaintances. At the same time, due to improper spraying technique, it leads to drug 
resistance, effective eye drug and leaves residue of pesticide higher than permitted 
level in rice grain. 

Thus, the maize variety use structure of farmers in Son La province is relatively 
good. Farmers have consciously used hybrids, high yield, good grain quality, 
interested in maize yield by using fertilizers and pesticides to prevent pests and 
diseases. However, heterogeneity in varieties in the production process, farmers 
overuse chemical fertilizers and pesticides in maize cultivation, the efficiency of using 
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chemical fertilizers is still low, not paying attention to fertilizing techniques. use of 
pesticides and use of pesticides as recommended by extension workers. 
b) Production 

In terms of area: According to the General Statistics Office, corn acreage 
increased sharply from 132.7 thousand hectares (accounting for 11% of the country's 
area) in 2010 to 168.7 thousand hectares (accounting for 14% of the country's area). 
2012, after that, the area decreased gradually, in 2017 it was only 138.1 thousand 
hectares (accounting for 12% of the country's area). 

Our survey results show that, compared to 2017 and 2018, the maize area of 
118 households remained unchanged, 82 households decreased slightly, 1 household 
decreased sharply, 5 households stopped planting and only 10 households increased 
slightly. It is expected that next year there will be 24 households to expand their maize 
acreage, 135 households to keep the same area, 68 households to reduce their acreage 
and 6 households will not grow maize. 

Regarding farming techniques: The percentage of farmers who have been 
aware of applying advanced and sustainable farming techniques to maize cultivation is 
low, this rate is not high because farmers are familiar with the technique. old 
cultivation, traditions, own experience, do not boldly apply new farming techniques, 
on the other hand due to the limited knowledge and capital of rice growers, the rate of 
mechanization is still low and unwilling. spend extra labor on adopting sustainable 
farming techniques. Of the 240 interviewees, all do not know but the knowledge and 
benefits of sustainable maize cultivation. 

Harvest and post-harvest: In Son La, planted maize is harvested in two 
different types. (1) The collection of trees is Autumn green trees (biomass maize), 
used for wet composting as feed for livestock, a short maize crop (about 70-80 days), 
so it can be planted 2 crops / year. (2) When collecting corn for seed, it takes a long 
maize crop (110 - 130 days), so most of the area can only grow 1 crop / year. 
Harvested maize will be mainly transported by trucks (63 households) and motorbikes 
(63 households), and rudimentary means such as trailers and baskets are rarely used. 

Regarding the maize drying system: The survey results show that 128 
households do not dry maize but directly sell to traders, 86 households dry on the 
field, 12 households hang on the field ... Thus, most of maize seeds are purchased. 
Even corn for drying, only a few farmers treat it by sun drying on the yard or along 
the road. However, the number of kilns in Son La province tends to decrease, and new 
kilns have not been built. The reason is that the area of maize grain has decreased, the 
area of wet corn has increased rapidly in recent years, the investment capital is large, 
while the price of corn has decreased, the output is not stable and the profit is low. 

Regarding maize preservation: Currently, farmers have not paid enough 
attention to the long-term preservation and preservation of maize. Right after harvest, 
they immediately sell fresh corn or dry maize to traders. Very few farmers have a 
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strategy of storing maize, waiting to sell at high prices after the harvest is over 
because they need money to spend, pay back the debt of materials and due to lack of 
drying yard, high cost of transporting home. 

In terms of production, farmers have consciously applied advanced technology 
in production, but the rate is not much.   
c) Acquisition 

Most of the farmer's corn output is bought by traders and transported to the 
kilns, then sold to companies and traders. Traders play a very important role in buying 
maize for farmers because it is very easy to buy and sell with traders. Traders account 
for a large number with diversified means of transport, at the same time, they are 
always in charge of drying and drying, going to remote and remote areas to buy maize 
to bring to private kilns. Flexible and flexible in determining prices and payment 
methods as well as methods of supporting farmers, experienced and very sensitive in 
terms of price, quality of goods, understanding of the locality, and psychology farmers 
and businesses. However, the problem raised here needs to have solutions to 
overcome the limitations in this linkage in order to contribute to creating a steady, 
stable consumption, keeping corn prices at a high level and making profits for 
farmers. , especially at the time of great harvest. 

About the enterprise's corn storage system: Currently, the system of storing 
maize for preserving and storing maize in Son La province is still inadequate, not 
meeting the demand. Besides, the above warehouses were built for a long time with 
outdated technology. 
d) The use of corn cobs in Son La 

With a large corn acreage, every year in Son La the amount of corn cob 
produced is very large. The corn kernel is used for many different purposes such as in 
the corn kiln, it is used as fuel for drying corn kernels, in households, it is used as fuel 
for domestic use (162 households). for animal husbandry (31 households) . However, 
all households have not used energy-saving stoves but still use traditional firewood 
stoves and do not know the biochar coal production technique from corn cob. 
e) Farmers' income producing maize 

Through surveying 240 questionnaires, we divide the household's income into 
the following levels: the low income category is <= 30 million VND / year; Average 
is 30 - 50 million VND / year; a fair amount of 50 - 80 million VND / year; High is> 
80 million / year. 

The results of the survey are as follows: there are 143 low-income households, 
46 middle-income households, 19 good-income households, and 25 high-income 
households. 

There are 43 households with better-off income, in which, the income from 
cultivation from 50% or more is 27 households, income from breeding from 50% or 
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more has 5 households. This proves that the revenue from cultivation accounts for a 
large proportion. 

Among 136 households specializing in maize cultivation, there are 11 
households with income from 50 million VND / year, accounting for 5% of the total 
240 households surveyed, so that income from maize brings negligible income in the 
total income of the household.  
3.4.2. Capacity building for farmer households to participate in the corn core 
biochar fuel and fertilizer processing system 

Organize training and technical training classes 

 
Organize training and publicity on how to 
use corn cob to reduce environmental 
pollution and save costs to increase the 
quality of agricultural products 

 
Farmers participated in capacity building 
training sessions in Tooc village, Dong 
Dang commune, Moc Chau district 

 
Farmers read the project leaflet and learn 
about the benefits of using corn cobs 

 
Project staff discuss with farmers about 
knowledge and techniques transferred to 
farmers by the project 
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Figure 12: Project poster 

Poster introduces the project, this is a gathering of publicity and capacity 
building that the project sends to local officials and farmers.. 
3.4.3. Building a model to use corn cobs for drying agricultural products, as fuel 
and fertilizer suitable for farm households and household groups. 
3.4.3.1. Investigate and survey the cultivation and care of maize in Moc Chau district 

a. Area, yield 

- In 2017, the total maize area in Son La province was 138,104 ha, yield 40.68 
quintals / ha, yield 561,853 tons, compared to the previous year, the area decreased by 
9.4% (14,338 ha), productivity increased. 3.5% (1.41 quintal / ha), yield decreased by 
6.2% (36,787 tons), cultivated area of maize decreased due to the increase in seed and 
fertilizer prices, product prices tended to decrease compared to other Last year, some 
areas were converted to other crops such as cassava, sugarcane; Special fruit trees, due 
to difficult investment in high-slope fields, land degradation and low productivity, 
have to be abandoned or rotated, some maize areas are affected by floods of 417 ha, of 
which there is no loss. 24 ha; productivity and output increase because people bring 
new varieties to high productivity and apply scientific and technical advances to 
production; intensive farming increases crop yields, 

b) Breed structure and season: 

- Breed structure: LVN 10, PAC699, CPA88, CP989, CP511, CP501, C, P, 
811, DK9901, DK9955, DK6818, DK6919, NK7328, NK6253, NK6101, NK6410, 
NK4300, NK6639, NK6410, B9689, Pioneer brand P4124, Pioneer brand P4311, 
Pioneer brand P4554, VN5885, Hybrid maize varieties 8639C ... to increase 
productivity, ... glutinous varieties: MX2, MX10, HN88, NH90, HN98, S2, VN2, 
VN6, Bach Ngoc ... 

- Seasonality: it is possible to plant crops of the year, but the area is 
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concentrated mainly in Spring-Summer and Summer-Autumn crop in the year.c. A 
general assessment of maize cultivation in Moc Chau district 

According to the reported data of Son La province in 2019, the maize area of 
Moc Chau district from 2015 to 2019 decreased by 5,820 ha, the yield increased by 
4.1 quintal / ha due to the large reduction in the area, the total output in 2019 
decreased by 16,070 tons compared to the previous year. with 2015.  

d. Results of the survey on maize cultivation in farmer households in Moc 
Chau district: 

During our survey on maize cultivation in Moc Chau district, we surveyed a 
total of 100 agricultural households, of which 16 were specialized in maize 
cultivation. The following are some of the results of the survey of the main criteria: 

• Household's income: The highest total income is 159 million VND / 
year, the lowest is 19 million VND / year. 

+ The rate of revenue / expenditure from profitable maize cultivation (+) is 
88%, the remaining 12% is unprofitable due to high cost and lower cost of maize. 

Of the 100 surveyed households, the households with over 50% of the income 
from maize are 37 households, accounting for 37%. 

Through the survey, there are 7 low-income households, 5 middle-income 
households, and 4 high-income households in 16 maize-growing households. Thus, 
income from maize contributes to improving household income. not tall. 

Comments: There are 16 households specializing in maize and animal 
husbandry, of which 5 households collect more than 50% from maize. In which, there 
are 4 households with income from 50 to 159 million VND / year. 

•  Farming techniques: 
- Spraying herbicides: 100% of households use herbicides and spray 3 times as 

follows: 1 time before sowing 1 month; 2nd time after planting 1 month, 3rd time after 
planting 2 months, 

- Weeding: about 30% of households clear grass before planting. 
- Fertilization: 
+ Chemical fertilizers: 100% of households use nitrogen fertilizer with the 

average rate of 35.7 kg / 1000 m2, while NPK fertilizer only accounts for 4% of 
households, organic fertilizer accounts for 9%. 

•  Pest control: 100% of households spray pesticides, spray 2-3 times and 
follow the instructions of pesticide trading establishments. 

• Productivity and cost: 
The average yield of 100 households surveyed is 6 tons / ha, the lowest one is 

only 3 tons / ha due to pests and bad soil, lack of irrigation water, the highest is 8.5 
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tons / ha. The price is from 2.5 - 3.2 thousand VND / kg of maize, corn sold in the 
field. 
3.4.3.2.  Constructing a maize drying model with a corn cob gasification furnace 

a. Organize a meeting to set up a group to voluntarily participate in the maize 
drying model by the corn cob gasification furnace (1 conference / day x 50 people / 
conference, all farmers + 3 officials in the field) 

After holding talks about the benefits of using corn cobs as agricultural drying 
fuel and techniques for collecting and drying them to standard dryness for ease of use 
and cost savings. A voluntary group has been established to participate in the maize 
drying model using a corn cob gasifier, a group of 50 people in Dong Sang commune, 
Moc Chau district. Mainly ethnic minorities of Thai and Mong ethnic groups. 

b. Implementation of the maize drying model by the corn cob gasification 
furnace (creation) 

- Organize training courses and training courses for 50 people in Dong Sang 
commune and Chieng Hac commune, Moc Chau district 

 

   

Organize farmer 
meetings to form 
voluntary groups 

 

Training in the use of corn 
cores to dry agricultural 
products using gasified 
stoves and gasification 
ovens 

Collect corn cobs for a 
variety of purposes 

3.4.3.3. Building models of fuel production from corn cob gasification by-products 
- Organize a meeting to establish a voluntary group to participate in the fuel 

production model from by-products of corn cob gasification furnace including 50 
farmers in Dong Sang commune, Moc Chau district 

- Implement the fuel production model from by-products of corn cob 
gasification furnace, train 50 people in Dong Sang commune, Moc Chau district. 

4.3.4. Building a biochar production model from corn cob gasification by-products 
a) Organize a meeting to establish a group to voluntarily participate in the 

biochar production model from by-products of the corn cob gasification furnace (1 
conference / day x 50 people / conference, all of them are farmers + 3 organizing 
staff). in the field) 
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b. Implement the biochar production model from the corn cob gasification by-
products (training,) 

   
Corn cores are collected 
and prepared to produce 
biochar 

The triangular bottom pier 
has a vent pipe to allow air 
to circulate. Light at the 
bottom of the triangle to 
burn the cob, then add the 
cob to form a large pile of 
2 - 3 m3 for 4-6 hours. 

After the cob gas turned 
black, spilled and watered 
to stop the burning, the 
biochar production was 
finished. 

3.4.3.4. Building maize cultivation model using biochar fertilizer 
1. Organize a meeting to set up a group to voluntarily participate in the maize 
cultivation model using biochar, a group of 50 people in Dong Sang commune, Moc 
Chau district. Training and training on sustainable maize cultivation techniques using 
biochar fertilizers. 
2. Results Implementing the maize cultivation model using biochar (2 crops, 10 
farmers per crop) 
a. Experimental setup 

The experiment was arranged in complete randomized block (RCB) with 4 
formulas, 3 replicates, the area of one experimental plot is 25 m2 (5 x 5 m). The total 
area of the test area is 500 m2, in which the experimental area is 300 m2, the 
protection spread is 200 m2. Experimental formulas include: 

 + FM1: Control: Apply NPK according to the reality of local people (local 
NPK). 

 + FM 2: 50% of local NPK + 10 tons of biochar / ha (830 kg biochar), 
equivalent to the NPK content: 66:66:86 

+ FM3: 50% of local NPK + 15 tons of biochar / ha (1,245 kg biochar), 
equivalent to NPK content: 98: 99: 125 

 + FM4: 50% of local NPK + 20 tons of mixed biochar / ha fertilizer (1,660 kg 
biochar), equivalent to NPK content: 131: 131: 166 

Local NPK: basal fertilization of 700 kg NPK 5: 10: 3: 8 Lam Thao, 200 kg of 
Phu My fertilizer and 100 kg of buffalo head potassium per 1 ha. Equivalent as 
follows 

   
Unit: Kg 
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Formula Fertilizer NPK 5: 
10: 3 Lam Thao 

Phu My 
Fertilizer 
46% 

Potassium 
Fertilizer 
Fertilizer 60% 

Biochar 
compost 

1 700 200 100 0 
2 350 100 50 10.000 
3 350 100 50 15.000 
4 350 100 50 20.000 

 
b. Results of case 1 of the model: 

Growth indicators 
Growth time: In all treatments, maize had a growth time of 114 days. Different 

fertilization methods did not affect the growing time of maize with 95% confidence. 
Plant height: Different fertilization methods did not affect maize plant height at 

95% confidence. 
Pest and disease infection level 
Pest and disease prevalence in all treatments was low. Pests were at level 2, 

diseases were at level 1, there was no difference between the treatments. 
Adding biochar fertilizer for maize (formula 3 (Applying 50% NPK as local + 

15 tons of biochar) and formula 4 (Applying 50% NPK as local + 20 tons of biochar) 
for plant status and maize is much better than the farmer's planting method (formula 1 
(applying NPK as local), control formula). 

The rate of rooting due to storms is difficult to accurately assess. 
Productivity and economic efficiency 
Formula 4 (Applying 50% NPK as locality + 20 tons of biochar) gives the 

highest yield (37.87 tons/ ha), formula 2 (Applying 50% NPK as local + 10 tons of 
biochar) for energy lowest yield (31.87 tons/ ha). 

Formula 4 (Applying 50% NPK as local + 20 tons of biochar) is the formula for 
the highest economic efficiency without labor, followed by formula 3 (Apply 50% 
NPK as local method + 15 tons of biochar compost), formula 2 and formula 1. 
c. Results of crop 2 model: 

- The tracking index of the height of corn plants is not much different 
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Figure 13: Plant height and corn stalk height index 

- The level of infestation with pests and diseases 
Table 9. Influence of the onset of fertilizers 

levels of pests and diseases and corn's ability to resist falling 

Part 
time 

Formula 
body 
falls 

Roots 
fall 

Pests Diseases Tree 
state 
(Points) 

Corn 
state 
(Points) (%) (%) (points) (points) 

Case 1 

1 0 58,3 2 1 4 4 
2 0 60 2 1 4 4 
3 0 60 2 1 4 5 
4 0 56,7 2 1 4 5 

Case 2 

1 0 0 3 1 4 5 
2 0 0 3 1 4 5 
3 0 0 3 1 4 5 
4 0 0 3 1 4 5 

There was no large difference in the prevalence of pests and diseases between 
the treatments. 

- Productivity and economic efficiency 
Net productivity 
   Comparing the actual yield of the formulas with each other, we find that there 

is a large difference between the formulas. Formula 4 (Applying 50% NPK as local + 
20 tons of biochar) gives the highest yield (37.87 tons / ha), formula 2 (Applying 50% 
NPK as local + 10 tons of biochar) for energy lowest yield (31.87 tons / ha). The above 
results show clearly the effects of different fertilizer levels on maize yield. The 
fertilizer level of formula 2 (Applying 50% NPK as local + 10 tons of biochar) 
decreased by about 4% compared to the control, the fertilizer level of formula 3 
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(Applying 50% NPK as local + 15 tons of fertilizer biochar incubation) increased 
about 4% compared to the control, the fertilizer level of formula 4 (Applying 50% 
NPK as local + 20 tons of biochar) increased about 15% compared to the control. 
Thus, different methods of fertilization have a clear effect in improving maize yield. 
d. Overall assessment of labor cost and economic efficiency through 2 maize crops 
using biochar fertilizer. 

- Adding biochar fertilizer for maize (formula 3 (Applying 50% NPK as local + 
15 tons of biochar) and formula 4 (Applying 50% NPK as local + 20 tons of biochar)) 
for the situation cutting plants and corn are much better than the farmers' planting 
method (formula 1 (applying NPK as local), control formula). 

- The formulas with Biochar fertilization increase the number of labors due to 
the need to collect materials, compost raw materials and use more fertilizer, the 
highest number of labors is formula 4 (Applying 50% NPK as soil method + 20 tons of 
biochar fertilizer) is 67 tons / ha, at least formula 1 (Apply NPK as locality): 47 tons.  

- Comparing the investment costs, formula 1 (Applying NPK as a locality) is 
the largest investment cost: 7,610,000 VND / ha, the lowest cost is formula 2 
(Applying 50% NPK as a locality + 10 tons of biochar compost): 5,070,000 VND / ha. 

- To calculate the efficiency on labor spent, formula 1 (Apply NPK as local) 
gives the highest efficiency: 471,300 VND / service 1, 534,900 VND / service 2, 
formula 2 (Apply 50) % NPK as local + 10 tons of biochar compost): 414,200 VND / 
worker. 
 Thus, we can recommend farmers: 1) for households with abundant labor 

resources and available biochar materials, fertilize according to formula 3 (Apply 50% 
NPK as + 15 tons of biochar fertilizer), formula 4 (Apply 50% of NPK as local + 20 
tons of biochar) because when fertilizing with this formula will take advantage of the 
family's labor, take advantage of Local agricultural by-products as fertilizer, reduce 
investment costs, increase income. 2) For households with little labor, agricultural by-
products are not available, apply formula 1 (Apply NPK as local). 
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IV. CONCLUSION AND RECOMMENDATION 
4.1. Conclusion 

Agricultural by-products and livestock waste, if not treated effectively, will be 
a source of environmental pollution and cause diseases for humans and animals. The 
biomass  

In the content of the project, there are 4 models of reuse of agricultural and 
livestock by-products (corn cobs, manure) that have been completed to produce 
valuable products (biogas for tea drying, power generation, corn cob gasification 
furnace, biochar, organic biological fertilizer); significantly improve income for local 
farmers. Applying those models helps to solve environmental pollution from 
agricultural production; agricultural product processing facilities, livestock that meet 
all conditions on environmental protection.  

Besides, the project also has a positive meaning in building a sustainable, 
environmentally friendly agriculture and improving the quality of life. Thereby 
attracting a large amount of human resources to help develop the economy, society 
and national security 
4.2. Recommendation 

Based on the effectiveness of the project's models to expand to regions and 
localities which have similar conditions as Vietnam, ASEAN countries and around the 
world. 



 
 

65 

REFERENCES 
1. Bùi Văn Ga, Trương Lê Bích Trâm, 2007, Thử nghiệm khí sinh học trên động cơ 

xe gắn máy, Tạp chí Khoa học và Công nghệ, Đại học Đà Nẵng, số 1 (18), 2007, 
pp, 1-5,  

2. Chu Thị Thơm và cộng sự, 2006, Kỹ thuật canh tác trên đất dốc, NXB lao động. 
3. Ngô Hữu Tình (1997), cây ngô, NXB Nghệ An. 
4. Nguyễn Đăng Nghĩa, 2014, Vai trò của than sinh học (biochar) sản xuất và ứng 

dụng hiệu quả than sinh học - báo cáo phân tích xu hướng công nghệ. Trung tâm 
Nghiên cứu Đất - Phân bón Viện Thổ nhưỡng Nông hóa Việt Nam 

5. Phạm Công Trí, 2018, Giới thiệu than sinh học (Biochar). Trích dẫn ngày 
15/09/2018 tại trang web: http://wasi.org.vn/phan-1-gioi-thieu-than-sinh-hoc-
biochar/ 

6. Phạm Thị Sến và cộng sự, 2015, Canh tác ngô bên vững trên đất dốc ở miền núi 
phía Bắc – Viện khoa học kỹ thuật nông lâm nghiệp miền núi phía Bắc 

7. Trần Văn Hiến, 2010, Cây ngô – điểm tin chọn lọc. Trích dẫn ngày 15/09/2019 
tại trang web: http://cayluongthuc.blogspot.com/2010/02/cay-ngo-iem-tin-chon-
loc.html. 

8. Wikipedia, 2019, Ngô. Trích dẫn ngày 15/09/2019 tại trang web: 
https://vi.wikipedia.org/wiki/Ngô. 

9. Erwin H, M Dirkse, 2006, Biogas desulphurisation using the DMT multiple 
stage sulfurex process, DMT Environmental Technology BV,  

10. Gadre, R, V,, 1989, Removal of Hydrogen Sulfide from Biogas by 
Chemoautotrophic FixedFilm Bioreactor, Biotechnology and Bioengineering , 
Vol,34 No,3 pp,410-414 ref, 39,  

11. Horikawa, M,S,; Rossi, M,L,; Gimenes, M,L,; Costa, C,M,M, & da Silva, 
M,G,C,, 2004, Chemical Absorption of H2S for biogas purification, Brazilian 
Journal of Chemical Engineering, Vol, 21, No, 3, July-September 2004, pp, 415-
422, 

12. Chambers A, K, and Potter I, 2002, Gas utilization from sewage waste, carbon 
and energy management, Alberta Research Council,   

13. Papurello D, Silvestri S, & Lanzini A, 2019, Biogas cleaning: Trace compounds 
removal with model validation, Separation and Purification Technology; 210: 
80–92, 10,1016/j,seppur,2018,07,081, 

14. Papadias D, D, & Ahmed S, & Kumar R, 2012, Fuel quality issues with biogas 
energy–An economic analysis for a stationary fuel cell system, Energy; 44(1): 
257–277, 

https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Biotechnology+and+Bioengineering%22


 
 

66 

15. Petersson A, 2013, Biogas cleaning, Book Chapter in The Biogas Handbook- 
Science, Production and Applications (Chambridge: Woodhead Publishing Ltd) 
pp 329-341 Ryckebosch E, Drouillon M, Vervaeren H, 2011, Techniques for 
transformation of biogas to biomethane, Biomass and Bioenergy; 35(5): 1633–
1645, 10,1016/j,biombioe,2011,02,033 

16. Shivanahalli K Rajesh & Navadol Laosiripojana, 2002, Comparative study of 
desulphurization of Natural gas and biogas by using activated carbon & ZnO for 
SOFC Fuel Cell application, King Mongkut's University of Technology 
Thonburi,  

17. Zhang X, Dou G, Wang Z, Li L, Wang Y, Wang H, Hao Z, 2013, Selective 
catalytic oxidation of H2S over iron oxide supported on alumina-intercalated 
laponite clay catalysts, J Hazard Mater, Vol 260, 15 September 2013, pp104 -
111, 

 
 
 


	I. INTRODUCTION
	II.  CONTENTS
	2.1. Building a pilot model for livestock waste management, using renewable bio-energy from the biogas system in tea production and processing in Anh Son - Nghe An
	- Collecting data, investigating, surveying, and evaluating the possibility of using renewable energy sources from the biogas system to replace traditional materials in tea processing in Anh Son – Nghe An.
	- Design and manufacture of tea drying equipment using gas from biogas systems
	- Building a model
	- Organize technical training, visit and study environmental management models for tea processing establishments
	2.2. The pilot model of using bioenergy to produce electricity to serve daily needs in dairy farms
	- Selecting a site for model implementation and data collection, investigation, survey, and evaluation of the inadequacies of biogas plants in livestock waste treatment.
	- Design models of biogas power generation
	- Pilot of using biogas to generate electricity in dairy farms
	- Training and propaganda
	2.3. The pilot model of using corncobs as fuel for drying agricutural products and living activities of households in Ha Giang province
	- Investigating the reality of maize cultivation and corncob utilization in Ha Giang province
	- Investigating the demand and reality of using fuels in daily life and production of households in Ha Giang province
	- Process of producing fuel from corncobs suitbale for households, household groups in Ha Giang province
	- Building models of producing fuel from corncobs and using the fuel in living activities and production in Ha Giang province
	- Evaluate the model's effectiveness
	- Applied technologies for the treatment of post-harvest corncobs
	2.4. The pilot models of using corn cobs for dry agriculltural products and fertilizers contributes to poverty reduction for farmers in Son La
	- Assess the current status of cultivation and use of corn cores in Son La.
	- Capacity building for farmer households to participate in the corn core biochar fuel and fertilizer processing system
	- Building a model to use corn cobs for drying agricultural products, as fuel and fertilizer suitable for farm households and household groups.
	- Building a biochar production model from corn cob gasification by-products
	III. PROJECT IMPLEMENTATION RESULTS
	3.1. Building a model for livestock waste management, using renewable bio-energy from the biogas system in tea production and processing in Anh Son - Nghe An
	3.1.1. Collecting data, investigating, surveying, and evaluating the possibility of using renewable energy sources from the biogas system to replace traditional materials in tea processing in Anh Son – Nghe An.
	3.1.2. Design and manufacture of tea drying equipment using gas from biogas systems
	3.1.3. Building a model:
	3.1.3.3. Building 03 application models of bio-organic fertilizers processed from biogas residues for tea plants
	a) Location
	3.1.4. Organize technical training, visit and study environmental management models for tea processing establishments


	3.2. The model of using bioenergy to produce electricity to serve daily needs in dairy farms
	3.2.1. Selecting a site for model implementation and data collection, investigation, survey, and evaluation of the inadequacies of biogas plants in livestock waste treatment.
	3.2.2. Design models of biogas power generation
	3.2.3. Pilot of using biogas to generate electricity in dairy farms
	3.2.4. Training and propaganda

	3.3. Model of using corncobs as fuel for drying agricutural products and living activities of households in Ha Giang province
	3.3.1. Investigating the reality of maize cultivation and corncob utilization in Ha Giang province
	Building up the value chain of maize production; Looking for solutions to improve the value chain from production, post-harvest handling, storage and preservation, quality assurance, infrastructure and distribution, and strengthening producing maize i...
	3.3.2. Investigating the demand and reality of using fuels in daily life and production of households in Ha Giang province
	3.3.3. Process of producing fuel from corncobs suitbale for households, household groups in Ha Giang province
	3.3.4. Building models of producing fuel from corncobs and using the fuel in living activities and production in Ha Giang province
	3.3.5. Evaluate the model's effectiveness
	3.3.6. Applied technologies for the treatment of post-harvest corncobs
	3.4. Models of using corn cobs dry agriculltural products and fertilizers contributes to poverty reduction for farmers in Son La
	3.4.1. Assess the current status of cultivation and use of corn cores in Son La.
	3.4.2. Capacity building for farmer households to participate in the corn core biochar fuel and fertilizer processing system
	Figure 12: Project poster

	3.4.3. Building a model to use corn cobs for drying agricultural products, as fuel and fertilizer suitable for farm households and household groups.
	4.3.1
	4.3.2
	4.3.3
	4.3.3.1
	4.3.3.2
	4.3.3.3
	4.3.3.3.1
	4.3.3.3.2
	4.3.3.3.3
	4.3.3.3.3.1
	4.3.3.3.3.2
	4.3.3.3.3.3
	4.3.4. Building a biochar production model from corn cob gasification by-products
	Figure 13: Plant height and corn stalk height index
	Table 9. Influence of the onset of fertilizers



	IV. CONCLUSION AND RECOMMENDATION
	4.1. Conclusion
	4.2. Recommendation

	REFERENCES

