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I. EXECUTIVE SUMMARY 

 
1. The Asian Development Bank (ADB) has supported the Government of Viet Nam with 
the Low Carbon Agricultural Support Project (LCASP). LCASP aims to build a sustainable, 
efficient and environmentally-friendly agricultural production to (i) increase income and 
employment in the agricultural sector; (ii) reduce greenhouse gas emissions by responding 
to/mitigating impacts from climate change; (iii) develop biogas sector for the people. The project 
will be implemented over a 6-year period from 2013 to 2018. The project has 4 components: (i) 
expanded use of livestock waste management infrastructure; (ii) established credit lines for 
biogas value chains; (iii) enhanced CSAWMP technology development transfer; and (iv) 
effective project management. Under component (i), 10 large, 40 medium-sized and 36,000 
small biogas plants (LBPs, MBPs and SBPs1) will be constructed to improve livestock waste 
management practices. 
 
2. The Project will reduce air, water and soil pollution by supporting Climate Smart 
Agricultural Waste Management Practices (CSAWMP) for treating crop and livestock waste 
through the expanded use of biogas and bio-slurry processing technologies. The agricultural 
sector is a major contributor to Viet Nam’s economy.2 However, it is also a major contributor to 
environmental degradation in two important ways. First, it is the largest contributor to national 
greenhouse gas (GHG) emissions3, especially methane generated from livestock waste4 and 
wet rice cultivation. Second, the uncontrolled discharge of untreated livestock waste is 
contaminating the environment with high levels of pathogens, endangering the health of people 
and animals. In addition, over 40% of arable land is now degraded because of the heavy use of 
inorganic fertilizers and other unsustainable agricultural practices. To meet the demand for safe 
food and a healthy environment it is necessary for Viet Nam to progressively adopt the use of 
Climate Smart Agriculture Practices (CSAP).5  
 
3. Properly constructed biogas plants have important benefits including (i) reduced human 
and livestock disease outbreaks; GHG emissions; fire wood consumption; air (indoor and 
outdoor), water and soil pollutants; (ii) increased savings in time and money; (iii) increased 
quantity and quality of organic fertilizers; and (iv) potential access to carbon credit schemes. In 
an ADB supported biogas plant development project, biogas plants were viable and sustainable. 
Household incomes were found to increase on average 86% due to reduced costs of energy 
and the increased use of organic fertilizers.6 
 
4. The number of SBPs is increasing but is still below the Government’s target of two 
million by 20207. SBPs usually capture methane for household energy use that is generated 
from small numbers of pigs, cattle and human waste. Additional investments in bio-slurry 

                                                            
1 The size of biogas plants is commonly defined as: SBP up to 50m3, MBP 51 to 1,000 m3; and LBP > 1,000 m3. 
2  IFAD 2008: In Viet Nam agriculture's share is approximately 20% of the gross domestic product (GDP), and the 
 sector remains a key contributor to: exports (25%) and employment (70% of rural households). 
3  IFAD 2008: GHG arise from the following main sources: Agriculture (50%); Energy (25%); Forestry (19%); Industry 
 (4%); and Waste (2%). GHG from Agriculture: rice cultivation (45%); livestock (35%); agri-soil (11%); and, field 
 burning (9%).  
4  Methane is a potent GHG (21 times more than CO2), but compared to other hydrocarbon fuels, burning methane 
 produces less carbon dioxide for each unit of heat released. 
5  FAO 2009 defines CSAP as ‘agriculture that sustainably increases productivity, resilience, reduces or removes 
 GHGs emission and enhances achievement of national food security and development goals.” CSAWMP is a 
 component in the broader context of CSAP. 
6  ADB. 2010. Completion Report: Efficient Utilization of Agricultural Wastes Project in China. Manila.   
7  increased from about 2,000 in 1990 to 500,000 SBPs in 2010 – out of 8.5 million farmers raising livestock.  



2 
 

processing value chain development and environmental management are required to realize the 
full potential benefits of SBP development. 
 
5. MBPs and LBPs make use of the wastes produced by commercial livestock feedlots. 
There have been fewer than 1,000 MBPs and LBPs constructed in Viet Nam because of (i) 
inadequate knowledge of the potential benefits; (ii) inappropriate regulatory environment; and 
(iii) lack of access to investment finance. Additional support is needed to establish an enabling 
environment for the expanded use of MBPs and LBPs.  
 
6. The Project aims to support the construction of 36,000 SBPs, 40 MBPs, and 10 LBPs in 
order to properly manage livestock waste. This initial environment examination (IEE) assessed 
the environmental impacts of the project. Overall the project is likely to have positive impacts on 
the environment by improving the livestock waste management practices. The application of 
biogas plants will improve the environment by reducing GHG emissions, as well as water and 
soil pollution. SBPs have been identified as having no or insignificant adverse impacts and 
therefore categorized as C. MBPs and LBPs are considered category B. Potential adverse 
environmental impacts for MBPs and LBPs have been identified and mitigation measures have 
been proposed. An environmental assessment and review framework (EARF) has been 
established to guide the implementation of the project at all stages.8  

 
7. Theoretically, a typical livestock household can generate emissions through three main 
ways: (i) by applying the manure management modality; (ii) by using fossil fuels and non-
renewable biomass for cooking (and to a smaller extent for lighting); and (iii) by using chemical 
fertilizer for cultivation. Therefore, a small biogas plant (with capacity up to 50 m3) may 
potentially reduce greenhouse gas (GHG) emissions in three ways: (i) by changing the manure 
management modality; (ii) by substituting fossil fuels and non-renewable biomass for cooking 
(and to a smaller extent for lighting) with biogas; and (iii) by substituting chemical fertilizer with 
bio-slurry. To the extent to which bio-slurry is actually replacing chemical fertilizer, GHG 
emissions are reduced. However, from an accountability point of view, the third component of 
GHG emission reduction by domestic biogas installations may prove very cumbersome to 
substantiate. Therefore, GHG emissions resulting from chemical fertilizer substitution are not 
included. The clearest benefit from using bio-slurry is the improvement of soil and water quality.  
 
8. According to a survey carried out by SNV Netherlands Development Organisation in 
2008, the total GHG emission reduction was calculated about 0.2 tCO2e per m3 installation of 
biogas plant per year by substituting fuel with biogas and by improving manure management 
practices. By constructing and properly operating 36,000 SBPs at the household level in this 
project, the amount of GHG emissions reduced can amount to 150,000 tCO2e per year.  

 
9. For medium and large scale biogas plants, the emission reduction is mainly through 
manure management modality. According to a survey of the PPTA team targeting mainly 
medium and large pig farms (24 farms) the most common manure management modality is 
anaerobic lagoon (69%) followed by drying (24%), daily spread (4%) and fish pond (3%). How 
much GHG reduction is achieved depends on how the biogas is used. In surveyed farms, the 
biogas produced was usually much higher than the farm’s demand. In this case, the surplus 
should be delivered to the grid or flared and flares are mandatory to be installed. Flaring 
however can lead to additional emissions when biogas is not burned completely (leakage 
emissions). The PPTA team assessed the impact of flaring on the emission reductions in detail 

                                                            
8  Environmental Assessment and Review Framework (accessible from the list of linked documents in RRP Appendix 

2).  
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and concluded that when biogas is flared with an open flare, the biogas plant becomes a net 
GHG emitter when more than 22.5% of the biogas is flared. Excess biogas is estimated to be 
around 71% from completely stirred tank reactor (CSTR) and 79% non-CSTR; therefore biogas 
systems should include a high efficiency flaring device such as an enclosed flare. These flares 
burn biogas at a higher temperature and are more reliable causing much less leakage of 
emissions.  
 
10. The proposed Project will, therefore, provide resources to expand the use of biogas 
plants at household and commercial levels as a source of energy and means of waste 
management; improve biogas plant value chains by processing bio-slurry into organic fertilizer; 
catalyze private sector investments in biogas plants; strengthen the financial capacity for 
CSAWMP investment; and support CSAWMP research and technology transfer. 
 
11. The planned transformation of current agricultural practices towards CSAP is fully 
aligned with the Government’s Socio-Economic Development Plan (2011-2015) and Ministry of 
Agriculture and Rural Development (MARD) Five-Year Plan (2011-2015). The Project is 
consistent with ADB’s Country Partnership Strategy (2011-2015); included in the Country 
Operations Business Plan (2012-2014); and consistent with the Viet Nam Agriculture, Natural 
Resources and Environment (ANRE) sector Assessment, Strategy and Roadmap (ASR). The 
Project incorporates lessons learned from prior and on-going related ADB supported projects in 
Viet Nam and elsewhere.9  
 
12. As the Project Executing Agency, MARD shall have the overall responsibility for the 
implementation of the Project. The Central Project Management Unit (CPMU), headed by a 
project director, shall be established under MARD. The CPMU shall be responsible for overall 
project coordination and management activities under the Project. The Provincial People’s 
Committees will act through their DARD, which will establish a PPMU responsible for day-to-day 
project management. In provinces where MBPs and LBPs will be installed, an environment 
specialist from the provincial department of natural resources and environment (DONRE) will be 
seconded to the PPMU for environmental management and monitoring tasks. Designated 
financial intermediaries will provide credit to beneficiaries for biogas plant construction.  
 
13. The CPMU and PPMUs will ensure mitigation of negative environmental and social 
impacts due to the construction and operation of the MBPs and LBPs, if any. The CPMU and 
PPMUs will be responsible for the implementation of appropriate management, and for 
environmental monitoring of biogas plants. 
 
14. ADB requires the consideration of environmental issues in all aspects of its operations, 
and the requirements for environmental assessment are described in ADB’s Safeguard Policy 
Statement (SPS), 2009. This Initial Environmental Examination (IEE) has been prepared for the 
project which covers the construction of large, medium and small scale biogas plants.  
 
15. Potential environmental impacts will be mainly experienced during the operation of 
biogas plants due to generation of large volumes of wastewater and greenhouse gases (GHGs) 

                                                            
9  ADB. 2009.  Report and Recommendation of the President to the Board of Directors: Proposed Loan to the 

Socialist Republic of Viet Nam for the Quality and Safety Enhancement of Agriculture Products and Biogas 
Development Project. Manila (Loan 2513-VIE); ADB. 2006. Report and Recommendation of the President to the 
Board of Directors: Proposed Loan to the Socialist Republic of Viet Nam for the Agriculture Science and 
Technology Project. Manila (Loan 2283-VIE); ADB. 2000. Report and Recommendation of the President to the 
Board of Directors: Proposed Loan to the Socialist Republic of Viet Nam for the Tea and Fruit Development 
Project. Manila (Loan 1781-VIE). 
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in case the produced biogas is not used. It is recommended that devices to fully utilize the 
biogas are installed, particularly for MBPs and LBPs, so as to increase the efficiency and 
effectiveness of the biogas plants, and reduce the emission of GHGs. An environmental 
management and monitoring plan has been provided in this IEE to address potential negative 
environmental impacts. Other environmental impacts may arise during the preconstruction, 
construction, and operational phases and will require mitigation which has been laid out. The 
significance of the residual impacts will depend on how environmentally sound the designs can 
be made in order to mitigate the impacts, and if the residual impacts are acceptable. Dust and 
noise, waste disposal and water quality impacts arising during the preconstruction and 
construction phases may have some environmental impacts that will require mitigation. 

 
16. An Environmental Management Plan (EMP) is proposed as part of this IEE which 
includes (i) mitigation measures for significant environmental impacts during implementation; (ii) 
an environmental monitoring program, and the responsible entities for mitigation, monitoring, 
and reporting; (iii) public consultation and information disclosure; and (iv) a grievance redress 
mechanism. Mitigation measures have been developed to reduce all negative impacts to 
acceptable levels. A number of impacts and their significance have already been reduced by 
amending the designs. 

 
17. Mitigation will be assured by a program of environmental monitoring to be conducted 
during construction stage and operating stage. The environmental monitoring program will 
ensure that all measures are implemented, and will determine whether the environment is 
protected as intended. It will include observations on- and off-site, document checks, and 
interviews with workers and biogas plant owners. Any requirements for remedial action will be 
reported to the ADB. 

 
18. Since the project location was not defined during the project preparation, the 
environment team only carried out consultations with relevant stakeholders via a number of field 
trips to potential project provinces. Nine provincial DARDs, 16 livestock households and 12 
livestock farms were consulted during the trips. The information in advance of the project and 
the expected impacts and the proposed mitigation measures were disseminated. The team 
gathered information on relevant concerns of the relevant stakeholders so as to address these 
in the project implementation stages. Stakeholders were involved in developing the IEE through 
discussions on site and public consultation after which views expressed were incorporated into 
the IEE and the planning and development of the subproject. 
 
19. The results indicated the main environmental concerns were interference with releasing 
biogas into the atmosphere the farms do not have suitable devices for using biogas. Other 
responses mainly concerned the bad quality of bio-slurry due to limitation in designs and 
inadequate operation of the plants. The environmental concerns raised by the stakeholders 
shall be controlled and minimized by thorough implementation of the EMP. In addition, both, the 
authorities and the concerned people are highly aware of the benefits and the impacts of biogas 
digesters. They ask for more technical designs to select the most suitable biogas digester to 
deal with animal waste, especially for medium and large scale biogas plants. In the 
development of centralized farm livestock production, environmental protection and veterinary 
questions should be dealt with very carefully. 

 
20. It is important that when the locations of the medium and large biogas plants are 
identified, a further consultation process be carried out to ensure that environmental concerns of 
the project communities are taken into account, and mitigation measures are proposed. For 
medium and large biogas plants that are classified as category B, which requires an IEE, the 
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IEE will be made available at public locations in the city/area and will be disclosed to a wider 
audience via the ADB website. The consultation process will be continued and expanded during 
project implementation to ensure that stakeholders are fully engaged in the project and have the 
opportunity to participate in its development and implementation.  

 
21. Based on the findings of the IEE, the classification of the project as Category “B” is 
confirmed. Before the start of any construction of any MBP or LBP, ADB’s screening procedure 
will be applied and conducted by the PPMUs using ADB’s rapid environmental assessment 
checklist (Annex 1). This checklist, together with the environment categorization form (Annex 2) 
will be submitted to ADB for endorsement. If the MBP or LBP is confirmed as category B project 
according to the screening procedure, an IEE (see Annex 3 for the outline of the IEE) will be 
submitted to ADB for endorsement before any construction can start. No MBP or LBP with 
significant environmental adverse impacts (category A) will be selected.  
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II. POLICY, LEGAL, AND ADMINISTRATIVE FRAMEWORK 

A. National Legislation Concerning Environmental Regulations 

22. Several laws, technical regulations, conventions and strategies concerning the 
environment are available in Viet Nam since the early 1990s. The most important ones 
concerning LCASP are presented briefly below.  
 
23. The Viet Nam Law on Environmental Protection was first approved in 1993 and 
consisted of in total five chapters. At that time the law was mainly regulating the following 
environmental issues: Prevention of environmental degeneration, Definition and regulation of 
environmental pollution, Environmental degeneration of the nature, State tasks concerning the 
environmental protection and international relationship concerning environmental protection. In 
2005, the Law on the Environment was revised and extended into a final version of 15 chapters 
containing 136 articles. The issue of renewable energy is now also included in the Law (article 
33) which also indicates the Government’s concern in this area.  

 
24. In 2003, the National Strategy for Environment Protection until 2010 and orientation until 
2020 was approved by the Prime Minister with the issuance of Decision No 256/2003/QD-TTg 
dated December 2, 2003. The purpose of the strategy is to limit the increase of environmental 
pollution and to improve environmental quality. A number of important targets are set up, such 
as 100% of new facilities have to apply clean technology or have to be equipped with pollution 
mitigation equipment, and waste matters have to be treated until they meet environmental 
regulations by 2010; 100% of the urban population and 95% of the rural population have to have 
access to clean water. 

 
25. In addition to making mention of renewable energies in the Environmental Law, the 
Government developed its “Viet Nam National Energy Development Strategy until 2020” 
(version to 2050). This new strategy was approved by the Prime Minister in 2008 (Decision No. 
1855/QD-TTg). The target of the strategy is to ensure the national energy security to develop 
the country’s competitive energy market and to provide sufficient energy for social as well as for 
the economic development of the country. It also regulates the use of domestic and natural 
resources to produce energy (e.g. biomass, biogas) and the promotion of renewable energies. 
The strategy’s goal is to enlarge the renewable energy sector to 3% of the total primary energy 
by 2015 and to 5% by the year 2020 and to achieve about 11% in the year 2050. 

 
26. In 2005, the Vietnamese Government (Ministry of Industry and Trade – MOIT) released 
the National Strategic Programme on Energy Savings and Effective Use (Viet Nam National 
Energy Efficiency Programme, VNEEP) for the period 2006 to 2015, which was approved and 
enforced on April 14, 2006 by the Prime Minister (Decision No.79/2006/QD-TTG). The VNEEP 
calls for coordinated efforts for improving energy efficiency, reducing energy losses, and 
implementing extensive measures for conservation of energy. 

 
27. The Viet Nam National Energy Efficiency Programme is the first-ever long-term 
comprehensive plan to institute measures for improving energy efficiency and conservation in all 
sectors of the economy in Viet Nam. Phase 1 (2006–2010) aimed to actively start up all 
components of the program, and Phase 2 (2011–2015) aims to expand each component, based 
on the lessons learned from Phase 1. The overall objectives of the programme are as follows: 
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•  The programme is a set of activities to encourage, promote, and disseminate energy 
efficiency and conservation (EE&C) in the public sector; in science and technology 
research activities and in management measures needed to carry out synchronous 
activities on energy efficiency and conservation throughout the society. 

•  The programme’s energy savings goal is 3%-5% of the total energy consumption in the 
period 2006 to 2010; 5%–8% of the total energy consumption in the period 2011 to 
2015. 

 
28. Other regulations, laws and Government plans concerning the energy sector and ‘green’ 
energy in Viet Nam are: 

 The Master Plan for Renewable Energy describes national goals for the development of 
renewable energy sources within the next five years, as well as the nation’s 2025 goals 
in renewable energy. 

 The Electricity Law identifies opportunities for application of renewable energy objectives 
in remote rural and off-grid areas. 

 The Law on Energy Saving and Efficiency includes information on the eventual labelling 
of electronic devices. 
 

29. In addition, support for energy efficiency and sustainability include financial incentives. 
For example, foreign and domestic investors in renewable energy can benefit from corporate 
income, natural resources, equipment import, VAT exemption and have the option of taking long 
term loans (seven to ten years) at preferential interest rates. 
 
30. The National Target Programme on Economical Use of Energy is composed of 11 
schemes which are conducted through financial and scientific solutions as well as through 
international cooperation. After implementation of the Programme for three years, a draft of Law 
on Economical and Effective Use of Energy should be presented and later on firstly applied in 
state offices and other administrative units.  

 
31. The National Target Program in Response to Climate Change, 2008 version describes 
incentives for emissions reduction and low carbon economic development while the 2010 
version outlines an action plan (Ministry of Industry and Trade). The National Target Programme 
to Respond to Climate Change is the consequence of the implementation of the Government’s 
Resolution No. 60/2007NQ-CP (Dec. 3, 2007) by the Ministry of Natural Resources and 
Environment. The strategic objectives of this National Target Programme are to: 

 assess climate change impacts on sectors/areas and regions in specific periods and  
 develop feasible action plans to effectively respond to climate change in each short-

term/long-term period to ensure sustainable development of Viet Nam,  
 adopt opportunities to develop towards a low-carbon economy, and 
 join international community’s effort to mitigate climate change impacts and protect 

global climatic system.  
 

32. In addition to the main objective, eight specific objectives are presented in the 
Programme. Three of these, corresponding to the present LCASP project, are to: 

 identify climate change features of Viet Nam due to global climate change; Assess 
climate change impacts (including climate variability, sea level rise and climatic 
extremes) on every sector, area and locality; 

 identify measures to respond to climate change; 
 develop an action plan for all ministries/sectors and localities to respond to climate 

change; to implement pilot projects to respond to climate change. 
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33. Biogas programme development is considered as an activity which decreases climate 
change resulting from agriculture, especially due to cattle breeding development in cooperation 
with industrial development on processing food for cattle and treatment of sewage. This topic 
was issued by the Ministry of National Resources and Environment on July 2008 in the frame of 
the National Target Programme. As a result, many biogas programmes with various scales have 
been built and conducted in many areas. 
 
34. The Draft Law on Economical and Effective Use of Energy was prepared by the Ministry 
of Industry and Trade and submitted to the National Assembly and to the Government in August 
2009. The Law includes 10 chapters with 49 articles, of which the entire chapter 6 focuses on 
the use of renewable energy.  
 
35. The Law on Economical and Effective Use of Energy officially took effect on January 1st 
2011. The Law was passed through by the National Assembly at the 7 th session meeting on 
06.17.2010.  
 
36. The National Target Programme on Clean Water and Rural Environmental Hygiene 
(phase 2006 – 2010) achieved approval by the Prime Minister on December 11, 2006. The 
programme’s goal is that 85% of the rural population should use clean drinking water, the latest 
by 2010. The programme is performed with key measures such as strengthening socialisation, 
development of the drinking water market and rural environmental sanitation.  
 
37. The Joint Circular No. 80/2007/TTLT-BTC-BNN signed on July 11th, 2007 between the 
Ministry of Finance and the Ministry of Agriculture includes provisions guiding the management 
and use of state funds for the Rural Water Supply and National Sanitation Target Programme 
(RWSS NTP; phase of 2006- 2010). 
 
38. In 2010 MARD issued a Technical Manual for the preparation of environmental impact 
assessments for animal husbandry projects. This manual provides instructions on the content of 
an environmental impact assessment report and the legal basis of the report. However, this 
manual has been developed for centralized livestock production projects. This is in detail 
regulated in the decree 21/2008/ND-CP dated February 28, 2008 by the Government of Viet 
Nam (e.g.: Projects for centralized cattle production and projects for centralized poultry 
production).  

 
39. The Government of Viet Nam has recently issued a new decree No 29/2011/ND-CP, 
dated April 18, 2011 on regulations on the strategic environmental assessment (SEA), the 
environmental impact assessment (EIA) and the environmental protection commitment (EPC). 
This new decree will be in force on June 5th 2011 and replaces articles of 6, 7, 8, 9, 10, 11, 12, 
13, 14, 15, 16 and 17 of the decree No. 80/2006/ND-CP dated August 9th 2006 and items of 3, 
4, 5, 6, 7, 8, 9, and 10 of article 1 of the decree No. 21/2008/ND-CP dated February 26th 2008. 
An EIA is necessary for new cattle farms with more than 500 cows or 1,000 pigs and new 
poultry farms with more than 20,000 poultries. Farms with less than 1,000 pigs only need an 
EPC (Environmental Protection Commitment). Also, for all extension projects of an existing farm 
(if exceeding the before mentioned livestock numbers) a new EIA study has to be presented. 

 
40. Two former regulations which are still partly in force but since June 5, 2011 partly 
replaced by the above mentioned Decree No. 29 are: (i) Decree No. 21, issued by MONRE, 
regulates for which types of investments an EIA (Environmental Impact Assessment) is 
imperative. A list of sectors that need an EIA is presented in the decree’s annex. The livestock 
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sector is listed in this annex, but not so biogas projects. Since June 5, 2011, this decree is partly 
replaced by the Decree No. 29; and (ii) The Circular No. 5 (issued by MONRE, see also above) 
regulates the content and the structure of an Environmental Impact Assessment study, and 
presents the circumstances which make an EIA study obligatory. An EIA is necessary for new 
pig farms with more than 1,000 pigs and poultry farms with more than 20,000 poultries. Farms 
with less than 1,000 pigs only need an EPC (Environmental Protection Commitment). Also, for 
all extension projects of an existing farm (if exceeding the before mentioned livestock numbers) 
a new EIA study has to be presented. 
 
41. The above mentioned laws and programmes reflect the main lines of Environmental 
Legislation in Viet Nam in relation to the Biogas Programme. In the following, some other 
relevant Vietnamese Regulations and Standards are listed. 

 QCVN 20/2009 BTNMT: National Technical Regulation on Industrial Emissions of 
Organic Substances 

 QCVN 08/2009 BTNMT: National Technical Regulation on Surface Water 
 QCVN 09/2009 BTNMT: National Technical Regulation on Underground Water 
 QCVN 14/2009 BTNMT: National Technical Regulation on Domestic Wastewater 
 QCVN 24/2009 BTNMT: National Technical Regulation on Industrial Wastewater 
 QCVN 06/2009 BTNMT: National Technical Regulation on Hazardous Substances in 

Ambient Air 
 QCVN 05/2009 BTNMT: National Technical Regulation on Hazardous Substances in 

Ambient Air Quality 
 TCVN 5945/2005: Viet Nam National Standard on Industrial Wastewater Discharge 
 TCVN 6772/2000: Viet Nam National Standard on Water Quality – Domestic Wastewater 

Standards – Permissible Pollution Limits 
 

42. Additional Decisions concerning the renewable energy sector are: 
 Decision No. 158/2008: National Target Program to respond to climate change 
 Decision No. 1855/2007: National Energy Development Strategy up to 2020, with 

outlook to 2050 
 Decision No.110/2007: Installing electricity generation plants from RE sources for grid 

connection 
 Decision No.153/2004: Promulgating the Orientation Strategy for sustainable 

development in Viet Nam (Agenda 21 of Viet Nam) 
 

43. Special legislation for bio-digester effluents is available at sector level but not available 
at national level. The sector standard 10 TCN 678-2006 stipulating regulations on animal waste 
from livestock farms. However, the sludge (bio-slurry) resulting from bio-digestion can be 
applied as fertilizer on agricultural fields if no over-fertilization results. Regulations for that kind 
of use should also be developed at national level. The bio-digesters’ effluents must be taken as 
highly polluted effluents which need treatment prior to discharge to the environment.  
 
44. In conclusion, according to Viet Nam’s environmental legislation, no EIA studies for 
biogas plants of any size are required, but an EIA is required for new pig farms with more than 
1,000 pigs and poultry farms with more than 20,000 poultries. Farms with less than 1,000 pigs 
only need an EPC (Environmental Protection Commitment). Also, for all extension projects of an 
existing farm (if exceeding the before mentioned livestock numbers) a new EIA study has to be 
presented. 
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B. ADB’s Policy 

45. ADB requires the consideration of environmental issues in all aspects of its operations, 
and the requirements for environmental assessment are described in ADB SPS, 2009. This 
states that ADB requires environmental assessment of all project loans, program loans, sector 
loans, sector development program loans, and loans involving financial intermediaries, and 
private sector loans. 
 
46. Screening and Categorization. The nature of the environmental assessment required 
for a subproject depends on the significance of its environmental impacts, which are related to 
the type and location of the subproject, the sensitivity, scale, nature and magnitude of its 
potential impacts, and the availability of cost-effective mitigation measures. Projects are 
screened for their expected environmental impacts are assigned to one of the following four 
categories: 

(i) Category A. Projects could have significant adverse environmental impacts. An EIA is 
required to address significant impacts. No category A investments/subprojects will be 
selected under this project.  

(ii) Category B. Projects could have some adverse environmental impacts, but of lesser 
degree or significance than those in category A. An IEE is required. 

(iii) Category C. Projects are unlikely to have adverse environmental impacts. No EIA or IEE 
is required, although environmental implications are reviewed. 

(iv) Category FI. Projects involve a credit line through a financial intermediary or an equity 
investment in a financial intermediary. The financial intermediary must apply an 
environmental management system, unless all Projects will result in insignificant 
impacts. 

 
47. Environmental Management Plan. An EMP which addresses the potential impacts and 
risks identified by the environmental assessment shall be prepared. The level of detail and 
complexity of the EMP and the priority of the identified measures and actions will be 
commensurate with the Project’s impact and risks. 
 
48. Public Disclosure. ADB will post the following safeguard documents on its website so 
affected people, other stakeholders, and the general public can provide meaningful inputs into 
the subproject design and implementation: 

(i) For environmental category A projects, draft EIA report at least 120 days before Board 
consideration; 

(ii) Final or updated EIA and/or IEE upon receipt; and 
(iii) Environmental Monitoring Reports submitted by PPMU during project implementation 

upon receipt. 
 
49. Based on the findings of the IEE, the classification of the project as Category “B” is 
confirmed. Before the start of any construction of any MBPs or LBPs, ADB’s screening 
procedure will be applied and conducted by the relevant PPMUs using ADB’s rapid 
environmental assessment checklist (Annex 1). This checklist, together with the environment 
categorization form (Annex 2) will be submitted to ADB for endorsement. If the MBP or LBP is 
confirmed as category B project according to the screening procedure, an IEE (see Annex 3 for 
the outline of the IEE) will be submitted to ADB for endorsement before any construction can 
start. No MBP or LBP with significant environmental adverse impacts (category A) will be 
selected.  
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III.  DESCRIPTION OF THE PROJECT 

A. Description of the Project  

50. ADB has supported the Government with the Low Carbon Agricultural Support Project 
(LCASP). LCASP aims to build a sustainable, efficient and friendly environmental agricultural 
production in order to (i) increase income and employment in agricultural sector; (ii)  reduce 
greenhouse gas emissions while response to/mitigate impacts from climate change; (iii) develop 
biogas sector for the people. The project will be implemented over a 6-year period from 2013 to 
2018. The project is designed to have 4 components, including (i) Expanded livestock waste 
management infrastructure; (ii) Credit lines for biogas value chain infrastructure; (iii) Enhanced 
CSAWMP technology development transfer; and (iv) Effective Project management. Under 
component (i), 10 large, 40 medium and 36,000 small scale biogas plants (LBPs, MBPs and 
SBPs10) will be constructed to improve livestock waste management practices. 
 
51. The Project will reduce air, water and soil pollution by supporting Climate Smart 
Agricultural Waste Management Practices (CSAWMP) for treating crop and livestock waste 
through the expanded use of biogas and bio-slurry processing technologies. The agricultural 
sector is a major contributor to Viet Nam’s economy.11 However, it is also a major contributor to 
environmental degradation in two important ways. First, it is the largest contributor to national 
greenhouse gas (GHG) emissions,12 especially methane generated from livestock waste13 and 
wet rice cultivation. Second, the uncontrolled discharge of untreated livestock waste is 
contaminating the environment with high levels of pathogens, endangering the health of people 
and animals. In addition, over 40% of arable land is now degraded because of the heavy use of 
inorganic fertilizers and other unsustainable agricultural practices. To meet the demand for safe 
food and a healthy environment it is necessary for Viet Nam to progressively adopt the use of 
Climate Smart Agriculture Practices (CSAP)14  
 
52. Properly constructed biogas plants have important benefits including (i) reduced human 
and livestock disease outbreaks; methane emissions; fire wood consumption; air (indoor and 
outdoor), water and soil pollutants; (ii) increased savings in time and money; (iii) increased 
quantity and quality of organic fertilizers; and (iv) potential access to carbon credit schemes. In 
an ADB supported biogas plant development project, biogas plants had financial internal rates 
of return of 54% and economic rates of return of 55%. Household incomes were found to 
increase on average 86% due to reduced costs of energy and the increased use of organic 
fertilizers (footnote 6).  
 
53. The number of small size biogas plants (SBPs) is increasing but is still below the 
Government’s target of two million by 202015. The SBPs usually capture methane for household 

                                                            
10 The size of biogas plants is commonly defined as: SBP up to 50m3, MBP 51 to 1,000 m3; and LBP > 1,000 m3. 
11  IFAD 2008: In Viet Nam agriculture's share is approximately 20% of the gross domestic product (GDP), and the 
 sector remains a key contributor to: exports (25%) and employment (70% of rural households). 
12  IFAD 2008: GHG arise from the following main sources: Agriculture (50%); Energy (25%); Forestry (19%); Industry 
 (4%); and Waste (2%). GHG from Agriculture: rice cultivation (45%); livestock (35%); agri-soil (11%); and, field 
 burning (9%).  
13  Methane is a potent GHG (21 times more than CO2), but compared to other hydrocarbon fuels, burning methane 
 produces less carbon dioxide for each unit of heat released. 
14  FAO 2009 defines CSAP as ‘agriculture that sustainably increases productivity, resilience, reduces or removes 
 GHGs emission and enhances achievement of national food security and development goals.” CSAWMP is a 
 component in the broader context of CSAP. 
15  increased from about 2,000 in 1990 to 500,000SBPs in 2010 – out of 8.5 million farmers raising livestock.  
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energy use that is generated from small numbers of pigs, cattle and human waste. Additional 
investments in bio-slurry processing value chain development and environmental management 
are required to realize the full potential benefits of SBP development. 
 
54. Medium and large size biogas plants (MBPs and LBPs respectively)16 make use of the 
wastes produced by commercial livestock feedlots. There have been fewer than 1,000 MBPs 
and LBPs constructed in Viet Nam because of (i) inadequate knowledge of the potential 
benefits; (ii) inappropriate regulatory environment; and (iii) lack of access to investment finance. 
Additional support is needed to establish an enabling environment for the expanded use of 
MBPs and LBPs.  
 
55. Therefore, the proposed Project will provide resources to reduce agriculture-related 
pollution, as measured by improved water quality achieved by the reduced presence of livestock 
waste effluence. It will increase uptake of CSAWMP as measured by the increased use of clean 
biogas energy and organic bio-slurry fertilizers. It has the following components: (i) strengthen 
the relevant CSAWMP infrastructure; (ii) credit lines to expand the use of biogas plants at 
household and commercial levels as a source of energy and means of waste management; (iii) 
support CSAWMP technology transfer; and (iv) improve project management.  

 
B. Basic Facts about Biogas Plants 

56. A biogas plant usually refers to an anaerobic digester that treats farm wastes or energy 
crops. These plants are fed with livestock manure. During the process, an air-tight tank 
transforms biomass waste into methane producing renewable energy that can be used for 
cooking, heating, electricity, and other operations that use any variation of an internal 
combustion engine. 

 
57.  The success of the project in terms of environmental improvement depends on the way 
the products from anaerobic digestion process are used. It is therefore important to understand 
that the three principal products of anaerobic digestion are biogas, digestate, and water. 
Recommendations are made on how to make use of these products to that a three-fold benefit 
can be achieved: (i) reduced air, soil and water pollution; (ii) use of energy (biogas); and (iii) use 
of materials (fertilizer from the digestate).  

 
58. Biogas is the ultimate waste product of the bacteria feeding off the input biodegradable 
feedstock (the methanogenesis stage of anaerobic digestion is performed by archaea - a micro-
organism on a distinctly different branch of the phylogenetic tree of life to bacteria), and is 
mostly methane and carbon dioxide with a small amount hydrogen and trace hydrogen sulfide. 
(As-produced, biogas also contains water vapor, with the fractional water vapor volume a 
function of biogas temperature). Most of the biogas is produced during the middle of the 
digestion, after the bacterial population has grown, and tapers off as the putrescible material is 
exhausted. The gas is normally stored on top of the digester in an inflatable gas bubble or 
extracted and stored next to the facility in a gas holder. Table 1 presents typical composition of 
biogas: 

 
 

 

                                                            
16  The size of biogas plants is commonly defined as: SBP up to 50m3; MBP 51 to 1,000m3; and LBP > 1,000m3. 
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Table 1: Typical Composition of Biogas 

Composition 
Proportion 

(%) Composition Proportion (%) 

Methane - CH4 50 - 70 Hydrogen - H2 0 - 3 
Carbon dioxide - CO2 30 - 45 Oxygen - O2 0 - 3 
Nitrogen - N2 0 - 3 Hydrogen sulfide - H2S 0 - 3 

 
59. The methane in biogas can be burned to produce both heat and electricity.  Excess 
electricity can be sold to suppliers or put into the local grid. If the gas is fully utilized and not 
released directly into the atmosphere, biogas does not contribute to increasing atmospheric 
carbon dioxide concentrations. 
 
60. Digestate is the solid remnants of the original input material to the digesters that the 
microbes cannot use. It also consists of the mineralised remains of the dead bacteria from 
within the digesters. Digestate can come in three forms: fibrous, liquor, or a sludge-based 
combination of the two fractions. In Viet Nam, where the single-stage digestion is usually 
applied, the two fractions are combined. The second byproduct (acidogenic digestate) is a 
stable, organic material consisting largely of lignin and cellulose, but also of a variety of mineral 
components in a matrix of dead bacterial cells; some plastic may be present. The third 
byproduct is a liquid (methanogenic digestate) rich in nutrients, which can be used as a fertiliser, 
depending on the quality of the material being digested.  
 
61. The final output from anaerobic digestion systems is water, which originates both from 
the moisture content of the original waste that was treated and water produced during the 
microbial reactions in the digestion systems. This water may be released from the dewatering of 
the digestate or may be implicitly separate from the digestate. The wastewater exiting the 
anaerobic digestion facility will typically have elevated levels of biochemical oxygen demand 
(BOD) and chemical oxygen demand (COD). These measures of the reactivity of the effluent 
indicate its inability to pollute. Some of this material is termed 'hard COD', meaning it cannot be 
accessed by the anaerobic bacteria for conversion into biogas. If this effluent were put directly 
into watercourses, it would negatively affect them by causing eutrophication. As such, further 
treatment of the wastewater is often required.  
 
62. Digestate contains nutrients required for plant growth such as nitrogen and potassium 
and is therefore a useful fertilizer. This helps to reduce the use of synthetic fertilizers and 
consumption of fossil fuels. Digestate used as a source of plant nutrients is more easily taken 
up by plants than undigested slurry. Another advantage is reduction of greenhouse gases 
through correct production and use of digestate. However, when bio-slurry/digestate cannot be 
used on farm, it needs to be treated further to avoid environmental pollution before being 
discharged to natural water bodies such as rivers and lakes. Annex 5 is provided to recommend 
the use and treatment of bio-slurry and digestate. 
 
C. Project Location  

63. The project will be implemented in 10 provinces of Viet Nam, namely, Bac Giang, Ben 
Tre, Binh Dinh, Ha Tinh, Lao Cai, Nam Dinh, Phu Tho, Soc Trang, Son La, and Tien Giang.  
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64. Table 2 outlines the number situation in livestock and the potential for biogas produced 
in 10 project provinces. The calculation was made based on the average Amount of manure 
discharge per day and gas yield (Table 3).  
 

Table 2: Potential biogas produced from livestock manure in 10 project provinces 

No. Province Total Pig Total Cow 
Total 

Buffalo 
Total 

Poultry 

Manure 
Production 

per Year 
(ton) 

Potential 
Methane 

Production 
per Year 
through 
Biogas 

Plant (ton) 

1 Nam Định 
  

742,000  
 

38,200 
 

6,600 
 

6,394,000 
  

3,325,588.00  
 

233,880.24 

2 Bắc Giang 
  

1,162,300  
 

151,000 
 

83,700 
 

15,425,000 
  

8,311,663.20  
 

547,132.86 

3 Phú Thọ 
  

665,700  
 

122,100 
 

88,500 
 

11,127,000 
  

6,129,087.30  
 

390,068.28 

4 Sơn La 
  

523,800  
 

191,300 
 

170,300 
 

4,890,000 
  

4,774,302.20  
 

182,074.08 

5 Hà Tĩnh 
  

356,100  
 

166,300 
 

94,700 
 

4,861,000 
  

3,869,970.90  
 

174,697.80 

6 Bình Định 
  

569,400  
 

276,500 
 

19,400 
 

5,663,000 
  

4,471,739.10  
 

208,044.42 

7 Tiền Giang 
  

553,400  
 

72,700 
 

400 
 

6,148,000 
  

3,223,366.10  
 

220,494.78 

8 Bến Tre 
  

431,500  
 

166,500 
 

1,800 
 

4,703,000 
  

3,173,018.00  
 

170,466.54 

9 Lao Cai 
  

459,300  
 

23,400 
 

134,900 
 

2,883,000 
  

2,667,376.20  
 

111,102.54 

10 Soc Trang 
  

267,000  
 

31,600 
 

3,300 
 

4,494,000 
  

2,115,065.50  
 

156,793.62 
Source: Feasibility study and SNV manual. 
 

Table 3: Amount of manure discharge per day and gas yield 

Manure 
Dung amount per day 

(kg/head) 
Dry matter 
content (%) 

cacbon/nitơ (C/N) Gas yield (lít/kg/ngày)

Cattle dung 15 - 20 18 – 20 24 - 25 15 - 32 
Buffalo dung 18 - 25 16 – 18 24 - 25 15 - 32 
Pig dung 1,2 - 4,0 24 – 33 12 - 13 40 - 60 
Poultry dung 0,02 - 0,05 25 – 50 5 - 15 50 - 60 
Source: SNV technical manual 2008. 

65. The Project will support (i) the construction of biogas plants and their value chains 
infrastructure facilities; (ii) establishment of carbon markets; and (iii) the enhancement of access 
to financial intermediaries. The Project will train masons and technicians to supervise the 
construction of 36,000 SBPs, 40 MBPs and 10 LBPs. The biogas plants will be equipped with 
adequate environmental friendly waste-treatment facilities. The masons and contractors will be 
certified and serve their clients, the biogas plant owners through community based associations. 
This will enhance the country’s capacity to construct good quality and viable biogas plants. The 
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constructed biogas plants are expected to reduce annual emission by 0.9 million CO2 
equivalent. 

 
66. The Project will support the development of livestock waste management regulations 
and guidance on implementation of these regulations to be developed by MARD. In addition, 
Vietnamese standards on air emissions and water discharge from biogas plants will also be 
developed. 

 
67. While exploring the access to international carbon markets, the Government will allocate 
the incentive for carbon market development (ICMD), as a policy to accelerate the biogas plant 
construction, D1.2 million per SBP and about 20% of the total cost of each MBP or LBP. The 
PCF will be credited to the accounts of biogas plant owners after the quality certification is 
issued under the supervision of Coordinating and Managing Entity (CME) that has been 
established by the Ministry of Agriculture and Rural Development (MARD). Then the biogas 
plant owners will authorize to trade the carbon credits to the clean development mechanisms 
(CDM), voluntary- and other potential markets. The Project will assist CME to develop 
guidelines to properly share the potential income from the carbon markets to individual biogas 
plant owners and other stakeholders. 

 
68. Beyond CDM and the existing voluntary markets for carbon credits, the Project will also 
explore other potential markets like the Voluntary Gold Standard (VGS) to make biogas 
investments more viable. The Project will support CME and community based associations to (i) 
work closely to register programs of activities (POAs) for SBPs, MBPs and LBPs in all potential 
markets; (ii) monitor the biogas plant generated saleable carbon credits and ensure that their 
supplies are sustainable; and (iii) disseminate the guidelines on the carbon credits and their 
revenue sharing to biogas plant owners and other stakeholders.  The Project will encourage 
other biogas plants17 to join in developing a POA for MBPs and LBPs, as the developing costs 
for such POA based on the planned number of such plants under this project (30:10) alone will 
render the approach not viable. 

 
69. The public sector investment will be gradually phased-out and commercial approaches 
for biogas development will be established through financial intermediaries and the community 
based associations. Financial intermediaries will provide credits for the construction of biogas 
plants and their supporting facilities. A consulting team will assist the CME and communities to 
be responsible to deliver the following indicators: (i) explore competitive carbon markets for 
biogas; (ii) monitor the annual credit issuance for SBPs, MBPs and LBPs; (iii) ensure that the 
biogas program under MARD will generate 0.9 million ton of CO2 annual reduction and 70% 
issuance of the certified emission reduction; (iv) handed over the supervision of the biogas 
plants to more independent institutions; (v) intensify viable collaboration between communities, 
financial intermediaries and private sectors; (vi) explore other revenues from biogas plants and 
their value chains such as bio-slurry based fertilizers and pesticides, traded gas and electricity 
produced by biogas plants; and (vii) monitor the overall implementation and phase-out 
strategies of biogas program18 funded through MARD. 
 
D. Project Benefits 

70. The project will be beneficial to 36,000 households, 40 medium farms and 10 large 
farms of 10 project provinces as it will provide better environmental conditions. The benefits to 

                                                            
17 Including Loan 2513, and other MBPs and LBPs that will be funded by other financiers. 
18 Including the Netherlands Government and the World Bank funded projects. 
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be accrued are manifold: (i) reduction in unhygienic conditions resulting in cleaner surroundings; 
(ii) reduction in vulnerability to diseases; (iii) utilization of waste to useful resources; (iv) 
reduction in the hazards of pollution of surface water and groundwater through biogas plants; 
and (v) improved quality of life. 
 
71. Theoretically, a typical livestock household can generate emissions through three main 
ways: by (i) applying the manure management modality; (ii) by fossil fuels and non-renewable 
biomass for cooking (and to a smaller extent for lighting); and (iii) by using chemical fertilizer for 
cultivation. Therefore, a small biogas plant (with capacity up to 40 m3) may potentially reduce 
greenhouse gas (GHG) emissions in three ways: (i) by changing the manure management 
modality; (ii) by substituting fossil fuels and non-renewable biomass for cooking (and to a 
smaller extent for lighting) with biogas; and (iii) by substituting chemical fertilizer with bio-slurry. 
To the extent to which bio-slurry is actually replacing chemical fertilizer, GHG emissions are 
reduced. However, from an accountability point of view, this component of GHG emission 
reduction by domestic biogas installations may prove very cumbersome to substantiate. 
Therefore, GHG emissions resulting from chemical fertilizer substitution are not included in this 
analysis. 

 
72. In a survey carried out by SNV in 2008, 33 biogas households and 12 non-biogas 
households were visited. Fuel substitution was measured as per the without biogas plant 
household (baseline) and with biogas plant household (project) fuel consumption claimed by the 
interviewed households. The total GHG emission reduction was calculated about, as details in 
the table below. Considering that the project targets 36,000 households, with the assumption 
that 0.2 t CO2e is reduced per m3 installation of biogas plant per year, it is estimated that 
150,000 tons of CO2e is reduced per year from SBPs alone. 

 

Table 4: Household Emission Reduction 
Unit: t CO2 eq/hh/y 

Item Fuel substitution Manure management Total 
Without biogas plant 
household (baseline) 

2.991 1.381 4.372 

With biogas plant 
household (Project) 

1.449 0.863 2.312 

Reduction 1.543 0.518 2.060 

 
73. For medium and large scale biogas plants, the emission is mainly through manure 
management modality. According to a survey conducted by the PPTA consulting team targeting 
mainly medium and large pig farms (24 farms) the most common manure management modality 
is anaerobic lagoon (69%) followed by drying (24%), daily spread (4%) and fish pond (3%). The 
emission can be reduced by installing MBPs or LBPs in the farms. Produced biogas is usually 
used for running power generator. In reality, the biogas is usually produced much more than 
farm’s demand. In this case, the surplus is should be delivered to the grid or flared and flares 
are mandatory to be installed. Flaring however can lead to additional emissions when biogas is 
not burned completely (leakage emissions). The CDM manual assessed the impact of flaring on 
the emission reductions in detail and concludes that when biogas is flared with an open flare, 
the biogas plant becomes a net GHG emitter when more than 22.5% of the biogas is flared. 
Excess biogas is estimated to be around 71% from completely stirred tank reactor (CSTR) and 
79% non-CSTR; therefore biogas systems should include a high efficiency flaring device such 
as an enclosed flare. These flares burn biogas at a higher temperature and are more reliable 
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causing much less leakage emissions. The next figure shows the calculated emission 
reductions from MBPs and LBPs by type of animal for two scenarios: 

1. Scenario 1: the average methane conversion factor is 55% and all the generated 
electricity is used gainfully on-farm and the surplus is delivered to the grid; 

2. Scenario 2: electricity is only used on-farm and the remainder after parasitic demand 
of the biogas plant is flared. 

74. The next figure shows the calculated emission reductions for 1,000 head of each type of 
animal and 10,000 head in the case of poultry. 

Figure 1: Estimated Emission Reductions for Three Scenarios by Type of Animal 

 
75. Considering that the project targets to support 50 medium and large biogas plants, with 
the assumption that 400 t of CO2e is reduced per installation per year for cattle (scenario 3), it is 
estimated that 20,000 tons of CO2e is reduced per year  from medium and large biogas plants.  
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IV. DESCRIPTION OF THE ENVIRONMENT 

 The environment of 10 planned project provinces is briefly described as follows:  
 
76. Bac Giang province: Bac Giang lies at the tropical monsoon climate of Northeast region. 
There are four distinct seasons. Cold winter, hot and humid summer, temperate climate spring 
and autumn. Average temperature is 22-23°C, humidity varies from 75-87%. Annual average 
sunshine is 1,500-1,700 hours. 
 
77. Ben Tre province: Ben Tre has a tropical monsoon climate, rainy season from May to 
October, the remaining is dry season. The average annual temperature is 26°C-27oC. The 
average annual rainfall is 1,250-1,500 mm. 
 
78. Binh Dinh province: Binh Dinh has a wet monsoon tropical climate. Rainy season lasts 
from September to December. In the mountainous area, there is a sub-rainy season from May 
to August, an effect of rain season in the Central Highland. Dry season lasts from January to 
August. In the coastal plain, the annual average temperature is 27oC, the highest temperature is 
39.9oC and the lowest temperature is 15.8oC. In the mountainous area, the annual average 
temperature ranges from 20.1oC to 26.1oC, the highest temperature is 31.7oC and lowest 
temperature is 16.5oC. The annual average rainfall is 2,000-2,400mm in the mountainous 
districts and 1,751mm in the coastal plain. The average rainfall decreases from mountainous 
region to coastal region and from the North-Western region to the South-Eastern region. The 
annual average absolute air humidity is 22.5%-27.9% and the annual average relative air 
humidity is79%-92% in mountainous region. In the coastal region, the annual average of 
absolute air humidity is 27.9% and the annual average relative air humidity is 79%. Frequently, 
typhoons occur between September and November. Geography and soil: Binh Dinh is a central 
coastal province, located in the central key economic sectors; the major economic regions 
include the central province of Thua Thien Hue, Quang Ngai, Quang Nam, Binh Dinh and 
Danang. In the north of Quang Ngai province, south of Phu Yen, Gia Lai province on the west 
and the East China Sea. Binh Dinh has 11 administrative units: Quy Nhon City is the provincial 
capital, a grade 1 and 10 districts of An Lao, Vinh Thanh, Van Canh (mountain), Tay Son and 
Hoai An (Midland), Hoai Nhon , Phu My, Phu Cat, An Nhon, Tuy Phuoc (plain). The province 
has 159 communes,  wards or townships of which: there are 129 communes and 14 town; 16 
wards. The rivers system of Kon, Lai Giang, La Tinh, Ha Thanh river offers advantages for the 
development of irrigation, hydropower and water supply. 11 categories of land with 30 different 
soils account for 71,000ha of alluvial land. There are about 136,350ha of farmland, 249,310ha  
of  forestry  land,  62,870ha  of  farm  land  industry;  more  than150,000ha of unused land can 
be exploited to develop agriculture and other uses (data from  2009). Binh Dinh’s 134km 
coastline has 3 large bays Quy Nhon, Title Gi, Tam Quan; the Thi Nai Lagoon and other 
swamps are home to a variety of sea life that could facilitate the development of fishing and 
aquaculture.  
 
79. Ha Tinh province: Located in the area of tropical monsoon climate, Ha Tinh has cold 
winters and divided into 2 distinct seasons: a hot and a cold season. The average annual 
temperature is 23.7ºC. The average temperature is usually higher in Ha Tinh. Air temperature in 
the winter is much less than in summer. The average winter temperature is 18-22oC. In summer 
the average temperature is 25.5-33oC. However, the temperature usually varies according to 
type of soil, soil colors, covering level and moisture of the soil. Ha Tinh is a province having 
much rainfall in northern Viet Nam. Except a small portion in the North, the remaining regions 
have an average annual rainfall is 2,000 mm, even over 3000 mm. 
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80. Lao Cai province: Lao Cai province is located in the north of the country. It borders the 
provinces of Hà Giang, Yên Bái, Sơn La, and Lai Châu, as well as the province of Yunnan in the 
People's Republic of China. Lao Cai is a mountainous region. In the northwest of the province is 
Fansipan, Viet Nam's highest mountain. The province is bisected by the Red River, the most 
significant river of northern Viet Nam, which flows out of China towards the capital Hanoi. Much 
of the province is heavily forested. The temperature generally ranges between 18° and 28°C, 
although lowland areas tend to have less variation than mountainous areas.  
 
81. Nam Dinh province: Nam Dinh has a tropical monsoon hot and humid climate. The 
annual average temperature is 23-24°C. The coldest months are December and January, with 
the average temperature is 16-17°C. July's hottest temperatures is over 30°C. Average rainfall 
during the year is 1,750-1,800 mm, divided into 2 distinct seasons: rainy season from May to 
October, the dry season from November to at least February next year. The number of sunshine 
hours during the year is 1,650-1,700 hours. The average relative humidity: 80-85%. 

 
82. Phu Tho province: Phu Tho is located in the tropical monsoon climate, with a cold winter. 
The average annual temperature is about 230C, average annual precipitation is 1,600 to 1,800 
mm. Average humidity is relatively large, approximately 85-87%. In general, the climate of Phu 
Tho is favorable for the development of crops and livestock diversity. 
 
83. Soc Trang province: Soc Trang is located at the bottom of the Mekong River basin, 
bordering the provinces of Tra Vinh, Vinh Long, Hau Giang, Bac Lieu and East Sea. Soc Trang 
72km coast, alluvial 30,000. Climatic nature of ocean climate has two seasons: rainy season 
lasts from May to November and dry season from December to May the following year. Average 
temperature in the 26ºC - 28ºC. 

 
84. Son La province: Son La has two distinct seasons, winter from October to March, 
summer from April to September. The average annual temperature is 21,4oC (highest average 
temperature is 27°C, the lowest average 16oC). Average annual rainfall is 1,200-1,600 mm. The 
average humidity is 81%. 

 
85. Tien Giang province. Tien Giang is located in the northern tropical hemisphere. There 
are two distinct seasons: the rainy season from May to October and the dry season from 
November to April. The annual average temperature is 26.6oC, the highest temperature is 
33.2oC and the lowest temperature is 21.6oC. The total annual sunny hours are 2,709 hours. 
The highest sunny hour is 298 hours in March and the lowest sunny hour is 165 hours in 
September. In sunny season, there are 10 daily sunny hours and in rainy season, there are 5.5 
daily sunny hours. The highest daily average earth radiation is 548 Cal/cm2/day in March and 
lowest daily average earth radiation is 397 Cal/cm2/day. The monthly average humidity varies 
from 76.7% in March to 87.3% in September, and the difference of the monthly humidity is 
10.6%. The annual average humidity is 82.7%. The highest annual average humidity is 93.2%, 
the lowest is 65.2%. Rainfall during rainy season accounts for up to 86%-90% of the annual 
total rainfall. Rainfall in dry season accounts for only 10%-14% of the annual total rainfall and 
varies remarkably from year to year. The annual average rainfall ranges between 1,100mm and 
1,400mm. The annual average evaporation is 3.3mm/day.  The annual highest average 
evaporation is 5.5mm/day and the annual lowest average evaporation is 1.8mm/day. The 
highest evaporation occurs most commonly in March (4.9mm/day) and the lowest evaporation 
occurs in October (2.3mm/day). Soil: The total land surface of 236,663 ha includes the following 
main soil groups: (i) Basalt  soil covers  125,431 ha occupying  Cai Be,  Cai Lay,  Chua Thanh,  
Cho  Gao districts, My Tho city and a part of Go Cong Tay district. Alluvial deposits are included 
in this soil; (ii) Saline soil covers 34.552ha occupying most of Go Cong Dong district, Go Cong 
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town and a part of  Cho Gao district; (iii) alkaline soil covers 45,912 ha and is distributed mainly 
in low-lying areas of Dong Thap Muoi including Cai Be, Cai Lay and Tan Phuoc districts; (iv) 
sandy soil covers 7,336 ha and is scattered in Cai Lay, Chau Thanh, Go Cong Tay districts, and 
is concentrated in Go Cong Dong district. In general, the alluvial soil covers the most of the land 
surface (up to 53%), and the rest is the alkaline soil (about 19.4%) and the saline alluvial soil 
(about 14.6%). 
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V. ANTICIPATED ENVIRONMENTAL IMPACTS AND MITIGATION MEASURES 

A. Project Application Phase and Screening Process 

86. Project application phase. This is the phase where the household or farm owner 
presents his interest to participate in the program. Participation forms and forms to receive 
subsidies, grants or loans have to be prepared and filled out. To receive e.g. a bank loan, 
currently in Viet Nam no environmental requirements have to be fulfilled by the borrower. One 
sentence pointing out the purpose of the loan/subsidy (e.g. ‘treatment of animal waste’, 
‘production of biogas’, ‘use dung/effluents as fertilizer etc.) is usually sufficient to receive 
approval for the project. It is supposed that no adverse environmental impacts will result in the 
application phase. However, it is recommended that the borrower/applicant describes in a more 
detailed manner the project and the advantages or impacts/risks for the environment when 
realizing the project. 
 
87. Screening of biogas projects: For all MBPs and LBPs, before the start of any 
construction of any MBPs or LBPs, ADB’s screening procedure will be applied and conducted 
by the relevant PPMUs using ADB’s rapid environmental assessment checklist (Annex 1). This 
checklist, together with the environment categorization form (Annex 3) will be submitted to ADB 
for endorsement. If the MBP or LBP is confirmed as category B project according to the 
screening procedure, an IEE (see Annex 3) for the outline of the IEE) is required. The IEE of the 
first proposed MBP and the IEE of the first proposed LBP will be submitted to ADB for review 
and approval prior to construction. If the quality is acceptable and consistent with ADB’s 
Safeguard Policy Statement 2009 then the subsequent IEEs can be approved by the Project 
Director in the CPMU. No MBP or LBP with significant environmental adverse impacts (category 
A) will be selected.  
 
B. Project Preparation Phase/Project Planning Phase 

88. The project preparation phase comprises the selection of the appropriate technology and 
design for the planned biogas plant. In addition, the dimensioning of the plant and the 
preparation of the design/construction plans and design/construction drawings of the plant have 
to be carried out. For households, by law no environmental permits have to be presented to the 
authorities at present. In this phase, an EIA is required for new cattle farms with more than 500 
cows or 1,000 pigs and new poultry farms with more than 20,000 poultries. Farms with less than 
1,000 pigs only need an EPC (Environmental Protection Commitment). Also, for all extension 
projects of an existing farm (if exceeding the before mentioned livestock numbers) a new EIA 
study has to be presented. If the MBP or LBP is confirmed as category B project according to 
the screening procedure, an IEE (see Annex 3 for the outline of the IEE) will be submitted to 
ADB for endorsement before any construction can start.  
 
89. Besides the possible adverse environmental impacts, in the IEE the biogas plant’s 
design should be presented. The necessary mitigation measures should be described and the 
environmental management and monitoring plans must be presented in detail. 
 
90. The IEE study should refer to the plant’s design and technology used. The study has to 
be prepared by independent consultants or individuals and not by people that are later on 
involved in the evaluation of the study on authority level. The design of the plant must 
correspond to the expected volume of dung to be treated and the volume of water used for 
stable rinsing, to avoid over- or under-dimensioning of the plant. Incorrect dimensioning might 



22 
 

result in the fact that the feeding of the plant results in too short or too long retention times of the 
dung in the digestion process. In the first case this can result in dung that is not completely 
digested (Retention time is too short). The out-coming bio-slurry therefore smells and still has 
digestion potential (biodegradable organic compounds) that can be transformed into biogas. 
 
91. It is recommended that an initial theoretical training for the applicant on his/her future 
biogas plant should be performed. This can be done e.g. by a freelance biogas expert or by 
experts from other institutions (e.g. universities, environmental authorities like Ministry of Natural 
Resources and Environment (MONRE)/DONRE or others). It is recommended that 
environmental mitigation measures be considered in the project’s planning phase. The 
implementation of these measures should be monitored by the relevant PPMU. Monitoring of 
impacts should also be performed according to a set schedule tailored to the technology/model 
of the plants (e.g. repeated check of gas-tightness of the biogas plants and corresponding 
appliances). 
 
92. It is expected that no direct adverse environmental impacts will result during the project’s 
planning and design phase. However, environmental mitigation measures should already be 
addressed and taken into consideration in the project planning phase. 
 
93. Mitigation measures include: 

 Check of gas-tightness of the plant and all appliances to avoid release of un-burned 
greenhouse gases to the atmosphere. 

 Substrate storage tanks (dung tanks) should be closed to avoid smells and 
annoyance of the neighborhood as well as proliferation of flies and other insects. 

 Correct design of the plant to avoid over- and under-feeding of the biogas plant (over 
or under-dimensioning). 

 Training of the farmers/households on the technology of the plant to be installed. 
 Training how to dilute the dung with water to be feasible for feeding into the biogas 

plant. 
 Flood protection measures must be applied to plants located in regions close to 

rivers or with expected heavy rainfalls to avoid flooding of the plants and transfer of 
pollution into the soil, the groundwater and the neighborhood. 

 Risk of explosions can be reduced when all open flames are strictly prohibited in a 
circle of around 20m around the plants and when the biogas plant is regularly 
checked for gas-tightness. 

 Extinguishers or water emergency pumps must be available at households and 
farms and at least 2 persons must have been trained how to use an extinguisher 
correctly. Maintenance intervals of the extinguishers must be adhered to, inclusion of 
these into monitoring may be necessary. 

 Entrance holes e.g. for cleaning the plants must be locked by padlocks to avoid that 
people, esp. children, can fall into the plant. The key for the padlock should be 
controlled by the responsible person. 

 
94. The above list of possible mitigation measures must be taken into consideration already 
during the project’s preparation/planning phase. The above presented list is probably not 
complete but gives an impression of the necessary preliminary measures. 
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C. Project Implementation Phase 

95. The project implementation phase is distinguished into two sub-phases: the preparation 
of the substrate (dung) for digestion and the project’s construction phase. The latter phase is 
divided into two subsequent phases: the production of construction and installation materials 
and the construction of the biogas plant itself. 
Phase of substrate preparation 
 
96. Activities in this phase are very similar for household and farm biogas plants as well. The 
main activities during this phase include: 

  Construction of substrate (dung) storage tanks or storage beds and bags (households/ 
farms). 

  Pre-treatment (preparation) of the dung. 
 

97. Possible impacts that can result from this phase include: 
  Occurrence of smells in case the storage containers are not closed. 
  Attraction of flies, insects and rodents. 
  Leakages resulting in penetration of pollution into the soil and groundwater (leachate 

infiltration).  
  Initial biodegradation of organic compounds can result in production of greenhouse 

gases, esp. methane, in the tanks and beds if the dung is stored too long. 
  Over-flooding of drying beds in case of strong rains (esp. in the rainy season) which can 

result in the distribution of organic compounds (pollution) into the households/farms’ 
surroundings, affecting also neighbours living close by. 

  Inadequate discharge of the storage tanks’ cleaning water. 
 
98. To mitigate these impacts, the storage tanks and beds should be closed to avoid bad 
smells. They also should be underground-sealed to avoid penetration of leachate into the soil 
and groundwater. The side walls of the beds should be high enough to resist against flooding. 
To avoid biodegradation in the tanks, a simple aeration system (air pump with disburser) can be 
installed – if not too expensive for very small farms. The latter seems not necessary for 
household storage devices. 
 
 1. Construction phase 
 
99. Production/fabrication of construction and installation material. Most of the existing 
biogas plants use the KT1, KT2, KT31 and the composite design and technology. HDPE is 
mainly applied on larger farms and for bigger biogas plants. The impacts that can result from the 
production of the construction materials should be taken into consideration. 
 
100. Production of construction materials: To construct KT1, KT2 and KT31 designs, bricks 
and cement is needed. Both are in general bought from the producing factory or from a supplier. 
These materials are not produced on-site at the household and small farm premises. Therefore, 
only indirect environmental impacts result during this project construction phase. These indirect 
impacts are related to the production of bricks and cement in the corresponding factories. The 
environmental impacts resulting from the production of the materials must be minimized and 
monitored at the producers’ factories. 
 
101. However, the handling of these materials during construction of the biogas plant on-site 
can result in low to medium impacts onto the environment and human beings. The handling of 
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bricks can injure the workers when being dropped, being cut up or handled without caution. To 
mitigate these impacts, the workers should use labour protective items like helmets, leather-
working gloves and protective shoes (no sandals or slippers). They also should not work in T-
shirts. 
 
102. The use and storage of cement can result in dust emissions in case of wind or heavy 
storms, not only affecting the workers, but also the surrounding neighbourhood like families 
living nearby, and livestock in pens and stables. Cement, especially its low-diameter particles, 
can penetrate the lungs. In addition, in contact with water cement reacts and turns into a hard 
and inert product. If this chemical reaction takes place in human or animal lungs, medium 
severe damages can be the result.  
 
103. To mitigate these impacts, dust emissions should be reduced as best as possible (e.g. 
cover of storage sacks with plastic slides, opening of only one sack for usage, avoid working 
with cement when windy or stormy, use water sprayers to precipitate dust etc.). To protect the 
workers, respiration masks should be applied. When working with cement, the doors and 
windows of houses in the surrounding neighborhood should be closed. The same applies for 
livestock pens/stables. 
 
 2. Production of installation material 
 
104. For the composite technology, so called installation materials are used. This material 
consists of a mixture of plastic with fibreglass, organic hardeners and glue. The exact 
composition of the composite material is not known to the environmental team. The resulting 
impacts are first of all in parts related to the production of composite in the corresponding 
factories. These impacts are indirect and concentrate mainly on bad (organic) smells and solid 
waste resulting from useless fibers etc. Direct impacts on-site during installation of the biogas 
plant using the above mentioned material are dust from cutting/sawing of material, resulting 
partly in low diameter particles (lung penetrable) as well as strong smells due to the use of glue 
to join (stick together) the different parts of composite together. Apparently the glue, most 
probably a mixture of organic solvents and other organic compounds, is medium toxic as it was 
reported that some workers got headaches when using the glue. The composition of the glue is 
not known to the environmental team. However, the application of glue lasts only for a few 
hours, the time necessary to join together the composite parts.  
 
105. The above mentioned impacts (dust, smell, organic solvent evaporation) affect the 
workers and the nearby surrounding neighborhood. To mitigate these temporary impacts, the 
workers should use respiration protection when applying glue, and the doors and windows of 
surrounding houses should be closed. No work should take place in windy and stormy 
conditions, to prevent spread of dust and smells into the vicinity of the neighborhood and into 
the wider environment. 
 
 3. Plant construction phase 
 
106. The plant construction phase starts in general with earth works for both, household 
biogas plants and farm biogas plants. However, for farms earth works are in general more 
intensive than for household plants. The consultants expect that the impacts resulting from 
earthworks for household plants are mainly negligible. The pits to be dug are normally not wider 
than some 4 to 5 m and require a depth of some 3m. Thus, only some 12 to 15m³ of earth must 
in general be discharged or transported for small and household biogas plants. 
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107. The environmental impacts resulting from digs for the construction of medium and large 
sized farm-based biogas plants are, besides others: 

 Excavation of large amounts of earth. The earth can either be distributed on the farm 
itself, or, if not possible, it must be transported to a construction waste dump site. The 
latter results in transport traffic and corresponding emissions of truck exhaust gases. 

 For the excavation of the earth, heavy machines (e.g. excavator machines) are used that 
also produce exhaust gases during the working hours. The workers and the 
neighborhood can be affected. 

 In addition, fuel leakages and (used) oil leakages from such machines and trucks must 
be taken into consideration. 

 Especially the groundwater is affected by oil leakages in case the groundwater layer is 
close to the sub-earth.  

 Mobilization of adsorbed chemical compounds during earth works can not be excluded, 
as well as the infiltration of fuel and oil into the groundwater.  

 Earth works also result in the destruction of the soil structure, not only at the place where 
the pit and hole is to be dug, but also around the dig due to compression of the soil 
through the use of heavy machines. 

 Earth works using heavy machines are also linked to high noise levels during the 
working hours of the machines and the frequency of truck traffic also enhances the noise 
level. Trucks are used to transport the construction material to the farms, and to 
transport surplus soil and other material to dump sites. 

 Dust emissions during earth works, esp. in the dry season, are normal.  
 If the soil structure is unstable and the dig is carried out very close to adjacent buildings, 

it can not be ruled out that these buildings receive damages (e.g. wall cracks, damage of 
infrastructure installations like electricity cables, water pipes etc.). 

 Workers can be affected due to work accidents. The construction of medium to large 
size biogas plants lasts for some 2 to 4 weeks and 5 to 10 workers are necessary. 

 
108. To mitigate the above impacts on the environment and human beings the following 
measures should be applied: 

 Transport of surplus earth and other waste only to legally registered dump sites. If the 
soil is distributed on the farm itself, it should be dumped in a way that plants and houses 
are not affected. 

 Machine working hours and truck traffic should be reduced to a minimum but without 
causing unnecessary delay of the construction. Sound and noise filters for excavators 
should be applied.  

 The machines and trucks should not be maintained on-site (e.g. no oil change). Oil 
leakages should immediately be excavated with the affected soil and put in sealed metal 
barrels. These contaminated barrels must be discharged to a legal disposal site or the 
contaminated soil must be burned in adequate incinerators. 

 Before starting earth works very close to houses and stables, the stability of the 
underground and the soil structure must be investigated and checked (pole piling).  

 If the groundwater layer is high, the pit should be underground-sealed immediately after 
the final depth of the hole is reached. 

 Compression of surrounding soil should be avoided in a manner that trucks and 
machines are only allowed to drive on pre-selected tracks and areas. 

 Work should not be conducted during windy and stormy weather in order not to distribute 
dust into the wider environment. 

 Windows and doors of nearby houses and stables should be closed during working 
hours. 



26 
 

 The workers should be provided with adequate labour and security clothing and devices 
(e.g. closed shoes, ear and eye protection, masks and helmets etc.) to be protected as 
well as possible against accidents. 

 A solid and liquid waste management plan should be elaborated and applied for 
collection of solid waste (besides excavated soil) and liquids (e.g. oil). 

 Adequate and environmentally friendly rest rooms and showers should be made 
available for the workers if they stay over-night at the site. 

 
109. The subsequent phase after earth works is the construction of the biogas plant itself. 
Again, strong adverse impacts from the construction of household biogas plants are not 
expected, with the exception of the installation of composite plants (see also above). If the 
construction of the biogas plant is done using bricks, then no severe adverse environmental 
impacts resulting from construction activities are expected. Bricks are made of inorganic inert 
material. The only impact resulting from bricks might be the generation of dust in case the bricks 
must be cut up/sawed up. In this case, only those workers will be affected who cut bricks. 
Respiration masks can mitigate inhalation of such dusts. To transport the bricks to the site for 
the construction of medium and large scale biogas plants, increased truck traffic is expected 
which will also result in the emission of increased truck (diesel) exhaust gases. The workers as 
well as the nearby neighborhood, and people living close to the site’s access road, will be 
exposed temporarily to more diesel exhaust gases. To mitigate this impact, the traffic should be 
reduced to a minimum (traffic plan) and the trucks should drive in higher gears. The same that is 
mentioned for the bricks is also valid for the transport of cement. Dust emissions of cement can 
be avoided when construction work is stopped under heavy windy and stormy weather 
conditions (mitigation measure). If work is continued under windy conditions, the workers should 
be provided with respiration protection masks and the neighborhood’s windows and doors must 
be kept closed. 
 
110. If the construction of the biogas plant is done using composite, the main impact results 
from emissions of organic vapors from hardeners and glue. These organic emissions seem to 
be medium-toxic, however, this still has to be confirmed. The workers as well as the nearby 
neighborhood will be affected during the time of use of such compounds. Workers can be 
protected by using respiration masks and the neighborhood must close all doors and windows. 
It is not clear if livestock also will be affected by organic solvent emissions. If the stables are 
very close to the construction area, it is supposed that livestock will also be affected. In this 
case it is the responsibility of the livestock owner to close the doors and windows of the stables 
(if there are any), or to take livestock out of their stables during use of glue.  
 
111. If the construction of the biogas plant is done using HDPE, it is supposed that no 
adverse environmental impacts result from this activity. Cutting of HDPE will probably not result 
in any impact. Welding of smaller parts of HDPE can result in organic incineration and 
degradation products that smell, as well as vapors. However, this is a very short impact and 
lasts only until the welding is finished. Only the workers doing the job will be exposed to such 
smells. The use of respiration masks can mitigate this impact. No other environmental impacts 
probably arise during construction of HDPE biogas plants. 
 
112. The installation of appliances (pipes, cables, generators etc.) will probably not result in 
any adverse environmental impacts. 
 
113. For medium and large scale biogas plants, environmental impacts will also occur from 
the worker camps in case the workers stay on-site during the entire construction phase. These 
impacts are mainly linked to solid and liquid waste production (e.g. oil spills, cooking and kitchen 
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waste etc.), noise emissions (e.g. TV, radio, football etc.) and production of sanitary wastewater. 
It is also possible that hunting of wildlife can occur, with subsequent impacts on the wildlife itself 
and the flora that will be damaged during hunting. It is therefore necessary to include these 
impacts in the environmental management plan that has to be elaborated during the project’s 
preparation phase. The contractor who will construct the biogas plant must take responsibility 
for his workers and their environmentally friendly behavior during the construction time. 
 
114. In the contractor’s/constructor’s contract it should be fixed that the constructor will take 
into consideration and apply all necessary environmental mitigation measures to reduce as 
much as possible environmental impacts on humans, air, soil, ground water and livestock during 
construction of the plant. This has to be monitored by the farmer/plant owner or by responsible 
local authorities. 
 
115. Finally, it is communicated that all impacts during the construction phase of the biogas 
plants are only temporary impacts that will last from a short period of a couple of days up to 4 to 
6 weeks for large scale biogas plants. 
 
D. Project Operation Phase 

116. Adverse environmental impacts linked to the operation phase of the biogas plant are 
mainly the: 
 

 Impacts resulting from the storage of dung. 
 Impacts resulting from gas production. 
 Impacts on human beings due to unexpected accidents. 
 Impacts of bio-slurry on the environment if discharged untreated to the environment. 

 
117. The possible impacts resulting from the storage of dung and the possible mitigation 
measures are already described here above and are again summarized. 
 
118. Possible impacts that can result from the storage of dung are e.g.: 
 

 Occurrence of smells resulting in attraction of flies, insects and rodents. 
 Leakages resulting in pollution of the soil and groundwater (leachate infiltration).  
 GHG production during longer storage periods and increased ambient temperatures. 
 Over-flooding of beds and pollution of households/farms as well as the neighbors. 

 
119. Mitigation measures include: 
 

 Closure of all storage tanks and beds.  
 Beds should be underground-sealed to avoid penetration of leachate into the soil and 

groundwater.  
 The beds’ side walls must be high enough to resist against flooding.  
 To avoid biodegradation in the tanks, a simple aeration system can be installed. 

 
120. To avoid that the dung fed into the digester is neither too thick nor too liquid, the correct 
mixture of dung and water and/or commercial products supplying micro-organisms (not yet in 
common use in Viet Nam) should be applied, to guarantee the best possible biodegradation and 
to yield as much biogas (methane) as possible. The farmers should be trained on this issue by 
independent biogas experts, universities or other relevant persons. It is therefore recommend 
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that a training component for farmers and households should be included into the project, to 
make sure that the new investments are sustainable. 
 
121. The environmental impacts that can result from the biogas production unit and periphery 
units are: 

 
 Gas leakages resulting from the bio-digester. 
 Gas leakages resulting from the gas pipes. 
 Gas leakages resulting from the appliances and generators. 

 
122. Other impacts that may be considered as side-effects of the biogas production are: 
 

 Burning of surplus gas without any previous use resulting in CO2 emissions. 
 Release of un-burned biogas directly into the atmosphere, resulting in high contribution 

to GHG emissions. 
 Intoxications of people living close to the digester, esp. due to respiration of CO and H2S 

gases. 
 Explosions caused by methane and – to a lower extent – carbon monoxide. 
 Corrosion of pipes, generators and appliances due to continuous contact with hydrogen 

di-sulphide. 
 

123. To mitigate the above presented impacts, the following measures can be applied: 
 

 The bio-digesters must be checked for gas-tightness. All valves, pipe connections, 
pumps (if used) and devices that have contact with gas should regularly be checked for 
gas-tightness. This can easily be done by checking for H2S smells directly at the 
devices, pipe connections or valves. In some cases, also bubble-counters/meters can be 
applied. For large scale bio-digesters the owner should be supplied with or should be 
forced to buy H2S- and CH4-gas detectors. These are very small glass tubes that are 
filled with an indicator substance that changes colour if coming into contact with 
methane or H2S. It is recommended that the gas-tightness of the digester and all devices 
should be checked and monitored by the biogas plant’s owner every three months for 
large scale and every three to six months for medium scale biogas plants. For small farm 
and household plants, the check of gas-tightness depends on the expected volume of 
biogas. However, the monitoring should be in a 1-year rhythm. The frequency of 
monitoring on gas tightness to be carried out by the Environmental Monitoring Unit 
(official monitoring). 

 Burning of surplus gas should be avoided as much as possible. Other possible usages, 
e.g. transfer to neighborhood families (for cooking and lighting), should be checked 
before burning surplus gas. Already during the project’s preparation phase it must be 
checked if surplus gas will occur or not (estimation/calculation of the expected biogas 
resulting from a known volume of dung and estimation how much gas can be used 
internally at the farm). If no generator to produce electricity is used, surplus gas will most 
probably be produced. An appropriate use of this gas should already be defined during 
the project’s preparation phase. 

 Biogas should never be released unburned to the atmosphere as methane contributes 
21 times more to greenhouse effects in the atmosphere than carbon di-oxide. The 
release of unburned biogas must be monitored by the CPMU and PPMUs. In provinces 
where MBPs and LBPs will be installed, an environment specialist from the relevant 
Provincial Department of Natural Resources and Environment (DONRE) will be 
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seconded to the PPMU for environmental management and monitoring tasks. In case a 
polluter is found, he/she must be punished severely, as the release of unburned biogas 
contradicts the CDM mechanism and makes it un-sustainable.  

 
124. To use up produced biogas, all SBPs, MBPs and LBPs should be equipped with quality 
pipeline and suitable biogas appliances. Specific requirements for each type of biogas plants 
are summarized as follows:  
 

 SBPs from 4m3 to 50m3 should installed with quality gas piping with main gas valve, over 
pressure valve, H2S filter, condense water trap, pressure indicator in the kitchen, and 
good quality biogas cooking stoves (biogas for lighting is seldom applied in Vietnam);  

 MBPs from 50m3 to 1000m3 should be equipped with quality gas piping with main gas 
valve, over- and under-pressure valve, H2S filter, condense water trap, pressure 
indicator, adequate flare, monitoring set for biogas quantity and good quality biogas 
GENSET for electricity generation, which may operate at least 8000h/year (the available 
Chinese GENSETS are designed for 12h continuous operation time per day resulting in 
4400h/year), automatic engine governor system, and/or other appropriate biogas use 
appliances;  

 Large-scale covered lagoon biogas plant systems from 1000m3 to 190,000m3 should be 
equipped with quality gas piping with ex-proofed gas blower, main gas valve, over 
pressure valve, H2S filter, condense water trap, pressure indicator, adequate flare, 
monitoring set for biogas quality and quantity and good quality biogas GENSET for 
electricity generation, which may operate 4400h/year, automatic engine governor 
system, and/or other appropriate biogas use appliances;  

 Large-scale completely stirred tank reactor (CSTR) biogas plant systems from 1000m3 
(500m3 could also be possible) to 5,000m3 should be equipped with quality gas piping 
with ex-proofed gas blower, main gas valve, over- and under-pressure valve, H2S filter, 
condense water trap, pressure indicator, adequate flare, monitoring set for biogas 
quality, quantity and operational energy consumption; (viii) good quality combined heat 
and power generation set (CHP) for electricity generation (in North and Centre of Viet 
Nam a GENSET will not be sufficient, as heat may be needed for the digester itself), 
which may operate at least 8000h/year, automatic engine governor system.  

 
125. In case the biogas produced is not used for any purposes, a flare can be used to burn 
biogas (methane) in order to get rid of releasing unburned biogas into the atmosphere. 
However, the flare has to meet certain technical requirements of (i) enclosed flared19 design and 
installation; (ii) temperature inside the flare is above 500oC and, (iii) flare’s efficiency is at least 
50%.  
 
126. Intoxication of people (including livestock) living close to a medium or large scale biogas 
plant can be avoided if the plants are checked for gas-tightness on a regular basis. The same is 
valid to avoid explosions. However, cooking and lighting devices must be in proper condition 
when used, and should also be maintained properly to reduce the risk of explosion. 
 
127. Corrosion of pipes, devices and appliances that come into contact with hydrogen di-
sulfide is difficult to avoid. It would be best to use substrate (dung) with low contents of sulfur. 
However, this is not always possible for livestock farms. The medium content of sulfur in dung 
should therefore be estimated from trials and experiences presented in publication and 

                                                            
19 Enclosed flares are defined as devices where the residual gas is burned in a cylindrical or rectilinear enclosure that 

includes a burning system and a damper where air for the combustion reaction is admitted. 
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international literature. The dilution volume with water should be taken into consideration and 
then the expected content of H2S in the gas should be estimated. On that basis, it can be 
decided (for medium and large scale digesters with high biogas yield) to install a H2S trap 
(wash-out using sodium thiosulfate) or a filter to reduce the corresponding corrosion and to 
enhance the lifetime of the appliances and generators. 
 
128. Other impacts resulting from the operation phase include: 

 
 Damages to human beings caused by accidents, e.g. children, maintenance workers or 

others falling into the bio-digester. 
 Occurrence of smells and odors generated by the dung storage tanks and the bio-

digester itself. 
129. Mitigation measures for impacts identified in para. 127 include: 
 

 Accidents can be avoided when the entrance holes of a bio-digester are kept closed and 
locked at all times. 

 Use of closed dung storage tanks and drying beds. 
 Check of gas-tightness on regular basis. 

 
130. The environmental impacts that can result from the bio-slurry in the system are: 
 

 Leakages of the bio-digester can result in penetration of bio-slurry into the soil, not only 
contaminating the soil but also the groundwater. This is of course a severe pollution if 
the groundwater layer is high and the groundwater is used for drinking water purposes. 
In case the digester is installed close to neighboring houses of other families, these will 
also be affected. 

 A too low hydraulic retention time of the dung in the bio-digester results in smelly bio-
slurry (high remaining organic charge) and reduces the possible yield of methane for 
useful purposes (not all biodegradable compounds are digested by the bacteria). 

 All leakages and also short retention times enhance the risk that pathogen micro-
organisms are spilled out of the bio-digester, affecting the close environment. 

 
131. Possible mitigation measures for impacts identified in para. 129 include: 
 

 As previously mentioned for gas-tightness, the biogas plant should periodically be 
checked for leakages. 

 As previously mentioned, the necessary hydraulic retention time to bio-degrade the dung 
and to produce maximum yield of biogas must be determined in the project’s preparation 
phase and be applied in the operation phase. Not too much and not too little water 
should be used to prepare the dung. The farmers/households should be trained how to 
determine to correct dilution ratio. The retention time is mostly given through the 
dimension of the plant. 

 For leakages see above. 
 

132. The main environmental impacts that can result from bio-slurry/wastewater 
mismanagement and inadequate disposal are described below: 
 

 Eutrophication of surface water (decrease of water quality, uncontrolled algae growth, 
damage to fish and other aquatic life) due to the input of inorganic and organic 
compounds. 
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 Contamination of groundwater with water soluble inorganic and organic compounds. The 
pollution has to be considered as severe in case the groundwater is used for drinking 
water abstraction. 

 Leaching of nitrate, other soluble inorganic and organic compounds and possible 
pathogens to the groundwater from bio-slurry storage facilities and lagoons or from 
agricultural fields on which high doses of bio-slurry have been applied.  

 Accumulation of nutrients in the soil if high concentrations of bio-slurry are applied.  
 Natural areas such as wetlands and mangrove swamps are directly impacted by water 

pollution, often leading to biodiversity losses. 
 Air pollution is mainly the result of ammonia (NH4), di-hydrogen sulphide (H2S) as well as 

emissions of organic compounds (aldehyds, ketones, organic sulphur compounds etc.), 
resulting from subsequent aerobic and anaerobic degradation of bio-slurry. Strong 
smells and odors can affect the neighborhood. 

 
133. In general, bio-digesters do not produce any solid waste in high volume. Solids in the 
dung are partly discharged with the bio-slurry out of the digester, if small enough. Larger solids 
will sediment on the bio-digester’s bottom. These sedimented solids have to be periodically 
removed from the bio-digester. They can be composted and then used as fertilizer. The bio-
sludge coming out of the bio-digester can either be dried (in Viet Nam in drying fields under 
open skies) or be used in its wet form for application on agricultural land as soil improvement 
means or soil fertilizer. The semi-dried or dried sludge can also directly be used for application 
on agricultural land. However, the sludge can also be pre-dried, composted and then used as 
fertilizing compost for many applications. It is in general expected that the dried sludge or 
compost is no longer contaminated with high numbers of harmful pathogens. Nevertheless, 
some parasites in their persistent forms (worm eggs, resistant spores) can survive the 
anaerobic treatment process in the bio-digester and the drying/composting process. However, 
an infection risk is hardly expected. Hazardous or toxic organic compounds (e.g. pharmaceutical 
products like antibiotics, cytostatica, livestock drugs etc.) are mostly degraded during anaerobic 
treatment and composting. Heavy metals, if present, are of course not affected by degradation 
and will remain in the sludge or compost. The picture changes a bit when considering the pre-
treated effluents from the bio-digesters. Pathogenic microorganisms, helmiths and worms can 
more easily survive the anaerobic treatment in the bio-digester than in compost production. The 
subsequent use of these effluents should therefore be determined by the foreseen application. 
E.g. for irrigation purposes of fruit and vegetables higher quality standards should be applied 
than for application of the water on wetlands or cereal crops. Depending on the intended use of 
the effluents, testing for health risks, or standardized pre-treatments, should be required. For 
further information on the use and treatment of digestate and bio-slurry, refer to Annex 5.  
 
E. Project Decommissioning Phase 

134. This phase is dominated by the production of solid waste once the biogas plant has 
reached the end of its useful lifetime and must be dismantled. Environmental impacts can result 
from: 
 

 Solid waste resulting from brick waste. The main impact will be dust emissions during 
dismantling of the plant. 

 Solid waste resulting from composite and HDPE biogas plants. The main impact will be 
the generation of smells and odours when cutting the materials using burners or 
welders. These smells might be toxic.  
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 Increased truck traffic during dismantling of the plant and filling of the remaining pit (if not 
used for a new biogas plant), resulting in increased diesel exhaust gas emissions and 
dust emissions. 

 
135. Possible mitigation measures to reduce the environmental impacts are: 
 

 Water spraying when dismantling brick-constructed biogas plants, to wash out solid dust 
particles. Undamaged bricks might be reused. Other solid brick waste can be used in 
road construction, e.g. as under-layers.  

 The workers should use respiration masks and the windows and doors of neighboring 
houses should be kept closed.  

 It is not clear if composite waste and HDPE waste can be reused. This should be 
checked at a later stage. If this is not possible, the waste must be transported to a legal 
disposal site. 

 Reduction of truck traffic as far as possible. Use of well-defined access roads only and 
tracks on-site of the farms. 

 
136. The above presented impacts are all temporary and last only for the time of dismantling 
of the biogas plants. However, the discharge and dumping of composite and HDPE waste is 
definitely a long-term and therefore a severe environmental impact. It also cannot be excluded 
that organic compounds will be released into the atmosphere during the many years that 
degradation of this waste will last. 



33 

 
VI. INFORMATION DISCLOSURE, CONSULTATION, AND PARTICIPATION 

137. Based on ADB requirements, the following safeguard documents to be prepared and 
submitted by CPMU/PPMUs shall be posted on ADB website: 

(i) Final IEE, as approved by ADB, upon receipt from DONREs; 
(ii) New or updated environmental assessment reports if prepared to reflect 
 significant changes in the project during design or implementation; 
(iii) Corrective action plan prepared during project implementation to address 
 unanticipated environmental impacts and to rectify non-compliance to EMP 
 provisions; 
(iv) Semi-annual environmental monitoring reports submitted by CPMU/PPMUs 
 during project implementation upon receipt; and 
(v) Report on impacts resulting from project closure and dismantling.  

 
138. CPMU/PPMUs shall be responsible for ensuring that all environmental assessment 
documents and environmental monitoring reports are properly and systematically kept as part of 
the project record. MONRE/PPMUs shall make these documents available in a form, language 
and at a location in which they can be readily accessed by stakeholders.  
 
139. Since the project location was not defined during the preparation of TA 7251 as well as 
LCASP, the environment team only carried out the consultation with relevant stakeholders via a 
number of field trips to potential project provinces. Nine Provincial Departments of Agriculture 
and Rural Development (DARDs), 16 livestock households and 12 livestock farms were 
consulted during the trips. The information in advance of the project and the expected impacts 
and the proposed mitigation measures were disseminated. The team gathered information on 
relevant concerns of the relevant stakeholders so as to address these in the project 
implementation stages. 
 
140. The main environmental concern expressed during the consultation process was the 
releasing of biogas into the atmosphere, as the farms do not have suitable devices for to make 
use of the biogas produced. Other responses mainly concerned the bad quality of bio-slurry due 
to limitation in designs and inadequate operation of the plants. The environmental concerns 
raised by the stakeholders shall be controlled and minimized by thorough implementation of the 
EMP. In addition, both the authorities and the concerned people are highly aware of the benefits 
and the impacts of biogas digesters. They asked for more technical designs to select the most 
suitable biogas digester to deal with animal waste, especially for medium and large scale biogas 
plants.  
 
141. It is important that when the location of the medium and large biogas plants are 
identified, further consultation process be carried out to ensure environmental concerns from the 
project communities are taken into account, and mitigation measures are proposed. For medium 
and large biogas plants that are classified as category B, which requires an IEE, its IEE will be 
made available at public locations in the city and will be disclosed to a wider audience via the 
ADB website. The consultation process will be continued and expanded during project 
implementation to ensure that stakeholders are fully engaged in the project and have the 
opportunity to participate in its development and implementation.  
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VII. GRIEVANCE REDRESS MECHANISM 

 
142. A project grievance redress mechanism (GRM) will be established to receive, evaluate 
and facilitate the resolution of affected people’s concerns, complaints and grievances about the 
social and environmental performance at the level of the project. The GRM will aim to provide a 
time-bound and transparent mechanism to voice and resolve environmental concerns linked to 
the project (component 1). 
 
143. The CPMU and PPMUs will make the public aware of the GRM through public 
awareness campaigns, training and capacity building. The contact phone number of the 
respective CPMU staff and PPMUs will serve as a hotline for complaints and will be publicized 
through the media and placed on notice boards outside their offices. The project information 
leaflet/biogas user handbook will include information on the GRM and will be widely 
disseminated throughout the project area by the environmental officers in the CPMU and 
PPMUs. Grievances can be filed in writing using the Complaint Register and Complaint Forms 
(Annex 4) or by phone with any member of the CPMU or PPMUs. 
 
144. First tier of GRM. The provincial technician/environmental officer under PPMU is the first 
tier of GRM which offers the fastest and most accessible mechanism for resolution of 
grievances. The provincial technician/environmental officer will be designated as the key officers 
for grievance redress. Resolution of complaints will be done within 10 working days. At this 
stage, the district technician will inform the CPMU for additional support and guidance in 
grievance redress matters. Investigation of grievances will involve site visits and consultations 
with relevant parties (e.g., affected persons, contractors…) Grievances will be documented and 
personal details (name, address, date of complaint, etc.) will be included unless anonymity is 
requested. A tracking number will be assigned for each grievance, including the following 
elements:  

(i)  Initial grievance sheet (including the description of the grievance) with an 
 acknowledgement of receipt given to the complainant when the complaint is 
 registered;  
ii)  Grievance monitoring sheet with actions taken (investigation, corrective 
 measures);  
(iii)  Closure sheet, one copy of which will be handed to the complainant after he/she 
 has agreed to the resolution and signed-off. 

 
145. The updated register of grievances and complaints will be available to the public at the 
PPMU office. Should the grievance remain unresolved it will be escalated to the second tier.  
 
146. Second Tier of GRM. The central biogas engineer/environmental officer in CPMU will 
activate the second tier of GRM by referring the unresolved issue (with written documentation) 
to the CPMU who will pass unresolved complaints upward to the Grievance Redress Committee 
(GRC). The GRC will be established by CPMU. A hearing will be called with the GRC, if 
necessary, where the affected person can present his/her concern/issues. The process will 
facilitate resolution through mediation. The local GRC will meet as necessary when there are 
grievances to be addressed. The local GRC will suggest corrective measures at the field level 
and assign clear responsibilities for implementing its decision within twenty (20) working days. If 
unsatisfied with the decision, the existence of the GRC will not impede the complainant’s access 
to the project director.   
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VIII. ENVIRONMENTAL MANAGEMENT PLAN 

147. The purpose of the Environmental Management Plan (EMP) is to ensure that all 
construction work (project implementation phase), all operation of biogas plants (project 
operation phase), and all decommissioning of biogas plants (project decommissioning phase) 
undertaken under the LCASP project, are environmentally sound, comply with Vietnamese 
environmental legislation and laws, and wherever possible, satisfy the provisions of the 
Environmental Assessment Report. The primary concern will be to screen all new work 
proposals for potential environmental impacts, and to influence the design and implementation 
of these in order to ensure that they are environmentally sound. The EMP is summarized in 
Table 5 below.  

 

Table 5: Environmental Management Plan 

Potential environmental impact Mitigation measures Schedule 
Responsi-
ble entity 

Pre-construction phase (substrate preparation) 
Occurrence of smells in case the 
storage containers are not closed 

The storage tanks and beds 
should be closed to avoid  bad 
smells.  

Before 
biogas plant 
construction 

Farms 

Attraction of flies, insects and 
rodents 

The storage tanks and beds 
should be sealed 

Leakages  resulting  in  penetration  
of  pollution  into  the  soil  and  
groundwater 
(leachate infiltration) 

They also should be underground-
sealed to avoid penetration of 
leachate into  the soil and 
groundwater 

Initial biodegradation of organic 
compounds   can   result   in   
production   of greenhouse gases, 
esp. methane, in the tanks and 
beds if the dung is stored too long. 

To avoid biodegradation  in the 
tanks,  a simple aeration system 
(air pump with disburser) can be 
installed 

Over-flooding of drying beds in case 
of strong rains (esp. in the rainy 
season) which  can result in the 
distribution of organic compounds 
(pollution) into the 
households/farms surroundings, 
affecting also neighbors living close 
by 

The side walls of the beds should 
be high enough to resist against 
flooding. 

Construction phase 
Excavation of large amounts of 
earth. The earth can either be 
distributed on the farm itself, or, if 
not possible, it must be transported 
to a construction waste dump site. 
The latter results in transport traffic 
and corresponding emissions of 
truck exhaust gases. 

Transport of surplus earth and 
other waste only to legally 
registered dump sites. If the soil is 
distributed on the farm itself, it 
should be dumped in a way that 
plants and houses are not affected 

During 
construction 
of biogas 
plant at 
farms 

Farms, 
constructor 
and 
PPMUs 

For the excavation of the earth, 
heavy machines (e.g. excavator 
machines) are used that also 
produce exhaust gases during the 
working hours. The workers and the 
neighborhood can be affected 

Machine working hours and truck 
traffic should be reduced to a 
minimum but without causing 
unnecessary delay of the 
construction. Sound and noise 
filters for excavators should be 
applied 
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Potential environmental impact Mitigation measures Schedule 
Responsi-
ble entity 

Dust emissions during earth works, 
esp. in the dry season, are normal 

Work should not be conducted 
during windy and stormy weather 
in order not to distribute dust into 
the wider environment 

If the soil structure is unstable and 
the dig is carried out very close to 
adjacent buildings, it cannot be 
ruled out that these buildings 
receive damages (e.g. wall cracks,  
damage of infrastructure 
installations like electricity cables, 
water pipes etc. 

Before starting earth works very 
close to houses and stables, the 
stability of the underground  and  
the  soil  structure  must  be  
investigated  and  checked  (pole 
piling) 

Workers can be affected due to 
work accidents. The construction of 
medium to large  size biogas plants 
lasts for some 2 to 4 weeks and 5 to 
10 workers are necessary 

The workers should be provided 
with adequate labor and security 
clothing and devices (e.g. closed 
shoes, ear and eye protection, 
masks and helmets etc.) to be 
protected as well as possible 
against accidents 
Project operation phase 

Impacts resulting from the storage 
of dung 
- Occurrence of smells resulting in 
attraction of flies, insects and 
rodents 
- Leakages resulting in pollution of 
the soil and groundwater (leachate 
infiltration). 
- GHG production during longer
 storage periods and 
increased ambient temperatures 
- Over-flooding  of  beds  and  
pollution  of  households/farms  as  
well  as  the neighbors 

- Closure of all storage tanks and 
beds 
- Beds should be underground-
sealed to avoid penetration of 
leachate into the soil and 
groundwater 
- The beds� side walls must be 
high enough to resist against 
flooding 
- To avoid biodegradation in the 
tanks, a simple aeration system 
can be installed 

After biogas 
plants are 
constructed 
and put into 
operation 

 

Impacts resulting from gas 
production 
- Gas leakages resulting from the 
bio-digester 
 
- Gas leakages resulting from the gas
pipes. 
 
- Gas leakages resulting from the 
appliances and generators 

The bio-digesters   must be 
checked   for   gas-tightness.  
All valves, pipe connections, 
pumps (if used) and devices that 
have contact with gas should 
regularly be checked for gas-
tightness. 
Burning of surplus gas should be 
avoided as much as possible. 
Other possible usages, e.g. 
transfer to neighborhood families 
(for cooking and lighting), should 
be checked before burning surplus 
gas 
- Biogas  should  never  be  
released  unburned  to  the  
atmosphere, an enclosed flare has 
to be installed 

After biogas 
plants are 
put into 
operation; 
For small 
farm and 
household 
plants, the 
check of 
gas-
tightness 
depends on 
the 
expected 
volume of 
biogas. 
However, 
the 
monitoring  
should be in 

Farms, 
PPMUs for 
all 
provincial 
MLBPs 
and CPMU 
for 
samples 

Impacts on human beings due to - Intoxications of people (including 
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Potential environmental impact Mitigation measures Schedule 
Responsi-
ble entity 

unexpected accidents 
 

livestock) living close to a medium 
or large scale biogas plant can be 
avoided if the plants are checked 
for gas-tightness on a regular 
basis. 
- The same is valid to avoid 
explosions. However, cooking and 
lighting devices must be in proper 
condition when used, and should 
also be maintained properly to 
reduce the risk of explosion. 

a 1-year 
rhythm 

Impacts  of  bio-slurry  on  the  
environment  if  discharged  
untreated  to  the environment: 
- Leakages of the bio-digester can 
result in penetration of bio-slurry 
into the soil, not only contaminating 
the soil but also the groundwater. 
This is of course a severe pollution 
if the groundwater layer is high and 
the groundwater is used for drinking 
water purposes. In case the 
digester is installed close to 
neighboring houses of other 
families, these will also be affected  
- A too low hydraulic retention time 
of the dung in the bio-digester 
results in smelly bio-slurry  (high 
remaining  organic  charge)  and  
reduces the possible yield  of 
methane for useful purposes (not all 
biodegradable compounds are 
digested by the bacteria). 
- All leakages and also short 
retention times enhance the risk 
that pathogen micro- organisms are 
spilled out of the bio-digester, 
affecting the close environment 
- Eutrophication of surface water 
(decrease of water quality, 
uncontrolled algae growth, damage 
to fish and other aquatic life) due to 
the input of inorganic and organic 
compounds 
- Contamination   of   groundwater   
with   water   soluble   inorganic   
and   organic compounds.  The  
pollution  has  to  be  considered  as  
severe  in  case  the groundwater is 
used for drinking water abstraction 
- Leaching of nitrate, other soluble 
inorganic and organic compounds 
and possible pathogens to the 
groundwater from bio-slurry storage 

- The biogas plant should 
periodically be checked for 
leakages 
- Farmers /households should be 
trained how to determine to correct 
dilution ratio. The retention time is 
mostly given through the 
dimension of the plant. 
- Sedimented solids have to be 
periodically removed from the bio-
digester. They can be composted 
and then used as fertilizer. The 
bio-sludge coming out of the bio-
digester can either be dried (in 
Vietnam in drying fields under 
open skies) or be used in its wet 
form for application on agricultural 
land as soil improvement means or 
soil fertilizer. The semi-dried or 
dried sludge can also directly be 
used for application on agricultural 
land. However, the sludge can also 
be pre-dried, composted and then 
used as fertilizing compost for 
many applications. It is in general 
expected that the dried sludge or 
compost is no longer contaminated 
with high numbers of harmful 
pathogens. Nevertheless, some 
parasites in  their  persistent  forms  
(worm  eggs,  resistant  spores)  
can  survive  the  anaerobic 
treatment process in the bio-
digester and the drying/composting 
process. 
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Potential environmental impact Mitigation measures Schedule 
Responsi-
ble entity 

facilities and lagoons or from 
agricultural fields on which high 
doses of bio-slurry have been 
applied 
- Accumulation  of  nutrients  in  the  
soil  if  high  concentrations  of  bio-
slurry  are applied 
- Natural areas such as wetlands 
and mangrove swamps are directly 
impacted by water pollution, often 
leading to biodiversity losses 
- Air pollution is mainly the result of 
ammonia (NH4), di-hydrogen 
sulphide (H2S) as well as emissions 
of organic compounds (aldehyds, 
ketones, organic sulphur 
compounds etc.), resulting from 
subsequent aerobic and anaerobic 
degradation of bio-slurry. Strong 
smells and odors can affect the 
neighborhood 

 
Approach 
 
148. Environmental management objectives are as follows: 

 To screen all new works proposed under the project, rapidly assess impacts and 
comment as appropriate on environmental mitigation requirements, assess 
environmental plans of contractors and monitor performance in implementation, 
including health and safety practice. 

 To co-operate with the DONREs/DARDs and the CPMU and advise and inform them on 
all matters relating to project due diligence, while at the same time ensuring that 
Vietnamese’ environmental requirements are met.  

 To assist in the identification, design and implementation of environmental restoration 
works as part of the project. 

 To report to the national authorities on all emerging and outstanding environmental 
management issues, and advise on control and mitigation of environmental risks, 
including health and safety. 
 

149. The net result of the projects to be implemented should be positive. With 
environmentally aware management and sensitive contractor implementation, there will be a 
decrease of environmental risks of pollution and maximum benefits for the owner of the biogas 
plant. Attention to occupational health and safety, as well as environmental health, are key 
aspects of good quality environmental performance. Selected aspects requiring environmental 
management activity are reviewed in the paragraphs below.  
 
Modalities for environmental management and monitoring 
 
150. An Environmental Monitoring Unit (EMU) has to be established under the CPMU. The 
unit will be responsible for the implementation of appropriate management, and for monitoring of 
project works. During the project planning stages a Design and Supervision Consultant should 
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be recruited who will be responsible for supervising the designs and specifications in aspects 
that are deemed to be environmentally sensitive because of: 

 The fragility/ecological importance of the location, endangerment of water bodies/rivers 
or conservation/heritage structure. 

 The nature of the works envisaged, e.g. major changes to the environment, new use of 
areas, unusually high potential for pollution from solid and liquid wastes, or risks of 
technologies employed. 

 
151. The EMU will keep the CPMU informed of environmentally sensitive sites and will 
request their input to ensure compliance with all environmental regulations. The EMU will 
undertake the environmental monitoring tasks as set out below. The EMU will complete 
environmental monitoring forms periodically (frequency to be defined) for major work sites and 
periodically (frequency to be defined) during project operation, and will submit these forms to 
the CPMU for review and comments. Project monitoring forms will be reviewed and updated as 
necessary and, where possible, designed to be related directly to the project activity type. 
Outstanding environmental concerns will be addressed in (yearly) project reports for medium 
and large scale biogas plants, to be submitted to the Vietnamese Environment Protection 
Agency (VEPA). 
 
Environmental monitoring tasks 
 
152. The following environmental monitoring tasks shall mainly be applied to medium and 
large scale biogas plants. Some aspects mentioned here below, however, are also valid for 
household and small biogas plants, and should therefore be taken into consideration for these 
biogas plants as well (aspects to be defined and listed for small plants).  
 
153. During the Construction Phase of any medium and large scale biogas plant to be 
installed by a contractor, the planned construction works need to be approved by the relevant 
governmental agencies, prior to the implementation of any of the works. They will be assessed 
on the fulfillment of required environmental impact mitigation criteria. Particular attention shall 
be paid to: 

 Noise abatement devices on construction and support equipment present on the site, 
with the objective of keeping the noise level within the acceptable construction noise 
standards. 

  Proper equipment of construction camps, storage facilities, health and safety. 
  Adequate facilities for collection and treatment of wastewater, and for storage and 

disposal of solid waste. 
  Drainage systems if necessary, including sedimentation/silt traps. 
  Adequate location and protection of re-fueling facilities, and for storage of hydrocarbons. 
  Provisions and facilities for minimal discharge of fumes and dust. 
  Pumps and devices to prevent material spillage. 
  Approval of borrow pits, disposal sites and dumping areas, where applicable. 

 
154. Construction traffic. The contractor’s arrangements for managing construction traffic 
shall be reviewed. The site inspection team will be alert to the possibility of construction traffic 
causing pavement and structure damage due to overloading. Arrangements, such as plant mud 
reduction and such as wheel washing or construction entrance/exit cleaners, or similar, for 
ensuring that mud is not deposited onto public highways, should be regularly inspected. In the 
event that the contractor does cause damage to any road, he will be required to repair this at his 
own expense as provided for in the contract. 
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155.  Noise nuisance. The level of noise nuisance from construction plant operation shall be 
monitored. The contractor will be required to use only equipment which meets specified noise 
parameters, as stated in the contract documents. No excavation or piling works will be permitted 
within specified distances of noise sensitive premises unless ‘silent’ driving plant is employed. In 
general it is anticipated that no excavation/piling works will be permitted to be undertaken 
outside daylight hours. 
 
156. Water abstraction. The contractor’s arrangements for obtaining water will be monitored 
to ensure that these do not result in competition for scarce water resources with local users. In 
general, by reference to appropriate clauses in the contract, the contractor will be required to 
make suitable arrangements for his own supply, and to provide an alternative supply to any 
users affected by abstraction. 
 
157. Underground sealing. The contractor should underground-seal lagoons that are going to 
be covered with HDPE as gas tanks, to avoid that the groundwater will be contaminated by the 
infiltration of digestion products and penetration of bio-slurry into the soil (large scale biogas 
plants on lagoon basis). 
 
158. Site safety. The contractor will be required to appoint a safety officer (a person 
responsible for safety issues), who will be involved in drafting the contractor’s Health and Safety 
Plan to include some or all of the following: 
 
159. Disposal of waste materials. The contractor’s disposal of materials within the site 
boundaries and at off-site locations will be monitored to ensure that appropriate consideration is 
given to proper disposal of all waste materials. The methods of, and sites for, the disposal of 
hazardous and environmentally damaging materials must be approved by the responsible 
national authority (e.g. VEPA) prior to any such disposal. The disposal of all other waste 
materials will take place only at officially designated sites. In the event that any spillage of, or 
accident with, any hazardous or environmentally damaging material has occurred, or is likely to 
occur, VEPA will be notified immediately.  
 
160. Approval of contractor’s workmanship. The adequacy of the contractor’s workmanship to 
the requirements of the environmental specifications of the contract documents will be verified. 
In particular, attention will be paid to the need to: 

1. Avoid excavating borrow pits and ditches on lands with insufficient runoff drainage, 
or located in the vicinity of populated areas. 

2. Avoid dumping construction material in water courses. 
3. Reduce damage to vegetation to the absolute minimum necessitated by sound 

construction practices. 
4. Refrain from undertaking earthworks during the peak of rainy seasons, and 

implement due diligence engineering practices to avoid possible erosion. 
5. Promote the re-use of removed materials where possible. 
6. Organize works and optimize transport of materials in order to minimize negative 

impacts on local communities. 
 
161. General effects. Method statements and environmental mitigation plans prepared by 
contractors shall be reviewed regarding the following main points amongst others: 

1. Sourcing and transportation of materials 
2. Storage of material at site 
3. Movement of vehicles to and from site, and during work at site 
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4. Construction practice affecting: 
- Erosion control 
- Noise and vibration 
- Waste management/minimization 
- Contaminated materials and wastes 
- Emergency response procedures 
- Air quality 
- Water quality 
- Litter 
- Storage of chemicals and fuels 
- Cleanliness of the roads from mud etc. from site traffic 
- Movement and generation of surface water. 

 
162. Recommendations will be made regarding any modifications that are necessary to 
achieve the desired level of environmental protection. Throughout the construction period, 
regular site inspections shall be made to monitor the effectiveness of environmental protection 
measures, as well as to check that no previously unforeseen impacts are occurring. In the event 
of the latter, recommendations will be made for additional environmental protection measures to 
be adopted without delay. The frequency of site inspections will vary depending on the nature of 
works being carried out at any one time. In general, attention will be concentrated on those 
operations and locations where the most potentially damaging impacts might be anticipated, 
with particular attention being paid to earthworks sites, riverbank sites, and all areas where 
possible wetland impacts could occur. 
 
163. The frequency of inspection will be highest at the initiation of works at each site, so that 
any problems can be recognized at an early stage, and remedial works or procedures can be 
implemented before irreparable damage has occurred.  
 
164. Pollution of watercourses. The contractor’s approved environmental management plan 
will be reviewed against site activities, to ensure that pollution of watercourses does not occur. 
Pollution of land, groundwater and surface water arising from sanitary and other wastes is a 
potential impact which must be covered in the contractor’s plans. This will make provision for 
the safe disposal of all wastes, as well as prevention of spillages, leakage of polluting materials 
etc. The contractor will be required to pay all costs associated with clearing up any pollution 
caused by his activities, and to pay full compensation to those affected. 

 
165. Erosion of earthworks. The contractor’s operations will be continuously reviewed to 
prevent erosion of earthworks leading to pollution of water bodies and deterioration of the 
earthworks themselves, the road shoulders and the pavement. The earthworks specifications 
and bills of quantities will include provision for protection of all earthworks slopes. Temporary 
works shall include suitable drainage measures and silt traps, so as to minimize the quantity of 
material eroded during construction which then enters water bodies. 

 
166. Works site restoration. On a continuous basis during the implementation of the works, 
the supervision team shall impose on the contractor the restoration of the project site 
immediately after utilization of the concerned areas: 

 cover borrow sites with top soil, 
 cleaning up of all construction sites and road camps after completion of works. 
 promote regeneration of native vegetation through restoration of ground cover, 

including use of degradable geo-textile when appropriate. 
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167. During Operation Phase of the biogas plant, the following tasks are part of the EMP: As 
can be seen from the paragraphs above, most of the environmental impacts are resulting in the 
project’s construction phase. However, it must be stated that these impacts are mainly of 
temporary nature and last for only a couple of weeks, but not longer than two to three months. 
The situation is different during the project’s operation phase. These negative impacts to the 
environment last for the entire operation of the biogas plants, and should therefore continuously 
be monitored. Some of the minor impacts on the environment are already presented in the 
chapters 3.2 and 4 of the present environmental assessment report. The two main impacts that 
result continuously during the biogas plant’s operation are highlighted here again. These two 
impacts need to be monitored repeatedly. The Environmental Monitoring Unit should set up a 
plan to monitor the impacts resulting from the plants’ operation. A proposal for this is presented 
here below. 
 
168. The main impacts that must continuously be monitored during the project’s operation 
phase are: 

 Check for gas tightness of the biogas plant itself and gas tightness of all appliances. 
 Check if release of unburned methane to the atmosphere occurs. 
 Check if contamination of groundwater and surface water occurs due to discharge of 

insufficiently treated bio-slurry. 
 

169. Gas tightness is directly related to the construction of the biogas plant, and not 
depending on the plant’s size. When construction is properly done, meaning the correct building 
materials are used and the bricks are well cemented and the gas dome is spread with gas tight 
polymer materials, then it is supposed that the biogas plant is gas tight. The EMU, for that 
reason, shall properly monitor the construction of the biogas plant itself as first monitoring 
priority. All biogas plants age, and in the course of aging rips, tears and cracks can occur. 
These result in the fact that older small and medium sized biogas plants on brick dome basis 
should be monitored more often for gas tightness than is necessary at the beginning of the 
lifetime of a biogas plant. It is recommended to increase the monitoring frequency of such 
biogas plants starting with year 5. However, small sized biogas plants also can become 
insufficiently gas tight over time. However, the volume of produced gas in these plants is 
significantly lower than the volume produced in medium and large scale biogas plants. 
Nevertheless, the constructed number of small scale biogas plants is the key question. The 
more small plants are constructed and in the course of time become deficient in gas tightness, 
the more biogas is released unburned into the atmosphere. This volume can – in the worst case 
– be higher than that which results from all medium and large scale biogas plants, as these are 
probably constructed in much lower numbers than the small biogas plants. 
 
170. Large scale lagoon biogas plants covered with HDPE normally have a lifetime of some 
10 to 12 years until fissures can occur. Normally, the HDPE seller guarantees gas tightness for 
at least 10 years. 
 
171. EMU and PPMUs shall monitor on an official basis at the following frequencies: The 
EMU shall monitor the gas tightness of small biogas plants (dome technology) at least once 
every two years. After 5 years of lifetime, small scale biogas plants shall be monitored for gas 
tightness at least once a year. It should be decided after on-site visits if a biogas plant needs 
rehabilitation or additional covering after a lifetime of more than 5 years. 
 
172. EMU and PPMUs shall monitor the gas tightness of medium and large scale biogas 
plants built with cement or bricks at least once every two years. After a lifetime of more than 5 
years it shall be decided if the plant must be rehabilitated or if additional covering is necessary. 
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In case none of these measures are applied, the biogas plant shall be monitored for gas 
tightness one time a year. 
 
173. EMU and PPMUs shall monitor the gas tightness of large scale biogas plants based on 
lagoons covered with HDPE at least once every 3 years. After a lifetime of more than 10 years it 
shall be decided if the plant must be rehabilitated or if new cover foil is necessary. In case none 
of these measures are applied, the biogas plant shall be monitored for gas tightness two times a 
year. 

 
174. EMU can delegate the monitoring to the provincial PPMUs. These institutions then must 
be equipped with gas sensors to detect methane (CH4) as well as hydrogen di-sulphite (H2S). 
The costs are between $500 and $1,500 depending on the equipment used (Dräger gas sensor 
X-AM 5600: around $1,500; Chinese gas sensors around $500). All the PPMUs in the 
participating provinces should then be equipped with gas sensors/detectors. To reduce the 
burden on EMU/provincial authorities arising from the monitoring of biogas plants’ gas tightness, 
the owners of large biogas plants should be obliged to buy gas sensors on their own, and to 
measure the gas tightness of their plants on a regular basis, including subsequent reporting of 
the results to the provincial authorities. 
  
175. In every case that comes to the attention of EMU/provincial authorities that a farmer or 
household releases biogas unburned to the atmosphere, it must be an obligation that this farmer 
or household will significantly be punished on the basis of national criminal proceedings. The 
release of unburned biogas to the atmosphere should be taken as a criminal offence as this 
contributes highly to GHS release and to climate change. 
 
176. The bio-slurry that results after bio-digestion is in many cases discharged to wastewater 
ponds. In many cases the volume of these ponds is much higher than the bio-slurry volumes 
discharged to the ponds. Thus, first a dilution will take place, and secondly the retention time of 
the bio-slurry in the pond is extensive before the pre-treated bio-slurry is discharged, usually via 
public ditches, to irrigation canals, brooks or rivers. In some cases, the receiving wastewater 
ponds do not correspond in volume to the daily discharged volume of bio-slurry. Hence, the 
retention time of slurry in the pond is short and dilution is reduced. Thus, the organic pollution 
charge is high at the outlets of the ponds, and environmental pollution therefore increased. The 
environmental team also visited farms on which the bio-slurry was not pre-treated in a 
wastewater pond but directly discharged to the environment. This then results in the highest 
conceivable environmental pollution. 
 
177. When taking into consideration the possible pollution caused by discharge of bio-slurry 
to the environment, in general two water bodies are directly concerned: 

 the groundwater and  
 the surface water to which the pre-treated slurry is discharged. 

 
178. In most cases, the groundwater at the farms is also used for drinking water purposes 
(humans and pigs).  
 
179. Two monitoring activities are therefore necessary: 

 Monitoring of the groundwater at the farm. 
 Monitoring of the water quality at the outlets of ponds or farm-owned ditches, canals 

etc. 
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180. The first monitoring should be an obligation of the farmer itself, as he, his family and the 
workers on the farm are directly affected in cases where the groundwater is also used for 
drinking water purposes. The farmers should therefore be obliged to monitor themselves the 
groundwater quality on regular basis. The frequency of this monitoring should be decided 
between the EMU/local authority and the farmer, and depends also on the pre-treatment 
facilities applied by the farm. A private “once-a-year” monitoring seems to be adequate.  
 
181. Depending on the expected pollution of the groundwater, EMU should also charge/ask 
the provincial authority to carry out a monitoring on groundwater pollution resulting from medium 
and large scale biogas plants, since the groundwater is or can also be used for drinking water 
purposes by neighbors of the farm, or by residents of villages close to the farm. In case the pre-
treatment of bio-slurry is deficient and the remaining pollution charge is high, the official 
monitoring shall be done twice a year. If the remaining pollution charge is small, a monitoring 
once a year, or once every two years can be sufficient to receive appropriate groundwater 
quality data. This data can be used to take the necessary decisions regarding additional 
treatment of bio-slurry discharged by a defined farm, in order to protect other users of the 
groundwater. 

 
182. In addition to the groundwater monitoring, also a water quality monitoring must be 
carried out by EMU at the outlets of the wastewater ponds, canals or ditches where the pre-
treated bio-slurry is discharged to the environment. As said here above, the frequency of the 
monitoring depends on the remaining pollution charge of the discharged water. If high, 
monitoring should be done twice a year, if low, one sample per year might be sufficient. To fulfill 
this task, EMU can hire an analytical laboratory which can be charged with the water quality 
analyses. In addition to the costs for the analyses, also the travel costs must be taken into 
consideration. These analyses should be carried out for medium and large scale biogas plants. 
It should be the decision of EMU in which cases to check water quality on small scale biogas 
plants. 

 
183. It is proposed to check at least for the following parameters, EMU can, of course, 
expand this list. 

 Ammonium (NH4) 
 Nitrate (NO3) 
 Nitrite (NO2) 
 o-phosphate (PO4) 
 COD 
 BOD5 
 Chloride 
 Electrical conductivity 
 pH-value 

 
184. A decision should be taken regarding analyses for pharmaceuticals and cytostatica in 
the water. In addition, the decision must be taken if biological parameters shall be monitored as 
well. Such are e.g.: E. coli, Enterococcus spp., Salmonella, Clostridium perfringens, helminth 
eggs etc. Concerning the pharmaceuticals, the farmer can be asked which ones he uses. 
Determination of biological parameters will definitely increase the analyses' costs. It must be 
decided on a case-by-case basis, if monitoring of such parameters is necessary or not. 
 
185. The responsibilities of relevant project agencies for EMP implementation is summarized 
in Table 6:  
186.  
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Table 6: Responsibilities for Environmenta Management Plan implementation 
Agency Responsibilities 

Executive Agency (EA)  Executing agency with overall responsibility for project 
implementation 

 Ensure that sufficient funds are available to properly implement the 
EMP 

 Ensure that the Project complies with the provisions of the EARF, 
this IEE and ADB Safeguard Policy Statement 2009 

 Ensure that the Project implementation complies with the 
Government environmental policy and regulations 

 Submit annual monitoring reports on EMP implementation to ADB 
 Ensure that environmental management of the Project carried out 

based on the agreed EARF prepare for the Project.  

CPMU  Ensure that EMP provisions are strictly implemented during project 
phases (pre-construction, construction, operation) to mitigate 
environmental impacts to acceptable levels 

 Undertake monitoring of the implementation of EMP at country 
level 

 Prepare annual environmental monitoring reports of the Project for 
submission to ADB 

 Ensure that the Project complies with the provisions of the EMP 
and ADB Safeguard Policy Statement 2009’s principles and 
requirements 

 For project duration, recruitment a qualified environmental 
consultant to oversee EMP implementation 

 Establish an environmental grievance redress mechanism, as 
described in the IEE, to receive and facilitate resolution of affected 
people’s concerns, complaints, and grievance about the project 
environmental issues 

PPMU  Ensure that EMP provisions are strictly implemented during project 
phases (pre-construction, construction, operation) to mitigate 
environmental impacts to acceptable levels 

 Undertake monitoring of the implementation of EMP at provincial 
level 

 Prepare annual environmental monitoring reports of the Project at 
provincial level for submission to CPMU 

 For project duration, recruitment a qualified environmental 
consultant to oversee EMP implementation at provincial level 

 Carry out the monitoring of ground water, soil and air pollution by 
analyzing samples periodically and by methane detectors 

Farms  Operate the biogas plants as per instructions of the project 
 Use up biogas or install an enclosed flare to burn surplus biogas 
 Use up bio-slurry for cultivation or apply secondary treatment for 

bio-slurry 
 Monitoring of the groundwater at the farm. 
 Monitoring of the air surrounding at the farm 

DONRE  Review and approve environmental assessment reports required 
by the Government 

 Second a staff as an environmental and safeguard officer to the 
PPMU to oversee EMP implementation in provinces where 
medium and large biogas plants are to be constructed 
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187. Estimated Cost for EMP Implementation is presented in table 7.  

Table 7: Estimated Cost for Environmental Management Plan Implementation 

Item Quantity 
Estimated Total cost  

($) 

Salary for CPMU and 
PPMU environment 
specialists 

Full time positions Counterpart funding  
(in-kind contribution) 

Travels for CPMU and 
PPMU environment 
specialists  

 

2 trips/week in 10 provinces over 7 
years ($30/trip). 

218,400

Gas detector 11 gas detectors for CPMU and 10 
PPMU (USD1,500/piece) 

16,500

Other Equipment 
(Software, Miscellaneous 
small equipment)  

$1,000/year for CPMU and for each 
PPMU for 7 years 

77,000

Laboratory analysis 

- MLBPs: 7 parameters per 
plants, twice in 6 years, 
USD15 per parameter 
analysis 

- SBPs: 5 parameters per 
plants for 100 SBPs for 6 
years, USD15 per 
parameter analysis 

 

560 analysis during 7 years for 40 
MLBPs 

 

 

500 analysis during 7 years 

8,400

7,500

Contingency (15%, 
approximately) 

 55,000

Total  382,800
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IX. CONCLUSIONS AND RECOMMENDATIONS 

 
A. Conclusions 

 
188. The Project will reduce air, water and soil pollution by supporting Climate Smart 
Agricultural Waste Management Practices (CSAWMP) for treating crop and livestock waste 
through the expanded use of biogas and bio-slurry processing technologies. The agricultural 
sector is a major contributor to Viet Nam’s economy20. However, it is also a major contributor to 
environmental degradation in two important ways. First, it is the largest contributor to national 
greenhouse gas (GHG) emissions21, especially methane generated from livestock waste22 and 
wet rice cultivation. Second, the uncontrolled discharge of untreated livestock waste is 
contaminating the environment with high levels of pathogens, endangering the health of people 
and animals. In addition, over 40% of arable land is now degraded because of the heavy use of 
inorganic fertilizers and other unsustainable agricultural practices. To meet the demand for safe 
food and a healthy environment it is necessary for Viet Nam to progressively adopt the use of 
Climate Smart Agriculture Practices (CSAP).23  
 
189. Properly constructed biogas plants have important benefits including (i) reduced human 
and livestock disease outbreaks; methane emissions; fire wood consumption; air (in and out 
door), water and soil pollutants; and (ii) increased savings in time and money; increased 
quantity and quality of organic fertilizers; and potential access to carbon credit schemes. In an 
ADB supported biogas plant development project, biogas plants had financial internal rates of 
return of 54% and economic rates of return of 55%. Household incomes were found to increase 
on average 86% due to reduced costs of energy and the increased use of organic fertilizers.24 
 
190. This IEE assessed the environmental impacts of the project. Overall the project is likely 
to have positive impacts on the environment by improving the livestock waste management 
practices. The application of biogas plants will improve the environment by reducing GHG 
emissions, and water and soil pollution. SBPs have been identified as having no or insignificant 
adverse impacts and therefore categorized as C. MBPs and LBPs are considered category B. 
Potential adverse environmental impacts for MBPs and LBPs have been identified and 
mitigation measures have been proposed. An Environmental Assessment and Review 
Framework (EARF) has also been established to guide the implementation of the project at all 
stages. 
 
 
 

                                                            
20  In Viet Nam agriculture's share is approximately 20% of the gross domestic product (GDP), and the sector 
 remains a key contributor to: exports (25%) and employment (70% of rural households) (International Fund for 
 Agricultural Development. 2008. Livestock and Climate Change. Rome). 
21 GHG arise from the following main sources: Agriculture (50%); Energy (25%); Forestry (19%); Industry (4%); 
 and Waste (2%). GHG from Agriculture: rice cultivation (45%); livestock (35%); agri-soil (11%); and, field  burning 
 (9%) (footnote 20).  
22  Methane is a potent GHG (21 times more than CO2), but compared to other hydrocarbon fuels, burning methane 
 produces less carbon dioxide for each unit of heat released. 
23  FAO 2009 defines CSAP as ‘agriculture that sustainably increases productivity, resilience, reduces or removes 
 GHGs emission and enhances achievement of national food security and development goals.” CSAWMP is a 
 component in the broader context of CSAP. 
24  ADB. 2010. Completion Report: Efficient Utilization of Agricultural Wastes Project in China. Manila. 
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B. Recommendations 

191. This IEE has assessed the potential environmental impacts of construction and 
operation of biogas plants and proposed mitigation measures. It is strongly recommended that 
investments in appliances and generators are made especially in MBPs and LBPs to make sure 
that the farmers are able to use the produced biogas. Also, investment should be made in the 
secondary treatment of the bio-slurry coming out of the digesters. 

 
192. One concern for farms in order to use the produced biogas is the necessary purchase of 
an expensive gas-generator to produce electricity for own use, or for feeding the public grid with 
surplus electricity. An additional problem is sometimes the purchase of biogas appliances such 
as heating or latching devices to utilize produced gas. To help the farmers to produce electricity, 
either an adapted “new generators’ generation” should be constructed which is cost-feasible for 
the farmers, or the Project should help the farmers to invest in existing, but more expensive gas-
generators. Incentives for farm owners to sell electricity to the national grid should be explored 
and developed. These generators could be sponsored or supported by the foreseen extension 
of the LCASP project, which would also open a new investment window. It must be taken into 
consideration that, in case low-cost electricity from the local provider inhibits an investment in a 
generator, the produced biogas is not used but burned or released un-burned to the 
atmosphere. In that case it makes only little sense to construct medium or large sized biogas 
plants on farms.  
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ANNEXES  
 
1. Annex 1: Rapid Environmental Assessment Checklist 
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3. Annex 3: Recommended Outline of Initial Environmental Examination 
4. Annex 4: Complaint Register and Complaint Form 
5. Annex 5: Treatment and Use of Bioslurry and Digestate  
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Annex 1: Rapid Environmental Assessment (REA) Checklist 
 
Instructions: 

(i)  The project team completes this checklist to support the environmental classification of a project. It 
is to be attached to the environmental categorization form and submitted to the Environment and 
Safeguards Division (RSES), for endorsement by Director, RSES and for approval by the Chief 
Compliance Officer. 

(ii) This checklist focuses on environmental issues and concerns. To ensure that social dimensions are 
adequately considered, refer also to ADB's (a) checklists on involuntary resettlement and Indigenous 
Peoples; (b) poverty reduction handbook; (c) staff guide to consultation and participation; and (d) 
gender checklists. 

(iii) Answer the questions assuming the “without mitigation” case. The purpose is to identify potential 
impacts. Use the “remarks” section to discuss any anticipated mitigation measures. 

 

 

 

Country/Project Title:   

 

Sector Division:     

 

Screening Questions Yes No Remarks 

A. PROJECT SITING 
IS THE PROJECT AREA ADJACENT TO OR WITHIN 
ANY OF THE FOLLOWING  
ENVIRONMENTALLY SENSITIVE AREAS? 

 

 

 

 

 

 CULTURAL HERITAGE SITE 
 

  

 LEGALLY PROTECTED AREA (CORE ZONE OR 
BUFFER ZONE)      

  

 

 WETLAND   

 MANGROVE    
 

  

 ESTUARINE 
 

  

 SPECIAL AREA FOR PROTECTING BIODIVERSITY 
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Screening Questions Yes No Remarks 

B.  POTENTIAL ENVIRONMENTAL IMPACTS
WILL THE PROJECT CAUSE… 
 
 impairment of historical/cultural areas; disfiguration of 
landscape or potential loss/damage to physical cultural 
resources? 
 

 disturbance to precious ecology (e.g. sensitive or 
protected areas)? 
 

 alteration of surface water hydrology of waterways 
resulting in increased sediment in streams affected by 
increased soil erosion at construction site? 
 

 deterioration of surface water quality due to silt runoff 
and sanitary wastes from worker-based camps and 
chemicals used in construction? 
 

 increased air pollution due to project construction and 
operation? 
 

 noise and vibration due to project construction or 
operation? 
 

 involuntary resettlement of people? (physical 
displacement and/or economic displacement) 
 

 disproportionate impacts on the poor, women and 
children, Indigenous Peoples or other vulnerable groups? 
 

 poor sanitation and solid waste disposal in construction 
camps and work sites, and possible transmission of 
communicable diseases (such as STI's and HIV/AIDS) 
from workers to local populations?  
 

 creation of temporary breeding habitats for diseases 
such as those transmitted by mosquitoes and rodents? 
 

 social conflicts if workers from other regions or 
countries are hired?  
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Screening Questions Yes No Remarks 

 large population influx during project construction and 
operation that causes increased burden on social 
infrastructure and services (such as water supply and 
sanitation systems)? 
 

 risks and vulnerabilities related to occupational health 
and safety due to physical, chemical, biological, and 
radiological hazards during project construction and 
operation? 
 

 risks to community health and safety due to the 
transport, storage, and use and/or disposal of materials 
such as explosives, fuel and other chemicals during 
construction and operation? 
 

 community safety risks due to both accidental and 
natural causes, especially where the structural elements 
or components of the project are accessible to members 
of the affected community or where their failure could 
result in injury to the community throughout project 
construction, operation and decommissioning? 
 

 generation of solid waste and/or hazardous waste? 
 

 use of chemicals? 

 generation of wastewater during construction or 
operation? 

 

 

Climate Change and Disaster Risk Questions
The following questions are not for environmental categorization. They are included in 
this checklist to help identify potential climate and disaster risks. 
 

Yes No Remarks

 Is the Project area subject to hazards such as earthquakes, floods, landslides, 
tropical cyclone winds, storm surges, tsunami or volcanic eruptions and climate 
changes (see Appendix I)? 
 

  

 Could changes in precipitation, temperature, salinity, or extreme events over the 
Project lifespan affect its sustainability or cost? 
 

  

 Are there any demographic or socio-economic aspects of the Project area that are 
already vulnerable (e.g. high incidence of marginalized populations, rural-urban 
migrants, illegal settlements, ethnic minorities, women or children)? 
 

  

 Could the Project potentially increase the climate or disaster vulnerability of the 
surrounding area (e.g., increasing traffic or housing in areas that will be more prone to 
flooding, by encouraging settlement in earthquake zones)? 
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Appendix I: Environments, Hazards and Climate Change 

Environment  Natural Hazards and Climate Change 
Arid/Semi-arid 
and desert 
environments  

Low erratic rainfall of up to 500 mm rainfall per annum with periodic droughts and high rainfall 
variability. Low vegetative cover. Resilient ecosystems & complex pastoral and systems, but 
medium certainty that 10–20% of drylands degraded; 10-30% projected decrease in water 
availability in next 40 years; projected increase in drought duration and severity under climate 
change. Increased mobilization of sand dunes and other soils as vegetation cover declines; likely 
overall decrease in agricultural productivity, with rain-fed agriculture yield reduced by 30% or 
more by 2020. Earthquakes and other geophysical hazards may also occur in these 
environments. 
 

Humid and sub-
humid plains, 
foothills and hill 
country 

More than 500 mm precipitation/yr. Resilient ecosystems & complex human pastoral and 
cropping systems.  10-30% projected decrease in water availability in next 40 years; projected 
increase in droughts, heatwaves and floods; increased erosion of loess-mantled landscapes by 
wind and water; increased gully erosion; landslides likely on steeper slopes. Likely overall 
decrease in agricultural productivity & compromised food production from variability, with rain-fed 
agriculture yield reduced by 30% or more by 2020. Increased incidence of forest and agriculture-
based insect infestations. Earthquakes and other geophysical hazards may also occur in these 
environments. 
 

River valleys/ 
deltas and 
estuaries and 
other low-lying 
coastal areas 
 

River basins, deltas and estuaries in low-lying areas are vulnerable to riverine floods, storm 
surges associated with tropical cyclones/typhoons and sea level rise; natural (and human-
induced) subsidence resulting from sediment compaction and ground water extraction; 
liquefaction of soft sediments as result of earthquake ground shaking. Tsunami possible/likely on 
some coasts. Lowland agri-business and subsistence farming in these regions at significant risk. 
 

Small islands  
 

Small islands generally have land areas of less than 10,000km2 in area, though Papua New 
Guinea and Timor with much larger land areas are commonly included in lists of small island 
developing states. Low-lying islands are especially vulnerable to storm surge, tsunami and sea-
level rise and, frequently, coastal erosion, with coral reefs threatened by ocean warming in some 
areas. Sea level rise is likely to threaten the limited ground water resources. High islands often 
experience high rainfall intensities, frequent landslides and tectonic environments in which 
landslides and earthquakes are not uncommon with (occasional) volcanic eruptions. Small 
islands may have low adaptive capacity and high adaptation costs relative to GDP.   
 

Mountain 
ecosystems 

Accelerated glacial melting, rockfalls/landslides and glacial lake outburst floods, leading to 
increased debris flows, river bank erosion and floods and more extensive outwash plains and, 
possibly, more frequent wind erosion in intermontane valleys. Enhanced snow melt and 
fluctuating stream flows may produce seasonal floods and droughts. Melting of permafrost in 
some environments.  Faunal and floral species migration. Earthquakes, landslides and other 
geophysical hazards may also occur in these environments. 
 

Volcanic 
environments 

Recently active volcanoes (erupted in last 10,000 years – see www.volcano.si.edu). Often fertile 
soils with intensive agriculture and landslides on steep slopes. Subject to earthquakes and 
volcanic eruptions including pyroclastic flows and mudflows/lahars and/or gas emissions and 
occasionally widespread ashfall.  
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Annex 2: Environment Categorization Form 
 

       Date: _________________ 

A.  Instructions  

(i) The project team completes and submits the form to the Environment and Safeguards Division (RSES) for endorsement by RSES 
Director, and for approval by the Chief Compliance Officer (CCO). OM F1/OP on Safeguard Review Procedures (paras. 4-7) provides the 
requirements on environment categorization. 
(ii) The classification of a project is a continuing process. If there is a change in the project components or/and site that may result in 
category change, the Sector Division submits a new form and requests for recategorization, and endorsement by RSES Director and by the 
CCO. The old form is attached for reference.  
(iii) In addition, the project team may propose in the comments section that the project is highly complex and sensitive (HCS), for approval by 
the CCO. HCS projects are a subset of category A projects that ADB deems to be highly risky or contentious or involve serious and 
multidimensional and generally interrelated potential social and/or environmental impacts.  
 

B. Project Data  
 
Country/Project No./Project Title :  
   
Department/ Division :  
Processing Stage :  
Modality :  

[   ] Project Loan         [   ] Program Loan  [   ] Financial Intermediary       [   ] General Corporate 
Finance 
[   ] Sector Loan          [   ] MFF               [   ] Emergency Assistance [   ] Grant 
[   ] Other financing modalities:                
            

C. Environment Category (please tick one category based on the set of criteria in OMF1 (paras. 6-7)) 

 
                                    [      ] New      [      ] Recategorization ― Previous Category [      ] 
 

 

Category A 

 

Category B 

 

  Category C 

 

Category FI 

D. Basis for Categorization/ Recategorization (please. attach supporting documents):   

 
 [    ] REA Checklist 

     [    ] Project and/or Site Description 

[    ]       Other: __________________________ 

 
E. Comments  

Project Team Comments 

 

 

RSES Comments 
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F. Approval 

Proposed by: 

 

 Endorsed by: 

 

Project Team Leader, {Department/Division} Director, RSES 

Date:  Date:  

    

 Approved by:  

Endorsed by: 

 

    Highly Complex 

  and Sensitive  

  Project Director, {Division} Chief Compliance Officer  

Date:  Date:   
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Annex 3: Recommended Outline of Initial Environmental Examination 
 

This outline is part of the Safeguard Requirements 1 of ADB's SPS 2009. An environmental 
assessment report is required for all environment category “A” and “B” projects. Its level of detail 
and comprehensiveness is commensurate with the significance of potential environmental 
impacts and risks. A typical EIA report contains the following major elements, and an IEE may 
have a narrower scope depending on the nature of the project. The substantive aspects of this 
outline will guide the preparation of environmental impact assessment reports, although not 
necessarily in the order shown. 
 
A. Executive Summary 
 
This section describes concisely the critical facts, significant findings, and recommended 
actions. 
 
B. Policy, Legal, and Administrative Framework 
 
This section discusses the national and local legal and institutional framework within which the 
environmental assessment is carried out. It also identifies project relevant international 
environmental agreements to which the country is a party. 
 
C. Description of the Project 
 
This section describes the proposed project; its major components; and its geographic, 
ecological, social, and temporal context, including any associated facility required by and for the 
project (for example, access roads, power plants, water supply, quarries and borrow pits, and 
spoil disposal). It normally includes drawings and maps showing the project’s layout and 
components, the project site, and the project's area of influence. 
 
D. Description of the Environment (Baseline Data) 
 
This section describes relevant physical, biological, and socioeconomic conditions within the 
study area. It also looks at current and proposed development activities within the project's area 
of influence, including those not directly connected to the project. It indicates the accuracy, 
reliability, and sources of the data. 
 
E. Anticipated Environmental Impacts and Mitigation Measures 

This section predicts and assesses the project's likely positive and negative direct and indirect 
impacts to physical, biological, socioeconomic (including occupational) health and safety, 
community health and safety, vulnerable groups and gender issues, and impacts on livelihoods 
through environmental media [Annex 2, para. 6]), and physical cultural resources in the project's 
area of influence, in quantitative terms to the extent possible; identifies mitigation measures and 
any residual negative impacts that cannot be mitigated; explores opportunities for enhancement; 
identifies and estimates the extent and quality of available data, key data gaps, and 
uncertainties associated with predictions and specifies topics that do not require further 
attention; and examines global, transboundary, and cumulative impacts as appropriate. 
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F. Analysis of Alternatives (to be included for category “A” projects only) 
 
This section examines alternatives to the proposed project site, technology, design, and 
operation — including the no project alternative — in terms of their potential environmental 
impacts; the feasibility of mitigating these impacts; their capital and recurrent costs; their 
suitability under local conditions; and their institutional, training, and monitoring requirements. It 
also states the basis for selecting the particular project design proposed and, justifies 
recommended emission levels and approaches to pollution prevention and abatement. 
 
G. Information Disclosure, Consultation, and Participation 
 
This section: 
 

(i) describes the process undertaken during project design and preparation for 
engaging  stakeholders, including information disclosure and consultation with 
affected people  and other stakeholders; 
(ii) summarizes comments and concerns received from affected people and other 
 stakeholders and how these comments have been addressed in project design 
and  mitigation measures, with special attention paid to the needs and concerns of 
 vulnerable groups, including women, the poor, and Indigenous Peoples; and 
(iii) describes the planned information disclosure measures (including the 
 type of information to be disseminated and the method of dissemination) and the 
 process for carrying out consultation with affected people and facilitating their 
 participation during project implementation. 

 
H. Grievance Redress Mechanism 
 
This section describes the grievance redress framework (both informal and formal channels), 
setting out the time frame and mechanisms for resolving complaints about environmental 
performance. 
 
I. Environmental Management Plan 
 
This section deals with the set of mitigation and management measures to be taken during 
project implementation to avoid, reduce, mitigate, or compensate for adverse environmental 
impacts (in that order of priority). It may include multiple management plans and actions. It 
includes the following key components (with the level of detail commensurate with the project’s 
impacts and risks): 
 
 (i) Mitigation: 
 

(a) identifies and summarizes anticipated significant adverse environmental 
impacts and risks; 

(b) describes each mitigation measure with technical details, including the 
type of impact to which it relates and the conditions under which it is 
required (for instance, continuously or in the event of contingencies), 
together with designs, equipment descriptions, and operating procedures, 
as appropriate; and 

(c) provides links to any other mitigation plans (for example, for involuntary 
resettlement, Indigenous Peoples, or emergency response) required for 
the project. 
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(ii) Monitoring: 
 

(a) describes monitoring measures with technical details, including 
parameters to be measured, methods to be used, sampling  locations, 
frequency of measurements, detection limits and definition of thresholds 
that will signal the need for corrective actions; and 

(b) describes monitoring and reporting procedures to ensure early detection 
of conditions that necessitate particular mitigation measures and 
document the progress and results of mitigation. 

 
 (iii) Implementation arrangements: 
 

(a) specifies the implementation schedule showing phasing and coordination 
with overall project implementation; 

(b) describes institutional or organizational arrangements,namely, who is 
responsible for carrying out the mitigation and  monitoring measures, 
which may include one or more of the following additional topics to 
strengthen environmental management capability: technical assistance 
programs, training programs, procurement of equipment and supplies 
related to environmental management and monitoring, and organizational 
changes; and 

(c) estimates capital and recurrent costs and describes sources of funds for 
implementing the environmental management plan. 

 
(iv) Performance indicators: describes the desired outcomes as measurable events 

to the  extent possible, such as performance indicators, targets, or acceptance 
criteria that can be tracked over defined time periods. 

 
J. Conclusion and Recommendation 
 
This section provides the conclusions drawn from the assessment and provides 
recommendations. 
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Annex 4: Complaint Register and Complaint Form 
 
The LCASP Project welcomes complaints, suggestions, queries and comments regarding 
project implementation. We encourage persons with grievance to provide their name and 
contact information to enable us to get in touch with you for clarification and feedback.  
Should you choose to include your personal details but want that information to remain 
confidential, please inform us by writing/typing “CONFIDENTIAL” above your name. Thank you.  
 
Date Place of registration 
Contact information/personal details  
Name:  Gender: Male         Female       Age:  
Home address:   
Village/town:   
District:   
Province  
Phone number:   
Email:   
Complaint/suggestion/query/comment/question 
(please provide in details (who, what, where and how) of your grievance below:  
If included attachment/note/letter, please stick here 
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Annex 5: Treatment and use of Bioslurry and Digestate  
 
1.  Introduction 
 
The government, through MARD, is implementing a policy of supporting medium and large 
scale farms to increase livestock production. This inevitably leads to increases in dung and 
urine from livestock which risks increasing the already unacceptable level of environmental 
pollution from livestock waste products. It is important for livestock farmers to be aware of 
methods of using and treating bio-slurry and digestate to prevent environmental pollution. 
 
 1.1  Anaerobic Digestion (AD) 
 
In  AD, naturally occurring micro-organisms can be used to convert livestock waste (dung, urine, 
slurry etc) into useful products. This is in contrast to compost which requires aerobic digestion. 
Anaerobic digestion is carried out without the presence of air by sealing the biomass in an 
airtight container. The digestion by micro-organisms releases methane which is useable as a 
clean form of renewable energy. The process also has the advantage that the biomass 
remaining after digestion has useful nutrients which can be used as fertiliser. The methane can 
be used, for example for cooking, to provide heat, to power generators, and to be injected into 
the main electricity or gas grid system. While many kinds of biomass can be used in digesters, it 
is the digestion of livestock manure and slurry which is of greatest importance for the livestock 
sector in Viet Nam. 
 

Table 1: Results of Analysis of Slurry at Entry and Exit of Biogas Plants (SNV data) 
Biogas plant 
number 

Sample COD BOD 
SS 
(mg/l) 

TS 
(mg/l) 

1 
Inlet 1.280 793 33.412 35.932 
Outlet 280 103 1.120 2.192 

2 
Inlet 2.060 1.357 3.872 4.972 
Outlet 1.200 378 5.596 7.176 

3 
Inlet 3.300 1.780 5.216 6.472 
Outlet 400 174 2.256 3.404 

4 
Inlet 6.350 3.960 29.208 31.728 
Outlet 1.120 379 43.968 44.992 

 
 1.2  Digestate 
 
Digestate i.e. the material that remains after anaerobic digestion, has many advantages. It 
contains nutrients required for plant growth such as nitrogen and potassium and is therefore a 
useful fertiliser. This helps to reduce the use of synthetic fertilisers and consumption of fossil 
fuels. Digestate used as a source of plant nutrients is more easily taken up by plants than 
undigested slurry. Another advantage is reduction of greenhouse gases through correct 
production and use of digestate. 
 
 1.3  Bio-slurry and Digestate in Centralized Livestock Zones (CLZ) 
 
MARD is promoting the establishment of CLZs as self-contained livestock production areas 
isolated from surrounding livestock producers. Field visits have indicated that some provinces 
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are considering transporting slurry to a central location in CLZs where slurry can be digested 
and the resulting digestate and methane used on a larger scale.  
 
1.4  Pilot Farms 
 
The livestock detailed sector assessment proposes support for establishment of pilot farms to 
demonstrate treatment of manure, slurry and digestate from animal to final product use. Such 
demonstration farms, based on existing farms, are required to assess the applicability and 
general management of livestock waste materials. 
 
2.  Use of Bio-slurry and Digestate  
 
 2.1  Nutrient content of bio-slurry 
 
Research results in Vietnam have shown bio-slurry contains rich nutrients. From 1988 to 1990 
research carried out by the Institute of Energy showed that: 1 cubic meter of bio-slurry contains 
0.8 cubic meter of liquid slurry and 0.2 cubic meter of solid slurry. 
 
The content of N, P, K differs according to feeding materials. On average, one cubic meter of 
bio-slurry contain 0.16 – 2.4 kg Nitrogen, equivalent to 0.34 – 5.2 kg of urea (46% N); 0.5 
– 2.7 kg P2O5, equivalent to 2.5 – 13.5 kg phosphate (20%P2O5); 0.9 – 4.0 kg K2O, equivalent 
to 1.8 – 8.0 kg potassium fertilizer (50% K20). 
 

Table 2: N, P, K Concentration in Bio-slurry 
Indicator N total NH4+ P2O5 total K2O total pH 
Liquid slurry  (mg/l) 170-2240 130-930 56-320 100-434 1.7-8.5 
(%) 0.017-0.22 0.013- 

0 093

0.0056- 

0 032

0.01-0.043  

Solid slurry (m/l) 140-3800 30.8-261,7 246-620 434-3100 7.0-8.6 
(%) 0.07-1,9 0.015-0.13 0.123-0.31 0.217-1.55  

 
Table 3: Macro Nutrient and Micro Nutrient Availability in Bio-slurry 

Bio-slurry of 

different feeding 
materials 

Nutrient concentration 
 

N (g/l) 

P2O5 

(g/l) 

K2O (g/l) Ca 

(ppm) 

Mg 

(ppm) 

Zn 

(ppm) 

Mn 

(ppm) 

 
Research carried out by National Institute for Soils and Fertiliser in 2005 

Pig liquid slurry 0.47 0.18 0.32 109.7 91.8 5.3 1.1 
Cattle liquid slurry 0.80 0.31 0.56 239.6 125.6 3.3 5.7 
Pig-cattle liquid 

l

0.37 0.17 0.32 71.2 81.3 1.4 0.6 

 
Research carried out by National Institute of Animal Husbandry in 2004 

Pig liquid slurry 0.79   77.5 51.7 0.74 0.25 
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Research carried out by Hanoi Agricultural University in 2004 and 2005 
Pig liquid slurry 0.38 0.99 0.51 92 60.8 1.2  
Pig solid slurry 0.56 0.38 0.96 66 22.8 0.46  

 
The table shows that nutrient content in bio-slurry depends a lot on feeding materials. In Viet 
Nam, pig dung and cattle dung are most common. It also shows that, due to different conditions, 
the chemical composition of bio-slurry between the researches is not constant, making general 
conclusions on bio-slurry content difficult to make. 
 
 2.2 Use by Households  
 
Currently about 50% of households use slurry and digestate in various ways. This includes use 
as fertiliser or compost for crops, feeding to pigs (as drink or mixed with food), feeding to fish, 
and raising worms and mushrooms. Only about 10% of households treat slurry/digestate before 
using it. Most households are mixed farms with both livestock and crops. Figure 1 shows the 
layout of a simple biogas unit. After it has been through the compensation tank and slurry tank, 
bio-slurry can effectively be used as fertiliser for crops or for feeding to fish. Bio-slurry is a useful 
fertiliser for crops. For example when used on tea plantations it improves the quality of the tea 
leaves. 
 

Entry/mixing tank 

    Biogas collection pipe 

 

 

Fig 1: Lay out of a biogas unit 

When feeding to pigs the material should leave the digester, enter the compensation tank, then 
the slurry pit, then into a further tank to increase retention time of substrate. Research has 
shown that feeding the material to pigs has no deleterious effect on meat quality. Use of bio-
slurry requires adequate labour availability. 

 

 

 

Fermentation 

tank 

Compensation tank 

Slurry tank/pit 
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 2.3  Use by Medium and Large Scale Farms (MLSFs) 

Field trips have indicated that not much bio-slurry is used on MLSFs except for watering trees 
and similar small tasks. Often bio-slurry is put into ponds (sometimes several ponds).  At the 
pond stage there are several outcomes: 

 It may stay in the pond and evaporate or sink into the pond base if not concreted 
 It may be used for crops such as paddy rice. This use has declined as over-fertilising 

killed paddy rice in some provinces 
 It may be channelled into a ditch and be discharged into rivers or other low-lying areas 

 
 
3.  Benefits of Using Bio-slurry 
 
 3.1  For Crops 
 
Benefits of using bio-slurry as crop fertilizer have been proved by a number of researches in 
Vietnam. The table below is a summary of experiments of bio-slurry application on different 
crops. The most positive effect is increased crop yield and reduced use of chemical fertilizers. 
Research by Institute of Energy in 1990 on application of solid bio-slurry for potatoes showed 
that the yield increased 64.2% compared to that of non-applied bio-slurry. Research carried out 
by Can Tho university on using bio-slurry for soybeans shows that the application helps 
increase yield 22%. When applied to fish-ponds bio-slurry helps increase fish yields up to 
10.6%. 
 

Table 4: Using bio-slurry results in increasing yield of crops and reducing chemical 
fertilizer consumption 

Crops Increased 

i ld (%)

Artificial fertilizers saved 

Maize 25.8  
Kohlrabi 13.7  
Cabbage 24.0 4.6kg urea, 3.6kg phosphate and 3.6kg potassium per sao (360m2) 
Buck wheat 8.2  
Peanut 8.5 21.7-43.4 kg urea; 3.8–7.6 kg phosphate and 5.6-11.2 kg 

t i h tPaddy rice  32.6-130.4 kg urea,  59.4-238.2 kg phosphate and  3.2-12.7 kg 

t i h t 

In 2004, National Institute for Soils and Fertiliser carried out research on applying liquid bio-
slurry on cabbages with a ratio of slurry to water of 1/1 and 1/2. The results showed that use of 
60 cubic meter of liquid bio- slurry for cabbage as additional fertilizer helps increase yield of 
cabbage by 24%. In addition, the amounts of chemical fertilizers saved per hectare are 28 kg 
urea, 10.8 kg phosphate fertilizer and 27 kg potassium fertilizers. Moreover, the pesticide 
amount needed for control of leaf-damaging insects was reduced by 50%. 
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 3.2   For Pigs 

In 2004 a research on effects of different levels of liquid bio-digester effluent in diets on the 
growing rate, feed efficiency, meat quality and economic efficiency of F1 crossbred fattening 
pigs was conducted by National Institute of Animal Husbandry. 
 
A total of 36 F2 crossbred fattening pigs (Mong Cai local sow x Yorkshire boar) of 21 kg 
average initial weight were allocated in a household using a biogas system. The pigs were 
divided into 12 pens (2 males and 1 female in each pen) consisting of 4 treatments with 3 
replications following a completely randomized design. There was no significant difference of 
breeds, age, sex and other conditions of the pigs in all pens. 
 
Pigs in 4 treatments were fed with 4 different diets. Pigs in treatment 1 were fed a basal diet 
consisting of maize meal, rice bran, soybean meal, cassava meal and fish meal which was 
formulated to meet requirements according to the recommendations of NIAH (2001) for 
crossbred fattening pigs from 15-50 kg of weight and 50 kg-slaughter. The samples of the 
feedstuff were taken for analysis for nutritive values (dry matter, crude protein, ash, fibre, NDF, 
calcium, phosphorus) before formulating the balanced diets. Pigs in treatment 2, 3 and 4 were 
fed the basal diet mixed with liquid bio-slurry at 3 different levels as 1, 2, 3 litres/kg of feed, 
respectively. The bio-slurry was taken out from a 10m3 biogas container after 2 months of 
fermentation, which was recharged with pig manure. The samples of bio-slurry were taken every 
month for analysis for nutritive values, and some heavy elements. 
 
During the experimental period the pigs were fed semi ad-libitum twice per day, at 8.00h and 
16.00h, which is the normal practice of the farmers in the village. The semi ad-libitum system 
was as follows: the amount of feed remaining about 4 hours after every feeding  were recorded, 
then in the next meal, the amount of feed offered were adjusted by this amount, so that the feed 
refused after around 4 hours was consumed before the next feeding. Feed offered was weighed 
and recorded daily for calculation of feed intake. The pigs were weighed in the morning before 
feeding at the beginning and at the end of each period (50 kg of weight and before slaughtering) 
to determine live weight gain and feed conversion ratio. At the end of the experimental period, 
the samples of liver, kidney, heart, lung and intestine of 3 pigs which were taken randomly from 
each treatment to be examined for parasites and disease symptoms. Samples of meat from 
these pigs were also taken to analyse their quality as smell, taste, dry matter and heavy 
elements. 
 
In the first period (20-50 kg), daily feed intake and nutrient intakes in the diets mixed with the 
effluent were significantly higher than the basal diet (P<0.05), especially in treat 2 and 
3, in which they were lower in treat 4 compared to treat 2 and 3 (P<0.05) while there was no 
difference between treatments 1 and 2 (P>0.05) (1.49, 1.61, 1.62 and 1.58 kg of feed intake/day 
of treatments 1, 2, 3 and 4, respectively). However, in the second period (50 kg - slaughter), the  
feed  and  nutrients  intake  were  not  improved  in  treatment  4  compared  to  the  basal  diet 
(P>0.05), while treatments 2 and 3 had significantly higher feed and nutrient intakes compared 
to treatments 1 and 4 (P<0.05) (3.14 and 3.21 kg of feed intake/day of treatments 2 and 3 
compared to 2.91 and 2.98 kg feed intake/day of treatments 1 and 4). Overall the feed and 
nutrient intake had the same tendency with period 1 (2.61, 2.33, 2.37 and 2.24 kg of feed 
intake/day overall of treatments 1, 2, 3 and 4, respectively). 
 
All the pigs were healthy during the experimental period and the pigs between treatments did 
not have any differences. Before the slaughter, the samples of liver, kidney, heart, lung and 
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intestine from 9 pigs of 4 treatments did not show any symptoms of respiratory or digestive 
problems. 
 
Samples of lean meat from hams were taken to evaluate colour, smell and taste on a three- 
point scale.  All  the  samples  of  uncooked  meat  had  a  pink  colour  and  there  were  no 
differences  found  between  treatments.   
 
4.  Treatment of Bio-slurry/Digestate When Not Used on Farm 
 
When bio-slurry/digestate cannot be used on farm, it needs to be treated further to avoid 
environmental pollution before being discharged to natural water bodies such as rivers and 
lakes. These treatments will enhance the quality of the effluents. 
 
 4.1 Irrigated fields 
 
The principle of irrigated fields is to use microorganisms in the soil, in water and on some plants 
for biological degradation of organic compounds. These include papyrus, cotton plant, water 
hyacinth, pistia, duckweed and maize.  
Based on the watering system, these irrigated fields can be distinguished as yearly or seasonal 
irrigated fields. In addition, the filter field must meet certain criteria; thus the design of irrigated 
fields should take into consideration the following requirements: 
 
- Volume of sewage to be treated/hectare: irrigation water demand of each type of plant per 
season or standardized one-time irrigation. 
- Filtering capacity is determined in accordance with the following formula: 
 

    

 

Where:  q0: irrigation norm (m3/ha and day) 

T: time between irrigation periods (h)  

 : Water loss ratio due to being wetted or by evaporation ( = 0.3  0.5). 

 t: Drainage duration (h) (t = 0.4  0.5). 

In the operation process of the irrigated field, environmental sanitation is an important factor that 
should be closely monitored. It is necessary to design a pond with 20% to 25% area of the 
irrigated field. In harvest, seedling or in rain season, wastewater shall be reserved in regulation 
ponds which are used for aquaculture production.  

In case of domestic wastewater or industrial wastewater with a high rate of suspended solids 
concentration is used for irrigation, preliminary treatment is necessary using rash-tracks and a 
regulation cum preliminary accumulation pond. After treatment, the concentration of BOD can 
be reduced to a concentration of lower than 15 mg/l. 

 

 x q0 x T 

    t
Q = 
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 4.2 Aerated lagoons/ponds 

Aerated lagoons/ponds also serve to treat wastewater using biological degradation. In principal, 
the wastewater treatment process in aerated lagoons is to make use of regional natural 
microorganisms (bacteria, algae etc.) available in the water and capable of cleaning 
wastewater. Compared with the other biological wastewater treatments under natural 
conditions, the aerated lagoons are applied more frequently because - beside the wastewater 
treatment objective - they also have additional benefits. Aerated lagoons make possible the 
raising of aquatic animal products, they serve as water reservoirs for irrigation and draining crop 
fields and for regulating the regional sub-zone climate. Treating wastewater using aerated 
lagoons does not require much investment funds because the maintenance and the operation 
are simple. Based on the pond’s operation principles, this treatment method can be classified 
into three types: Aerobic, anaerobic, and facultative ponds. 

Aerobic ponds 
 

Aerobic ponds are ponds in which the pollutants are transformed during the aerobic oxidization 
process into degradation products by the activities of aerobic microorganisms. Depending on 
the oxygen or air supply method, aerobic ponds are classified into two types: 

- Natural airy surfaced ponds: Oxygen input for the oxidization is mainly supplied by air diffusion 
through the water surface and through the photosynthetic process of aquatic flora such as 
weeds and algae. In order to facilitate the oxidization process, the depth of the ponds ranges 
from 0.6 to 1m. The BOD load ranges from 250 to 300 kg/ha/day. The retention time of the 
water in the ponds is about 3 to 12 days. These ponds are only appropriate when the 
wastewater treatment is combined with aquaculture activities.  

- Artificial airy anaerobic ponds: The oxygen source for the bio-chemical process is mainly 
supplied by air/oxygen pumping equipment or mechanically mixed. Because of artificial gas 
supply, the depth of the ponds can vary from 2 to 2.5m. The BOD load is estimated to be 400 kg 
per ha per day. The retention time for the water in the ponds is 1 to 3 days. 

The necessary area (F) of the ponds for an effective oxidization time and efficiency is calculated 
using the following formula: 

 

 

 

Where:  Q: Discharge of wastewater to be treated (m3/day) 

                  t: Time of water retention (days) 

                  H: Depth of the pond (m) 

H

tQ
F


 , (m2)
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The retention time depends on the BOD inflow and the oxidization capacity of the pond. The 
retention time of the wastewater varies from 3 to 12 days. 

Facultative ponds 

Facultative ponds are also referred to as aerobic – anaerobic ponds (figure 1). Most of the 
ponds and lakes in Vietnam are aerobic – anaerobic. Facultative ponds average between 1.5 to 
2 m in depth, and they are affected by many diversified biological zones in the pond (e. 
fastidious, aerobic, bacteria, algae and protozoa). In these ponds, the following four processes 
usually happen:  

An anaerobic dissolvent process happens in the deep water layer and the bottom slurry. 
Sediment and organic substances that decompose slowly or only with difficulty under anaerobic 
conditions generate mediate products (alcohol, acidity, CO2, H2S etc.) In the anaerobic area, 
the de-nitrification process also takes place through the activity of some specific bacteria.  

The aerobic oxidization process happens in the surface water layer. As affected by aerobic and 
facultative bacteria, products such as organic substances, alcohols, etc. will be fully deoxidized.  

 

 

 

 

 

 

 

 

           

 

 

Figure 1: Diagram on transformation in facultative pond 

 

- Photosynthetic processes happen on the surface of the water by the activities of algae and 
plants of low order: Carbon dioxide (CO2) is generated by a process of anaerobic dissolution 
and aerobic oxidization and is carried out by algae and plants of low order through their process 
of photo-energy nutrition. This process generates a significant amount of oxygen (O2) in the 
water, supplying the aerobic oxidization in the surface water layer, particularly in water layers 
that receive high radiation. However, in order to ensure the balance of the bio-system in the 
facultative ponds, the concentration of algae should not exceed 100 mg/l. 
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- Biomass consumption process: When the content of N and P in the wastewater to be treated is 
high, the growth of algae is very fast, and explosive growth-rates of algae can be the result. If 
not being consumed by other creatures, increasing algae biomass can create a secondary 
pollution. It is very difficult to re-balance the ecosystems in ponds where algae over-growth has 
happened. 

Some requirements for facultative ponds are selected: the ratio between the length and the 
width of the pond is usually applied at 1:1 or 2:1. In regions where wind is calm, the ponds 
should be made in several smaller basins. In regions where it is windy, the ponds should be 
larger. The treatment efficiency and the duration of water retention in each pond are determined 
by the following formula: 

 

tkS

S
E

ta

t

.1

1




 

 

Where:  E: Efficiency of treatment (%) 

   Sa: BOD5 of influent (mg/l) 

St: BOD5 of effluent (mg/l)  

t: Retention of the water in the pond (days), 

tt

ta

Sk

SS
t

.




 

kt: Coefficient of the type of ponds, temperature and properties of  
wastewater.  

)20(
20

0

.  T
t Ckk  

        For domestic sewage 0,5 < K20  < 1 

        For industrial sewage 0,3 < K20 < 2,5  

 

                          C : constant temperature 

        Natural pond: C = 1,035 – 1,074 

         Artificial pond: C = 1,045  

          T0: Temperature of pond water (°C) 
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 4.3  Constructed wetlands 
 
Constructed wetlands cover a relatively large surface area which is divided into many 
compartments suitable for treating wastewater with low concentrations of pollutants (BOD5  
< 300 mg/l), while the concentration of suspended solids can be high. Wastewater from settling 
tanks runs into those compartments. It is adsorbed through the soil surface by e.g. mechanical 
filtering processes and the residues/pollutants will be retained. 
 
Biological treatment vectors in the surface of the soil are mainly aerobic and facultative 
respiratory bacteria. These bacteria will be in charge of decomposing pollutants by using 
oxygen in capillary bores of the soil. With increase of the soil’s depth, the amount of oxygen 
decreases and at certain a depth, the anaerobic process will be dominant and nitrogen 
compounds will be removed. 
 
On the surface of wetlands, some species of trees can be grown to adsorb pollutants from 
wastewater to enhance the efficiency of the treatment. This also serves as a landscaping 
measure to enhance the beauty of the area (figure 2). 
 
Depending on the nature of the soil, the treatment process of wastewater in the soil can take 
place in the depth between 0.3 to 1.5m. 
 
When designing constructed wetlands, it is recommended to use extensive areas of sand or 
sandy soil, with low efficiency for agricultural purposes. Suitable materials can be used for 
improved filtration processes such as black coal slag. Constructed wetlands should be placed in 
a natural slope about 0.02°, far from residential areas and downwind of these taking into 
account the dominant wind direction. The safety distance to human habitations should range 
from 200 to 1000m. 
 
Constructed wetlands also should be placed in areas with deep groundwater tables in order to 
avoid contamination of the groundwater sources. 
The efficiency/useful area of constructed wetlands can be calculated as follows: 

                                                   
)(,

0

ha
q

Q
Fhd 

 

Where:  Fhd: Useful area 

Q: Average of wastewater flow (m3/day). 

  q0: Filtration capacity (m3/ha/day).  

 

The filtration capacity of the soil depends on the characteristics of the soil and the 
precipitation/rain fall. 
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Figure 2: Constructed wetland 

 

With an average precipitation of 300 to 500 mm/day, the filtration capacity of some kinds of soils 
is: 

+ Sand: 45 to 90 m3/ha/day. 

+ Sandy soil: 40 to 80 m3/ha/day. 

+ Clay soil: 35 to 70 m3/ha/day.  

5 to 10 % of the total area of the constructed wetland should be available for the irrigation 
ditches necessary between compartments. 

Total Square of constructed wetland can be calculated as per in the following formula:  

 

F  =  Fhd  + k    Fhd   

   k: Square Coefficiency (k = 0,15  0.25 ).  

In which:  

F: Area of constructed wetland 

Fhd: Useful area of constructed wetland 
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5.0 Recommendations 

Unless more appropriate forms of livestock management are introduced nation-wide, the use, 
treatment and disposal of livestock waste products under intensive livestock production will 
continue to be a challenge to environmental safety.  

It is recommended that provinces should prevent inappropriate livestock production especially 
on medium and large scale farms. Particular attention should be paid to: 

 Prevention of overcrowding of livestock in buildings to moderate the quantity of dung and 
urine produced per m2 of housing.  

 Ensuring that sufficient land is available for disposal of livestock waste products. It is 
recommended that not more than 30-40% of land on medium and large scale farms 
should be used for livestock production and the remaining 60-70% be available for crop 
production and/or treatment and disposal of livestock waste products. This ratio enables 
livestock waste products to be used or disposed of effectively. Some provinces have 
already adopted these measures. 

 

 




