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ABBREVIATION

	ADB
	:
	Asian Development Bank

	CPMU
	:
	Centre Project Management Unit

	GHG
	:
	Green house gas

	IPCC
	:
	Intergovernmental Panel on Climate Change

	LCASP
	:
	Low carbon agriculture support project

	MARD
	:
	Ministry of Agriculture and Rural Development

	MONRE
	:
	Ministry of Natural resource and Environment

	NDC
	:
	National Determined Contribution

	PDD
	:
	Project document design

	SMPFVN
	:
	San Miguel Pure Foods Viet Nam Co., Ltd

	SURE
	:
	Solutions Using Renewable Energy


I. GENERAL INTRODUCTION
Domestic biogas installations – potentially - reduce greenhouse gas emissions in three ways: by changing the manure management modality; by substituting fossil fuels and non-renewable biomass for cooking (and to a smaller extent for lighting) with biogas, and; by substituting chemical fertilizer with bio-slurry. 

I.1
Changing manure management modalities

The traditional manure management modality may include storage or discharge of animal dung under (semi) anaerobic conditions, e.g. by deep pit storage or discharge of raw manure in sewage channels or lagoons. The anaerobic condition will cause the manure to (partly) ferment, in which case methane (CH4), a potent greenhouse gas, is emitted in the environment. 

In a domestic biogas installation, the manure is immediately discharged in the digestion. In the plant the fermentation of the manure takes place under controlled conditions, whereby the generated methane gas is captured and used for cooking. Technically, this process is referred to as “methane capture and destruction”, whereby the potent CH4 is converted in carbon-dioxide (CO2) and water. Although CO2 is a GHG, it is far less potent than CH4 and, more importantly, can be considered “renewable” as the CO2 is absorbed by the very growth of vegetation from which it originates.

I.2 Substitution of fossil fuel and non-renewable biomass

The domestic fuel mix of rural households in developing countries typically includes significant amounts of fossil fuel (kerosene, coal, LPG) and biomass (fuelwood, charcoal, dung cakes). The combustion of these traditional energy sources create carbon-dioxide emissions (and to a lesser extent CH4 and nitrous-oxide (N2O), emissions). 

Fossil fuels, by definition, are non-renewable sources of energy. Hence, the full amount of greenhouse gas emission (GHG) resulting from combustion of these energy sources results in a net increase of GHG emissions in the atmosphere. For biomass, however, the situation is less straight-forward. When the burned biomass is obtained from renewable sources (agricultural waste, dung-cakes) the produced carbon-dioxide is assumed to be absorbed by the vegetation from which they originate. Therefore, carbon-dioxide emissions from renewable biomass do not contribute to the net GHG concentration in the atmosphere. Biomass obtained from non-renewable sources (referred to as “Non Renewable Biomass, NRB), however, do contribute to global warming. NRB includes e.g. fuelwood and charcoal.

To the extent that biogas replaces fossil fuels or non-renewable biomass, this substitution then results in a reduction of GHG emissions.

I.3
Substitution of chemical fertilizer

Many developing countries face a net outflow of soil nutrients and farmers apply chemical fertilizer to maintain the fertility of their soil. Although chemical fertilizer use in developing countries often is erratic and scattered, typically fair amounts of chemical fertilizer is applied. Production as well as application of chemical fertilizer has a GHG aspect, mainly as a result of the high energy requirement (often sourced from fossil fuels) for chemical fertilizer production and the Nitrous oxide (N2O) emissions.  

 The “by-product” of a biogas installation is “bio-slurry”. Bio-slurry is the digested dung that is discharged from the installation after the fermentation process. The fermentation process does not reduce the nutrient value (NPK-value) of the feeding material. In fact, when applied correctly, the fertilizing value of bio-slurry even surpasses that of raw manure. Therefore, bio-slurry is a good organic fertilizer that can replace or reduce the application of chemical fertilizer. To the extent to which bio-slurry is actually replacing chemical fertilizer, GHG emissions are reduced. 

II. CDM/VGS BIOGAS PROJECT IN VIETNAM FOR TREATMENT LIVESTOCK WASTE

II.1 Solutions Using Renewable Energy Vietnam Joint Stock Company 

The Waste to Energy Project of Solutions Using Renewable Energy (SURE) Vietnam Joint Stock Company in Binh Duong Province
, Viet Nam (hereafter referred to as “the project”) is developed by Solutions Using Renewable Energy (SURE) Vietnam Joint Stock Company under a Build-Operate-Transfer (BOT) scheme at the swine farm of San Miguel Pure Foods Viet Nam Co., Ltd. (hereafter referred to as “SMPFVN”) located in Cau Sat hamlet, Lai Hung village, Ben Cat district, Binh Duong province, Viet Nam. The swine farm of SMPFVN houses approximately 112,717 Market Swine and 14,053 Breeding Swine
. Based on the conditions defined in the BOT-contract, the project activity is operated by SURE for the duration of 10 years. After this period, ownership of the entire facility will be transferred to SMFVN, at no cost.

According to project document design (PDD), the purpose of the project is the construction of anaerobic digesters with biogas capture to treat the manure and wastewater. The biogas production is estimated to be 12,000 m3 per day while the methane concentration is about 60%. The biogas will be used for electricity generation using four 500 kW biogas generators. With a total installed capacity of 02 MW, the project activity is estimated to generate 13,140 MWh of electricity per year, of which 10,512 MWh will be supplied to SMPFVN to meet its electricity demand. The sludge from the digesters will be converted into organic fertilizer. Any excess biogas will be burned. 

Currently, manure and wastewater of SMPFVN is treated in an open lagoon system, this open lagoon system consists of 32 lagoons (including equalization lagoons) followed by two large clarifier lagoons which work anaerobically. Due to the anaerobic conditions large amounts of methane gas are released into the atmosphere. SMPFVN purchases all of its electricity from the Vietnamese national grid where a majority of the electricity is generated in power plants that utilize fossil fuels. The baseline scenario is the same as the scenario existing prior to the implementation of the proposed project activity.

The project activity can contribute to local sustainable development in the following aspects:

· Capture of methane will significantly reduce the odor nuisance in the vicinity of the facility. 

· The project activity creates more than 153 job opportunities for local residents. 

· The displacement of electricity from the national grid will ease power shortages that Vietnam is currently facing, especially in the peak hours, when demand outstrips supply. 

· Increased confidence in the innovative technology used in the project activity may encourage development of similar project activities in the area throughout Vietnam, thereby improving local economic and social conditions. 

The approved baseline and monitoring methodology ACM0010: Consolidated methodology for GHG emission reductions from manure management systems - Version 5.

The proposed project boundary considers the GHG emissions that come from animal waste management system (AWMS), including the GHG emissions resulting from un-combusted methane, physical leakage of methane and emission from electricity usage from the grid (if any). The emission reductions from power generation are also considered. The current situation is as described in Figure 1. 

[image: image2.emf]
Figure 1. Baseline scenario

The project boundary does not consider the effects of enteric emissions, nor does it include barn-related emissions, whether directly or indirectly associated with the animals, as these emissions are not affected by the proposed practice changes according to ACM0010. The project activity boundary is defined in figure 2.
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Figure 2. CDM scenario
The GHG calculation is attached in appendix 1.


II.2 Biogas Program for the Animal Husbandry Sector in Vietnam
Project “Biogas Program for the Animal Husbandry Sector in Vietnam” (BP) is implemented by Livestock Production Department, Ministry of Agriculture and Rural Development (MARD) in partnership with Netherlands Development Organization (SNV). Overall objectives of project are (i) effectively exploiting biogas technology and developing a commercial viable biogas sector in Vietnam; and (ii) contributing to rural development and environmental protection via provision of clean and affordable energy to rural households, improvement of community’s sanitation and rural people’s health, creation of jobs for rural labour and reduction of GHG.

BP is supporting the livestock household to install biogas units of volumes between 4 to 50 m3 for livestock waste treatment. The smallest digester has a minimum feedstock requirement of around 20 kg/day, roughly equivalent to 2 bovines or 6 pigs, the largest digester can treat around 300 kilo of manure per day. In this way the manure management type is improved leading to less GHG emissions and improved hygienic and environmental living conditions. The installed biogas units are of fixed dome type, KT1 and KT 2 type. Each installation will be installed according to the MARD national standard, and the expected lifetime is in the order of 25 years. At the moment of writing around 79% of the digesters installed are of KT.1 type and 21% of KT.2 type. Biogas plants will be installed in the range of 4 m3 to 50 m3 with a current average size of 8m3 to 15m3 (11.35 m3 on average of units built between 1-1-2007 and 31-08-2011). Both designs need a fair amount of construction skills, it leads to virtually maintenance-free. With feeding of on-farm produced manure of pigs, cattle or buffalo to the digester, biogas will be produced to meet the energy demand of the household. The residue of the digestion process can be used as organic fertilizer.

The produced biogas is used to replace conventional fuels like firewood, coal, LPG, kerosene and agricultural residues for cooking. Apart from cooking, biogas lamps are installed that can replace conventional light bulbs or are used when power cuts occur. Apart from biogas, the slurry produced from the digestion process can replace fertilizers.

According to PDD, the GHG calculation of installed biogas units contribute to the reduction of GHG emission in 3 ways:

· Avoidance of methane emissions from the baseline manure management system by capturing and destroying methane for energy services;

· Fuel switch from non-sustainable energy sources for cooking and lighting to biogas;

· Using bio-slurry for replacing chemical fertilizers.

However, due to the lack of data, the emission reductions for the fertilizer substitution will not be accounted for. In addition, some household will use biogas for heating and electricity generation, the emission reductions from the displacement of grid electricity by these activities will not be accounted for.

[image: image4.emf]
Figure 3. Biogas digestion model

The IPCC tier 1 approach is adopted for the assessment of the baseline emissions from the animal waste management systems (AWMS). This approach is followed because local data required for an estimation of the methane emission factor per category of livestock is not available. The applied methodology allows for a baseline emission estimate using the IPCC Tier 1 approach. This approach is applicable to programs or activities introducing technologies and/or practices that reduce or displace GHG emissions from the thermal energy consumption of households. This technology includes the introduction of improved biomass or fossil fuel cook stoves, ovens, dryers and water heaters (solar and otherwise), heat retention cookers, solar cookers, bio-digesters.

The GHG methodology is presented in Annex 2.

III. BIOGAS DIGESTION FOR LIVESTOCK WASTE TREATMENT PROJECTS INCLUDED IN NATIONAL DETERMINED CONTRIBUTION OF VIETNAM FOR IMPLEMENTATION OF THE MITIGATION TARGETS 
Viet Nam is one of the first countries to ratify the UNFCCC and the Kyoto Protocol and has actively been researching and implementing GHG mitigation measures. In addition, in order to contribute positively to achieving the goal of keeping the global average temperature from rising above 2°C by the end of this century, Viet Nam is developing and preparing for the implementation of Nationally Appropriate Mitigation Actions (NAMAs). Under the UNEP – UDP Partnership program and Ministry of of Natural Resources and Environment (MONRE), Climate change department has completed the study (i) NAMA proposal biogas for onsite power generation for medium/large pig farms and (ii) analysis of biogas development in some northern mountainous provinces to serve the implementation of the mitigation targets in the NDC of Viet Nam. Both of these studies focused on the GHG emission reduction potential for biogas digestion for livestock waste treatment.

III.1 NAMA on Biogas for onsite power generation for Medium/Large pig Farms

Report by MARD
 showed that there is 5,293 pig farm in 2014, of which 1,200 farm is large and medium scale with 3000-5000 pig head per farm. These farm distributed in three regions: Red River in the North, South East in the South and Central Coast in the Central of Vietnam. At those pig farms, the amount of waste needing treatment is quite huge. With an average size of 3,000 pigs per farm, the waste is estimated to average 3-4 tons/day
. Currently the manure and wastewater from each pig farm are treated in a lagoon under anaerobic conditions with covering by High Density Poly-Ethylene (HDPE). After the lagoon 20-30 days the wastewater is directly discharged to a nearby water stream, sludge removed from lagoon is applied to a nearby field under aerobic conditions. According to calculations of Biogas Research Institute of Sichuan, China, the average farm sized per 3000 pigs, biogas could potentially produce 2,000 m3 biogas daily
. In this NAMA the captured biogas from pig farm flows continuously to the on-site power generation system, they are used by burning the gas for power generation. This can contributes to promotion of sustainable use of resources.

NAMA activities of this program will only be implemented at medium and large farm. Therefore, baseline is developed for pig farm with assumption that each farm will have 3000 pigs. As a matter of fact, pig farms have already installed digesters which collecting manure and waste. Methane which is generated by anaerobic process is discharge freely into atmosphere. 

At pig farms, it sets up a methane capturing system which produces biogas during anaerobic waste storage for use as fuel to run the generator at the farm. Fuel (methane) which is used for generator will replace traditional fuel (coal, gas, oil, LPG, etc). Moreover, incentive policy will encourage the farm in generating power (using methane) to connect to national grid or distribution station at rural area for increasing power demand along with reducing GHG emission reduction of electricity generation. On the other hand, waste water and sludge of biogas fermenters utilized as fish feed, soil improvement fertilizer, has increased the fertility of the soil to reduce the risk of environmental pollution of nearby farms.

GHG emission from leakage of methane during manure collection is also taken into account in NAMA implementation (UNFCCC guideline - AMS-III.D version 16). Methane leakage occurs in manure collection procedure and in process of transferring biogas to generator. 

The recent studies of national experts in Livestock
 suggested that: pig manure daily average 0.47kg - 1.62kg, rounded 1kg/day, the 3,000 pigs produced 3,000 kg which used as compost fertilizer per day The report also mentioned that every 1000 kg of manure were incubated in the tunnel can produce 561m3 of biogas, so the daily amount of biogas can be produced by feeding 3,000 pigs on the farm is 1,683 m3/day (3 x 561= 1683m3).

According to Vu Dinh Ton et al. (2008) to generate 1 kWh, it took 0.92 m3 of biogas electricity needs. Thus the amount of biogas produced daily 3,000 pig farm is 1,683 m3, it is capable enough methane to run 1 generator to provide power output is 1,800 kWh/ day. According to estimation, a 3,000 pig farm will produce enough methane for operation of 100kW electricity generator in 14hr/day. Produced electricity in estimation is about 1,440 kWh/day, 526 MWh/year. 


Estimation of GHG emission reductions resulting from implementation of NAMA measures, including description of methodology to estimate GHG emissions impact is described in appendix 2.
III.2 Study and analysis of biogas development in some northern mountainous provinces to serve the implementation of the mitigation targets in the NDC of Viet Nam

Under the analysis of biogas development in some northern mountainous provinces to serve the implementation of the mitigation targets in the NDC of Viet Nam, Department Climate Change, Ministry of Natural Resources and Environment had focused on studying GHG emission reduction at 4 northern mountainous provinces that are: Bac Giang, Phu Tho, Vinh Phuc and Thai Nguyen province.

Constructed biogas plants at 4 northern mountainous provinces are almost fixed dome biogas digestion with the range of 4 m3 to 50 m3 so the method of calculating GHG emissions for biogas plants was developed as same as GHG emission calculation method for biogas plants under Project "Biogas Program for Animal Husbandry in Vietnam".

To calculate GHG emission of the baseline scenario from the animal waste management system, the Tier 1 IPCC approach was adopted. The IPCC list of each default region of methane emissions from AWMS at different temperatures is recorded in Chapter 10, Part 4 of the IPCC 2006.

The total average baseline emissions per household are calculated as the sum of the total CO2 emission of the pre-project, the baseline emission from the animal waste handling. The formula for calculating this parameters are presented in annex 2. 


To contribute to the reduction of greenhouse gas emissions identified in the NDC, four mountainous Northern provinces had constructed 43,397 biogas plants during 2008-2015, expected construction 53,649 digestions up to 2020.

Table 1. Constructed and expected biogas digestion in four mountain Northern provinces

Unit: biogas digestion

	No
	Province
	Constructed biogas digestion from 2008-2015
	Expected biogas construction in 2020
	Total

	1
	Thai Nguyen
	8,186
	12,433
	20,619

	2
	Vinh Phuc
	12,170
	13,255
	25,425

	3
	Phu Tho
	9,704
	14,641
	24,345

	4
	Bac Giang
	13,337
	13,320
	26,657

	5
	Total
	43,397
	53,649
	97,046


*Data collected from Provincial Department of Rural and Development and report “Renewable Energy Development master plan for the Red River Delta and the Northern to 2020 with a vision to 2030”

The total emission reduction from 2008 to 2020 of four northern mountainous provinces is calculated as below table

Table 2. Greenhouse gas emission reduction of 4 northern mountainous provinces

Unit: 103 tons CO2eq
	Province
	2008-2015
	2020
	Total

	Thai Nguyen
	38.43
	58.36
	96.79

	Vinh Phuc
	57.13
	62.22
	119.35

	Phu Tho
	45.55
	68.72
	114.27

	Bac Giang
	62.60
	62.52
	125.12

	Total
	203.71
	251.83
	455.54


Estimated GHG emission reduction of for mountain Northern provinces is 251.83 thousand tons CO2e. The total GHG emission of four mountain Northern provinces from 2008 to 2020 is 455.54 thousand tons CO2e. It will help Viet Nam agriculture reduction 1.82% comparison with the target raised on Vietnam’s NDC.

IV. CONSLUSION AND RECOMMENDATION
IV.1 Conclusion
Treatment of livestock waste by installing biogas digester is considered to be a useful solution to reduce methane emissions and to produce clean energy. Use of biogas has been contributing for mitigating climate change by reducing greenhouse gases emission and sequestrating carbon in the form of conserving natural forest. GHG emission reduction of each livestock farm or households is vary and depending on the purpose of project.  According to SURE calculations, the GHG emission of livestock farms is 91,224 tCO2eq/ year. Also calculate the GHG emissions reduction, NAMA Biogas calculated the reduction of GHG emissions when using biogas generators to generate electricity to replace traditional energy, GHG emission reduction is 294.5 tCO2eq/year. GHG emission of household biogas digester is from 4.62-4.69 tCO2eq /year/digestion.

In a few years, the market potential for domestic biogas in Viet Nam is large. Vietnam's livestock sector is transforming farm-to-farm-scale farming practices, to engage livestock farmers construct biogas is essential. To encourage the people to construct biogas digestion for livestock waste treatment, the Government should develop policies and incentive mechanism to support livestock farm as well as to support research centre to study biogas modern technologies in accordance with Viet Nam condition.

IV.2 Recommendation
Based on the above results, the GHG emission reduction depends very much on the size of the biogas digester. The calculation of GHG emissions from large scale biogas plants based on collected data of whole farms and small scale biogas digester is calculated based on the average size of biogas digester.

At that time, low carbon agriculture support project (LCASP) have been installing 44,191 biogas digestion, mostly is household biogas plant (account for 99,98%) as constructed biogas in BP and NDC report on GHG emission reduction of biogas digestions of four mountainous provinces in Vietnam so the GHG emission reduction should be used the calculated data in the research on “Study and analysis of biogas development in some northern mountainous provinces to serve the implementation of the mitigation targets in the NDC of Viet Nam”. That mean, the GHG emission reduction is around from 4,62 to 4,694 tCO​2e/year/plant, best value is 4,62 tons CO2eq per year. Total GHG emission of biogas plants under the LCASP project by the end of June 2017 was 204,162.42 tons CO2eq.

Annex 1. GHG CALCULATION FOR SURE PROJECT
As above explanations, the baseline scenario of the proposed project is the continuation of current situation i.e. swine waste is treated by uncovered anaerobic lagoon system without methane capture. 

1. Baseline emissions 

Baseline emissions are:

[image: image5.emf]
Where

BEy

: Baseline emission in year y, in tCO2e/yr

BECH4,y

:  Baseline methane emission in year y, in tCO2e/yr

BEN2O

: Baseline N2O emission in year y, in tCO2e/yr

BEelec/heat,y
: Baseline CO2 emission from electricity and/or heat used in the baseline, tCO2e/yr

1.1  Methane emissions

Manure management system in the baseline could be based on different treatment systems and on one or more stages. Therefore:

[image: image6.emf]
Where:

	BECH4,y
	:
	The annual baseline methane emission in year y, in tCO2e/yr

	GWPCH4
	:
	Global warming potential (GWP) of CH​4

	DCH
	:
	CH4 density (0.67 kg/m3 at room temperature (20ºC) and 1atm pressure)

	MCFj
	:
	Annual methane conversion factor (MCF) for the baseline AWMSj from IPCC 2006 table 10.17, chapter 10, volume 4. MCF depend on method for waste treatment and the climate.

	B0, LT
	:
	Maximum methane producing potential of the volatile solid generated, in m3CH4/kg-dm, by animal type LT

	NLT
	:
	Annual Average number of animals of type LT for the year y, expressed in numbers

	VSLT, y
	:
	Annual volatile solid for livestock LT entering all AWMS [on a dry matter weight basis (kg-dm/animal/year), as estimated below

	MS%BL,j
	:
	Fraction of manure handled in system j

	LT
	:
	All types of livestock




1.1.1 Determination of volatile solids (VSLT, y )
ACM0010 Version 5 provides four options for the determination of volatile solids (VS) excretion rate: (1) Using published country specific data; (2) Estimation of VS based on dietary intake of livestock; (3) Scaling default IPCC values to adjust for a site-specific average animal weight; (4) Utilizing published IPCC defaults.

There is no published country specific data available, thus method 1 cannot be applied. The energy intake of the swine is not available, thus method 2 cannot be applied. Method 3 utilizes the average weight of the defined population. This data is available and therefore method 3 is adopted to calculate VSLT,y.

Method 3 is calculated as defined in the methodology:

[image: image7.emf]
Where:

	VSLT,y
	:
	Adjusted volatile solid excretion per year on a dry-matter basis for a defined livestock population at the project site in kg-dm/animal/yr

	Wsite
	:
	Average animal weight of a defined population at the project site in kg 

	Wdefault
	:
	Default value (IPCC 2006 or US-EPA, which ever is lower) for the volatile solid excretion per day on a dry-matter basis for a defined livestock population in kg-dm/animal/day 

	ndy
	:
	Number of days in year y where the treatment plant was operational 



	
	
	


1.1.2 Maximum Methane Production Potential (BO,LT ): 

According to the methodology ACM0010 version 5, this value varies by species and diet. Where default values are used, they should be taken from tables 10A-4 through 10A-9 (IPCC 2006 Guidelines for National Greenhouse Gas Inventories volume 4, chapter 10) specific to the country where the project is implemented. 

There are no published country specific data on B0,LT in Viet Nam which is a developing country, so BO,LT default values will be used Sourced from 2006 IPCC default values, volume 4, chapter 10, table 10A-7 (Swine characteristics).

1.1.3 Methane conversion factor (MCF j ): 

IPCC 2006 Guidelines MCF values given in table 10.17, chapter 10, volume 4 will be used. MCF values depend on the annual average temperature where the anaerobic manure treatment facility in the baseline existed. For this project, the annual average temperature is 26.50C. A conservative factor should be applied by multiplying MCF values with a value of 0.94, to account for the 20% uncertainty in the MCF values as recommended by methodology.

1.1.4 Annual Average number of animals (NLT):

The population of animals on the farm will be determined based on the number of animals on the animals produced per year as defined in the following method:

[image: image8.emf]
	LT 
	:
	Annual average number of animals of type LT for the year y, expressed in numbers 

	nda 
	:
	Number of days animal is alive in the farm in the year y, expressed in numbers 

	Np 
	:
	Number of animals produced annually of type LT for the year y, expressed in numbers 


1.2  N2O emission from manure management 

[image: image9.emf]
Where

	BEN2O,y 
	:
	Annual baseline N2O emissions in t CO2e/yr 

	GWPN2O 
	:
	Global Warming Potential (GWP) for N2O 

	CFN2O-N,N 
	:
	Conversion factor N2O-N to N2O (44/28) 

	EN2O,D,y
	:
	Direct N2O emission in kg N2O-N/year

	EN2O,ID,y 
	:
	Indirect N2O emission in kg N2O-N/year


1.2.1 Direct N2O emission
[image: image10.emf]
Where

	EN2O,D,y 
	:
	Are the direct nitrous oxide emissions in kg of N2O per year 

	EFN2O,D,j 
	:
	Is the direct N2O emission factor for the treatment system j of the manure management system in kg N2O-N/kg N (estimated with site-specific, regional or national data if such data is available, otherwise use default EF3 from table 10.21, chapter 10, volume 4, in the IPCC 2006 Guidelines for National Greenhouse Gas Inventories) 

	NEXLT,y 
	:
	Is the annual average nitrogen excretion per head of a defined livestock population in kg N/animal/year estimated as described in Annex 2 

	MS%Bl, j 
	:
	Fraction of manure handled in system j, in % 

	NLT 
	:
	Annual Average number of animals of type LT for the year y 


1.2.2 Indirect N2O emission

[image: image11.emf]
Where:

	EN2O,D,y 
	:
	Are the indirect nitrous oxide emissions in kg of N2O per year 

	EFN2O,D,j 
	:
	Is the indirect N2O emission factor for the treatment system j of the manure management system in kg N2O-N/kg N (estimated with site-specific, regional or national data if such data is available, Otherwise, default values for EF4 from table 11.3, chapter 11, volume 4 of IPCC 2006 Guidelines for National Greenhouse Gas Inventories can be used 

	NEXLT,y 
	:
	Is the annual average nitrogen excretion per head of a defined livestock population in kg N/animal/year estimated.  

	MS%Bl, j 
	:
	Fraction of manure handled in system j, in % 

	NLT 
	:
	Annual Average number of animals of type LT for the year y 


1.3  Animal weight at the project site

Default values from table 10.19 of the IPCC 2006 Guidelines, volume 4, chapter 10 may be used and should be corrected for the animal weight at the project site in the following way:

[image: image12.emf]
Where

	NEXsite
	:
	Adjusted annual average nitrogen excretion per head of a defined livestock population in kg N/animal/year

	Wsite
	:
	Average animal weight of a defined population at the project site in kg 

	Wdefault
	:
	Default value (IPCC 2006 or US-EPA, which ever is lower) for the volatile solid excretion per day on a dry-matter basis for a defined livestock population in kg-dm/animal/day 

	NEXipcc, default
	:
	Default value (IPCC 2006) for the nitrogen excretion per head of a defined livestock population in kg N/animal/year.


The default value of the nitrogen excretion in IPCC 2006 is given in per kg animal mass per day rather than in per animal per year, so the above equation is expressed as following:

[image: image13.emf]
	NEXipcc, default
	:
	Default value (IPCC 2006) for the nitrogen excretion per head of a defined livestock population in kg N/animal/year.

	Nrate, LT
	:
	Default nitrogen excretion rate in kg N/1000 kg animal mass/day (from table 10.19 of the IPCC 2006 Guidelines, volume 4, chapter 10)

	TAM
	:
	Typical animal mass for livestock category LT in kg

	MS%Bl, j 
	:
	Fraction of manure handled in system j, in % 

	NLT
	:
	Annual Average number of animals of type LT for the year y 


1.4  CO2 emission from electricity and/or heat 

[image: image14.emf]
Where:

	EGBL,y 
	:
	Is the amount of electricity in the year y that would be consumed at the project site in the absence of the project activity (MWh) for operating AWMS 

	CEFBL, elec,y 
	:
	Is the carbon emissions factor for electricity consumed at the project site in the absence of the project activity (tCO2/MWh) 

	EGd,y 
	:
	Is the amount of electricity generated utilizing the biogas collected during project activity and exported to the grid during the year y (MWh) 

	CEFgrid 
	:
	Is the carbon emissions factor for the grid in the project scenario (tCO2/MWh) 

	HGBL,y 
	:
	Is the quantity of thermal energy that would be consumed in year y at the project site in the absence of the project activity (MJ) using fossil fuel for operating AWMS 

	CEFBL, therm,y 
	:
	Is the CO2 emissions intensity for thermal energy generation (tCO2 e/MJ) 


Determination of CEFBL,elec and EGBL,y: As a conservative approach, the electricity consumption from the baseline anaerobic open lagoon wastewater treatment has not been considered. 

Determination of CEFBL,therm and HGBL,y: No thermal energy generation takes place in the baseline scenario. 

Determination of EGd,y: and CEFgrid: The project generates electricity and displaces electricity from the grid. However, since the electricity is not exported to the grid, as is the requirement from the methodology, the emission reduction related to the displacement of grid electricity cannot be claimed.

2. Project emission

Project emissions are estimated as follows:

[image: image15.emf]
Where:

	PEAD, y 
	:
	Leakage from AWMS systems that capture’s methane in t CO2e/yr 

	PEAer, y 
	:
	Methane emissions from AWMS that aerobically treats the manure in t CO2e/yr 

	PEN2O,y 
	:
	Nitrous oxide emission from project manure waste management system in t CO2e/yr 

	PEPL,y 
	:
	Physical leakage of emissions from biogas network to flare the captured methane or supply to the facility where it is used for heat and/or electricity generation in t CO2e/yr 

	PEflare,y 
	:
	Project emissions from flaring of the residual gas stream in t CO2e/yr 

	PEelec/heat 
	:
	Project emissions from use of heat and/or electricity in the project case in t CO2e/yr 


1.5 Methane emissions from AWMS where gas is captured (PEAD, y):

If project case AWMS is anaerobic digester only, then use equation as below:
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Where:

	DCH4 
	:
	CH4 density (0.00067 t/m3 at room temperature (20 ºC) and 1 atm pressure) 

	LFAD 
	:
	Methane leakage from Anaerobic digesters, default of 0.15 

	FAD 
	:
	Fraction of volatile solid directed to anaerobic digester 

	RVS,n 
	:
	Fraction of volatile solid treated in AWMS stage n. The project proponents shall provide the values based on proven test results. In absence of such values the conservative value of volatile solids treated in Annex 1 shall be used 

	LT 
	:
	Index for livestock type 

	B0,LT 
	:
	CH4 production capacity from manure for livestock type LT, in m3 CH4/kg-VS, to be chosen based on procedure provided for in the baseline methodology section 

	NLT 
	:
	Annual average number of animals of type LT for the year y estimated as per equation 1, expressed in numbers 

	VSLT,y 
	:
	Annual volatile solid excretion of livestock type LT on a dry-matter basis in kg/animal/year 

	MS%j 
	:
	Fraction of manure handled in system j 


1.6 Methane emissions from aerobic AWMS treatment (PEAer,y)

Not applicable in project case

1.7 N2O emissions from manure management
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Where:

	GWPN2O 
	:
	Global Warming Potential (GWP) for N2O 

	CFN2O-N,N 
	:
	Conversion factor N2O-N to N2O (44/28) 

	EN2O,D,y 
	:
	Direct N2O emission in kg N2O-N/year 

	EN2O,ID,y 
	:
	Indirect N2O emission in kg N2O-N/year 
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Where:

	EN2O,D,y 
	:
	Are the direct nitrous oxide emissions in kg of N2O per year 

	EFN2O,D,j 
	:
	Is the direct N2O emission factor for the treatment system j of the manure management system in kg N2O-N/kg N (estimated with site-specific, regional or national data if such data is available, otherwise use default EF3 in volume 4, chapter 10, table 10.21 in IPCC 2006 Guidelines) 

	NEXLT,y 
	:
	Is the annual average nitrogen excretion per head of a defined livestock population in kg N/animal/year estimated as described in Annex 2 

	MSj 
	:
	Fraction of manure handled in system j, in % 

	NLT 
	:
	Annual average number of animals of type LT for the year y estimated as per equation 1, expressed in numbers 
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	EN2O,y 
	:
	Are the indirect nitrous oxide emissions in kg of N2O per year 

	EFN2O,ID,j 
	:
	Is the indirect N2O emission factor for N2O emissions from atmospheric deposition of nitrogen on soils and water surfaces, kg N2O-N/kg NH3-N and NOx-N emitted estimated with site-specific, regional or national data if such data is available Otherwise, default values for EF4 from table 11.3, chapter 11, volume 4 of IPCC 2006 guidelines can be used 

	NEXLT,y 
	:
	Is the annual average nitrogen excretion per head of a defined livestock population in kg N/animal/year estimated as described in Annex 2 

	MS%j 
	:
	Fraction of manure handled in system j 

	Fgasm 
	:
	Percent of managed manure nitrogen for livestock category that volatilises as NH3 and NOx in the manure management system 

	NLT 
	:
	Annual average number of animals of type LT for the year y estimated as per equation 1, expressed in numbers 


1.8 Physical leakage from distribution network of the captured methane in (PEPL,y) 

This refers to leaks in the biogas system from the biogas pipeline delivery system. The sum of the quantities of captured methane fed to the flare, to the power plant and to the boiler (measured as per the monitoring plan) must be compared annually with the total methane generated as measured by meter at the outlet of the methane generating digester. The difference between the monitored value of methane generated and that consumed in flare/electricity generation/heat shall be accounted as leakage from the pipelines. 

1.9 Project emissions from flaring of the residual gas stream (PEflare,y): 

In general all of the biogas produced by the project is utilized for power generation. However, a small amount of the biogas produced could be flared in an open flare, for instance during maintenance of the boilers or excess biogas. So the flaring system will be installed by the project activity to combust these biogas. 

Methane may be released as a result of incomplete combustion in the flare. To calculate project emissions from flaring of the biogas (PEflare,y), the “Tool to determine project emissions from flaring gases containing methane” (version 01 approved at EB28) is applied. 

For determination of the flare efficiency, a default value of 50% will be used for the calculation of project emissions from flaring gases, based on the fact that an open flare will be employed in the project activity. This parameter will be monitored ex-port. Ex-ante emissions from leakage from the biogas pipeline delivery system is assumed to be 0.

Annex 2. GHG METHODOLOGY FOR BP AND NDC REPORT

1. Baseline emission

Total CO2 emission of the pre-project and baseline emission from the animal waste handling. The formula to calculate:

BEh = BEth,h + BEaw,h

Where:

Beha: 
Baseline emissions in the pre-project situation of household h     (tCO2e/year)

 BEth,h:        Baseline emissions from fuel consumption for thermal energy needs of households h (tCO2e/year)

BEaw,h:   Baseline emissions from animal waste handling of households h (tCO2e/year)

1.1 Baseline emission from thermal energy demand 
This is for the pre-project situation calculated as:

BEth,h = ( (fNRB,y Fi,bl,h x NCVi x EFCO2,I + Fi,bl,h  x NCVi x EFnonCO2,i)

Where

BEth,h: The total baseline emissions from the thermal energy demand of one household (tCO2e/year)

fNRB,y: Fraction of biomass during year y that is non-renewable (100% for fossil fuels)

Fi,bl,h: Quantity of fuel i consumed in the baseline during year y (kg/household/year). Total amount of fuel type i in the baseline scenario (kg/year) of one household

NCVi: Net Calorific Value of fuel type i (TJ/ton of fuel)

EFCO2,i: The CO2 emission factor per unit of energy of fuel i (tCO2e/TJ)

EFnonCO2,i: The nonCO2 emission factor per unit of energy of fuel i (tCO2e/TJ)

1.2 Baseline emissions from animal waste management systems 
This fomular is described as: 

BEAWMS,h = GWPCH4 x ( (EFAWMS (T) x N(T),h)

Where:

BEAWMS,h: The baseline emissions from handling of animal waste in premise h (tCO2e/year) of animal category T

GWPCH4:   Global warming potential of methane (tCO2e per tCH4): 21 for the first commitment period. It shall be updated to any future COP/MOP decision

N(T),h:       The number of animals of livestock species per animal category T

EFAWMS(T): Emission factor for the defined livestock population category T, (ton CH4 per head per yr). The relevant Default methane emission factor for livestock for default animal waste methane emission factors by temperature and region can be found in tables 10.14, 10.15 & 10.16 in Chapter 10: Emissions from Livestock and Manure Management, Volume 4 – Agriculture, forestry and other land use, 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

The EFAWMS in the project scenario has been calculated using the IPCC Tier 2 approach using default values for the maximum methane potential (Bo), volatile solids excretion (VS) and methane density and the manure management category bio digester. The ex-ante assumption is that the animal manure management system (AWMS) in the project scenario is that all manure is fed to the digester. 

2.  Project emission
The ex-ante emission reductions are calculated with the following calculation

ER​y,h = Uy,h  x (BEy,h – PEy,h) x Np,y

Where

EFy,h: Annual average emission reductions in year y

Uy,h: Cumulative usage rate for technologies in project scenario p in year based on cumulative adoption rate and drop off rate revealed by usage surveys (fraction)

BEy,h: Annual average baseline emissions per household in year y

PEy,h: Annual average project activity emissions per household in year y

Np,y: Total number of biogas units commissioned as of year y

Data and parameter collected from BUS 2012

	Data / Parameter
	:
	EFb,CO2

	Data unit
	:
	kgCO2/TJ fuel

	Description
	:
	CO2 emission factor arising from use of fuels in the baseline scenario

	Source of data used
	:
	2006 IPCC Guidelines defaults, see chapter 2 Stationary Combustion:

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html

	Value applied
	:
	Fuel b

EFCO2 (kg/TJ)

LPG

63100

Charcoal

112000

Coal

94600

Firewood

112000

Agriculture residues

100000

Kerosene

71900

Charcoal production

1285 gCO2/kg charcoal



	Any comment
	:
	The CO2 emissions from agricultural residues are considered renewable; hence the CO2 emission will be zero


	Data / Parameter
	:
	EFi, CH4

	Data unit
	:
	kgCH4/TJ fuel

	Description
	:
	CH4 emission factor arising from use of fuels in the baseline scenario

	Source of data used
	:
	2006 IPCC Guidelines defaults, see chapter 2 Stationary Combustion:

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html, table 2.9 and for Charcoal Production Good Practice Guidance and Uncertainty Management in National GHG inventories: http://www.ipccnggip.

iges.or.jp/public/gp/bgp/2_2_Non-CO2_Stationary_Combustion.pdf table 1

	Value applied
	:
	Fuel i

EFCH4 (kg/TJ)

LPG

11.95

Charcoal

330.5

Coal

1458.5

Firewood

1224

Agriculture residues

2110

Kerosene

12.6

Charcoal production

1000



	Any comment
	:
	Some of the EF values in table 2.9 are ranges; in that case the average value is taken. The wood stove value taken is the value that has reference number 7. This stove is assumed more closely resembling the stoves in Viet Nam as it is a value obtained from neighbouring countries.


	Data / Parameter
	:
	EFi, N2O

	Data unit
	:
	kgN20/TJ fuel

	Description
	:
	N20 emission factor arising from use of fuels in the baseline scenario

	Source of data used
	:
	2006 IPCC Guidelines defaults, see chapter 2 Stationary Combustion:

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html, 

	Value applied
	:
	Fuel i

EFN20 (kg/TJ)

LPG

2.1

Charcoal

5.45

Coal

NA

Firewood

11.25

Agriculture residues

9.7

Kerosene

1.55

Charcoal production

NA



	Any comment
	:
	Some of the EF values in table 2.9 are ranges; in that case the average value is taken. The wood stove value taken is the value that has reference number 7. This stove is assumed more closely resembling the stoves in Viet Nam as it is a value obtained from neighbouring countries


	Data / Parameter
	:
	NCVi

	Data unit
	:
	TJ/Gg

	Description
	:
	Net calorific value of the fuel i used in the baseline scenario

	Source of data used
	:
	2006 IPCC Guidelines defaults, see chapter 1 Energy table 1.2

http://www.ipcc-nggip.iges.or.jp/public/2006gl/vol2.html

	Value applied
	:
	Fuel i

NCV (TJ/Gg))

LPG

47.3

Charcoal

29.5

Coal

25.8

Firewood

15.6

Agriculture residues

11.6

Kerosene

43.8



	Any comment
	:
	The category other primary solid biomass is taken for agricultural residues


	Data / Parameter
	:
	GWPN20

	Data unit
	:
	tCO2e per N20

	Description
	:
	Global Warming Potential (GWP) of nitrous oxide

	Source of data used
	:
	SAR IPCC

	Any comment
	:
	310 for the first commitment period. Shall be updated to any future COP/MOP decisions


	Data / Parameter
	:
	GWPCH4

	Data unit
	:
	tCO2e per CH4

	Description
	:
	Global Warming Potential (GWP) of methane

	Source of data used
	:
	SAR IPCC

	Any comment
	:
	21 for the first commitment period. Shall be updated to any future COP/MOP decisions


	Data / Parameter
	:
	VS (t)

	Data unit
	:
	kg dry matter per animal per day

	Description
	:
	Daily volatile solid excreted for livestock category T

	Source of data used
	:
	Volume 4 of the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, chapter 10 (online: http://www.ipccnggip.

iges.or.jp/public/2006gl/vol4.html)

	Value applied
	:
	Animal (T)

VST (kg/day)

Pig

0.3

Buffalo

3.9

Dairy cow

2.8

Cattle

2.3



	Any comment
	:
	Any comment: 365 = basis for calculating annual VS production, days per year


	Data / Parameter
	:
	Bo (T)

	Data unit
	:
	m3 CH4 per kg of VS excreted

	Description
	:
	Maximum methane production capacity for manure produced by livestock category T

	Source of data used
	:
	Volume 4 of the 2006 IPCC Guidelines for National Greenhouse Gas

Inventories, chapter 10 (online: http://www.ipccnggip.

iges.or.jp/public/2006gl/vol4.html)

	Value applied
	:
	Animal (T)

VST (kg/day)

B0(T) (m3 CH4/kg VS)

Pig

0.3

0.29

Buffalo

3.9

0.2

Dairy cow

2.8

0.13

Cattle

2.3

0.1



	Any comment
	:
	Any comment: 365 = basis for calculating annual VS production, days per year


	Data / Parameter
	:
	Ƞbiogasstove

	Data unit
	:
	%

	Description
	:
	Combustion efficiency of the biogas stove

	Source of data used
	:
	98%, the default value from the GS methodology: Indicative Program, baseline, and monitoring methodology for Small Scale Biodigester

	Value applied
	:
	98%


	Data / Parameter
	:
	MCF(k)

	Data unit
	:
	-

	Description
	:
	Methane conversion factor for each manure management system by climate region k

	Source of data used
	:
	Volume 4 of the 2006 IPCC Guidelines for National Greenhouse Gas

Inventories, chapter 10 (online: http://www.ipccnggip.

iges.or.jp/public/2006gl/vol4.html)


	Data / Parameter
	:
	ƑNRB,y

	Data unit
	:
	Fraction of non-renewability

	Description
	:
	Non-renewability status of woody biomass fuel in scenario I during year y

	Source of data used
	:
	Literature review, biogas user surveys

	Value of data applied for the purpose of calculating expected emission reductions 
	:
	67%

	Any comment
	:
	Fixed by baseline study for each crediting period


	Data / Parameter
	:
	Pb,y

	Data unit
	:
	Quantity of fuel that is consumed in the baseline scenario in year y

	Description
	:
	The baseline is continuously updated with new households that install a biogas plant.

	Source of data used
	:
	Biogas program for the animal husbandry sector in Viet Nam

	Value applied
	:
	Fuel

Average per hh in zone temperate (kg/yr)

LPG

14.0

Charcoal

83.8

Coal

444.7

Firewood

1840.4

Agriculture residues

653.7

Kerosene

0.8



	Any comment
	:
	100% representativeness is achieved as fuel data is collected of each household


	Data / Parameter
	:
	Ph,y

	Data unit
	:
	Kg/hh

	Description
	:
	Quantity of fuel that is consumed in the project scenario in year y

	Source of data used
	:
	Biogas user survey 2012

	Value applied
	:
	Fuel

Average per hh in zone temperate (kg/yr)

LPG

8.7

Charcoal

10.0

Coal

56.5

Firewood

971.7

Agriculture residues

33.1

Kerosene

0.0



	Any comment
	:
	


	Data / Parameter
	:
	MS (T,S,k)

	Data unit
	:
	-

	Description
	:
	Fraction of livestock category T’s manure fed into the biodigester S, in climate zone k

	Source of data used
	:
	Biogas user survey 2012

	Value applied
	:
	The next table shows the share of manure fed into the biodigesters. In the climate zone, temperate none of the households owned dairy cows.
Climate zone

Pig

Buffalo

Dairy cow

Cattle

Temperate

93%

36%

NA

26%



	Any comment
	:
	


	Data / Parameter
	:
	N(T)

	Data unit
	:
	-

	Description
	:
	Number of animals of livestock category T

	Source of data used
	:
	Biogas user survey 2012

	Value of data applied

for the purpose of

calculating expected

emission reductions
	:
	Animal

N(T) in climate zone temperate

Pig

14.03

Buffalo

0.17

Dairy cow

0.00

Cattle

0.15




	Data / Parameter
	:
	PL

	Data unit
	:
	-

	Description
	:
	Physical leakage of the biodigester

	Source of data used
	:
	IPCC 2006 guidelines

	Value applied
	:
	10%

	Any comment
	:
	The physical leakage is not monitored; this is not possible


ANNEX 3: GHG CALCULATION OF NAMA BIOGAS
1. Baseline scenario

Calculating the baseline methane emissions for the pig farm is done following the formula:

BE = Nt x EF

Whereas:

BE: base emissions (methane emissions of anaerobic fermenter/tank, unit: tonnes of CO2eq)

Nt: number of pigs in farms

EF: emission factor (kgCH4/ pig, or kg CO2eq/ pig)

Following the Handbook of IPCC for GHG inventory (1996 and 2006 versions), the default emission factors for manure management is 7kg CH4/ pig (or 147kg CO2eq/ pig) for Asia. This coefficient was used to calculate methane emissions in manure management of pig and calculation of GHG emissions in 2005. However, this value cannot be used to calculate methane emissions of pig farms, as calculated under the assumption Asian when the EF default is responded to 40% pig manure is managed in liquid form. The fact that animal waste in pig farms in Vietnam have been seized in the fermenter/ covered-tank and 100 % is managed in a liquid form, so EF for pig farms certainly different from default values mentioned above.

To determine the EF for methane in manure management on farms, needed to calculate methane emissions manure management for a farm representative and typical, according to the guidelines for calculating baseline farms pig faces stored in anaerobic conditions of the UNFCCC (AMS-III.D, version 16). Then, taking the total methane emissions calculated for farms that divided the farm pigs that will be the EF.

A represent for a typical pig farm includes sows, boars, baby-pigs and mature pigs. Then, the 3,000-pig farm has 167 sows, 6 boars, baby-pigs of 1650 and 1177 mature pigs. The data are assumed to apply in calculating methane emissions of one farm.

Formula for calculating methane emissions of manure management on farms tunnel construction/ concrete anaerobic compliance with UNFCCC guidelines (AMS-III.D, version 16).
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               (PT. 1)

Whereas:

BEy: Methane emissions from pig farm digester in year “y” (tCO2e)

GWPCH4: Global Warming Potential (GWP) of CH4 (21) 

DCH4: CH4 density (0.00067 t/m3 at room temperature (20 ºC) and 1 atm pressure).

LT: Index for all types of livestock 

j :  Index for animal waste management system 

MCFj :  Annual methane conversion factor (MCF) for the baseline animal waste management system “j” 

B 0,LT :  Maximum methane producing potential of the volatile solid generated for animal  type “LT” (m3 CH4/kg dm) 


N LT,y :  Annual average number of animals of type “LT” in year “y” (numbers) 

VS LT,y :  Volatile solids for livestock “LT” entering the animal manure management system  in year “y” (on a dry matter weight basis, kg dm/animal/year) 

MS%Bl, j :  Fraction of manure handled in baseline animal manure management system “j” 

UFb :  Model correction factor to account for model uncertainties (0.94)  
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Whereas:

VS LT,y:   Volatile solids for livestock “LT” entering the animal manure management system in year “y” (on a dry matter weight basis, kg dm/animal/year) 

Wsite : Average animal weight of a defined livestock population at the project site (kg).

Wdefault: Default average animal weight of a defined population, this data is sourced from IPCC 2006  (kg).

VS default: Default value for the volatile solid excretion rate per day on a dry-matter basis for a defined livestock population (kg dm/animal/day).

ndy: Number of days in a year ”y” where the treatment plant was operational.

Calculation results show that methane emissions for an anaerobic tank farm in one year was 1225 tonnes CO2eq. Thus, the EF of manure management on pig farms is 408.3kg CO2/pig/year or 0.408 tonnes of CO2eq /pig/year (=1225 tonnes of CO2eq/3000 pigs). This number is greater than 2.77 times the IPCC EF default of manure management for Asia countries white the EF for methane in the biogas in the CDM project of pig biogas with a generator Ratchanburi - pig farm in Thailand is 460.9 kg CO2eq /pig/year of pig farms Golden Harvest and those in Philippines is 432.4 kg CO2eq /pig /year.

According to the formula in Equation 1 (PT 1) presented the results of the methane emissions pig farms were calculated and presented in Table 1.

Table 1. Methane emissions of distributed management of pig farms

	Year
	2010
	2015
	2020
	2025
	2030

	Pig population (million head)
	27.4
	31.2
	35.0
	36.0
	37.0

	Number of Pigs in farm which installing electric. Generator  (million)
	0
	0
	6.47
	10.48
	14.43

	Baseline: CH4 emission from pig farm (million tonnes CO2eq)
	0
	0.438
	2.643
	4.278


	5.892


Table 1 showed an increase in GHG emissions of pig farms due to an increase in the number of pigs in a manner farms, emissions from0.438 MtCO2e in 2015 to 2.643 Mt CO2e in 2020, and 5.892 Mt CO2e by 2030.

2. NAMA scenario

2.1 GHG emissions related to electricity generation using biogas

The principal activity of NAMA is to establish and use biogas (methane) is generated in anaerobic tank for the providing fuel to generator, located at the pig farm. Assuming that, the farm installed generators powered by biogas with a capacity of 100 kW, with the amount of methane produced by 3000 pigs, genset operating rate is 60% (14.4 hours/day). Thus, the amount of electricity produced 1440 kW/day, or 525.6 MW/year.

Reduce GHGs emission by generator (or grid use) is calculated according to the method of calculation of the UNFCCC (AMS - ID), the formula is calculated as follows:

BEe,y = EPBiogas X CEFgrid
Whereas:

BEe,y:  Emission reduction from electricity generation using biogas (tCO2e/year)  

EPBiogas:  Electricity produced by the biogas generator unit for grid electricity replacement (MWh) 

CEFgrid: Emission coefficient for electricity grid (t CO2e/MWh

The calculated parameters for electricity generation in pig farm as showed in Table 2.
Table 2. The calculated parameters for electricity generation in pig farm

	
	Parameters
	Value
	Source

	1
	Generator installed capacity (Kw)
	100
	Estimates from actual data

	2
	Genset operating rate (%)
	60
	Estimates from experts

	3
	Daily electricity Generation (kwh/day)
	1440
	=100x 24h x 60%

	4
	Annual electricity Generation (Mwh/year)
	525.6
	=  365/1000

	5
	Grid Emission Factor (tCO2/Mwh)
	0.5603
	Vietnam DNA,5/2014


One farm with 3000pigs and using biogas for electricity generation will generate 525.6 MW/year, contribute to GHG reduction is 294.5 ton of CO2e/year.

In the NAMA proposal for 2158 farms installed biogas (methane) electricity generator in 2020, they will generate 1.13 million MWh/year, contribute to GHG reduction equals to 0.635 million ton of CO2e/year. In 2030, the NAMA proposal for 4810 farms will generate 2.53 million MWh/year contributes to reduce 1.416 million ton of CO2e/year.

2.2. Methane emissions due to physical leakage when performing NAMA

Methane emissions due to physical leakage is calculated by the following formula:
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  (PT2)

Whereas:

PEPL, y is the methane emissions due to physical leakage (tonnes CO2eq/year)

PT2 results calculated for a farm with 3,000 pigs showed that emissions due to physical leakage of 165 tons worthCO2eq/year, the emissions equivalent of 13.5% of the methane emissions basement/gas tank.

2.3 Calculate the potential of GHG emissions reductions by comparing the baseline and the NAMA scenario

The result of calculation of GHG emission reductions as showed in Table 3.
Table 3. GHG emission reductions (Mt CO2eq)

	No
	Item
	2015
	2020
	2025
	2030

	1
	Pig population (million head) in the country
	31.2
	35.0
	36.0
	37.0

	2
	Pigs in farm (million head)
	6.2
	13.0
	17.5
	22.2

	3
	Estimated number of  farms implemented NAMA biogas for electricity generation
	0
	2158


	3492
	4810

	4
	 Emissions of methane anaerobictank (Million tonnes of CO2eq)
	0
	2.643
	4.278
	5.892

	5
	Reducing emissions from biogas generators  (million tonnes of CO2eq)
	0
	0.635
	1.028
	1.416

	6
	Emissions due to physical leakage (13.5% of emissions basis)- (Million tonnes of CO2eq
	0
	0.356
	0.576
	0.794

	7
	GHG emission reduction= (line4 + line5 - line6)
	0
	2.923
	4.730
	6.515


According to estimation, the number of pig farms (implement biogas NAMA) will reach 2158 and 4810 in 2020 and 2030. With 100kW electricity generator per farm, the amount of GHG reduction potential is 2.92 Mt CO2e/year in 2020 and 6.51 Mt CO2e/year in 2030.
Result of calculation for pig farm with installing the electricity generator.
	No.
	Items
	2010
	2015
	2020
	2025
	2030
	Remark

	1
	Total number of pigs in country ( Million head)
	27.4
	31.2
	35
	36
	37
	Data 2015: estimate, data 2020 to 2030 based on national plan

	2
	Rate of pig population in farm (%)
	3%
	20%
	37%
	48.5%
	60%
	Data 2020 to 2030 based on national plan

	3
	Number of pigs in farm ( Million head)
	0.82
	6.24
	12.95
	17.46
	22.20
	= (1) x (2)

	4
	Number of farm with the assumption of 3000 head/1 farm
	274
	2080
	4317
	5820
	7400
	Calculation, = (3)/3000

	5
	Rate of farm with the assumption of 3000 head/1 farm expected to implement NAMA with install elect. Generator (%)
	0
	0
	50%
	60%
	65%
	Expert judgement

	6
	Number of Farm (3000 head/1 farm) install elect. generator
	0
	
	2158
	3492
	4810
	Calculation= (4) x (5)

	7
	Methane emission from digester in farms (Mton CO2 eq.)
	0
	
	2.643
	4.278
	5.892
	Calculation based on the UNFCCC (AMS-III.D, version 16).

	8
	Methane emission from physical leakage (Mton CO2 eq.)
	0
	
	0.356
	0.576
	0.794
	Calculation (AMS-III.D)

	9
	Emission reduction by electri. Generation (Mton CO2 eq.)
	0
	
	0.635
	1.028
	1.416
	Calculation   (AMS - ID),

	10
	Accumulate Emission reduction by electri. Generation (Mton CO2 eq.)
	0
	
	2.223
	6.579
	12.887
	Calculation

	11
	Total emission potential reduction of farm with install electri. Generator (Mton CO2 eq.)
	0
	
	2.923
	4.730
	6.515
	Calculation= (7) + (9)-(8)

	12
	USD/ton CO2 reduction
	x
	
	10.4
	2.8
	-3.5
	Calculation

	13
	Methane emission factor for farm digester (kg CO2 eq./one pig)
	
	
	408.3
	408.3
	408.3
	Calculation (AMS-III.D, version 16).


The calculated parameters and data sources used on estimating methane emissions of manure management on farms tunnel construction/ concrete anaerobic compliance with UNFCCC guidelines (AMS-III.D, version 16) and methane emissions due to physical leakage.
	
	Factor
	Value
	Source

	1
	Annual average number of animals of type “LT” in year “y” (numbers)
	3000 
	Standard farm survey: 167 sows; 06 boars; 770 piglets and 1150 adult pigs.

	2
	CH4 density (0.00067 t/m3 at room temperature (20 ºC) and 1 atm pressure).
	0.00067 
	2006 IPCC Guidelines

	3
	Annual methane conversion factor (MCF) for the baseline animal waste management system “j” 
	0.79
	2006 IPCC Guidelines

	4
	Bo: Maximum methane producing potential of the volatile solid generated for animal 

type “LT” (m3 CH4/kg dm)
	0.29
	2006 IPCC Guidelines (Table 8A)

	5
	Model correction factor to account for model uncertainties 
	0.94
	AM S-III.D (version 16)

	6
	Wdefault: Default average animal weight of a defined population, this data is sourced from IPCC 2006   (kg)
	28
	2006 IPCC Guidelines

	7
	Fraction of manure handled in baseline animal manure management system “j”
	100%
	NAMA assumption

	8
	Vs default :  Default value for the volatile solid excretion rate per day on a dry-matter basis for a defined livestock population (kg dm/animal/day) 
	0.3
	2006 IPCC Guidelines (Table 8 A)

	9
	GWPCH4: 

Global Warming Potential (GWP) of CH4
	21
	AM S-III.D (version 16)

	10
	Annual average temperature (Oc)
	25.5
	Vietnam Climate and climate resources (2004)


The project activity will reduce of GHG in the atmosphere through the destruction of methane and the displacement of electricity imported from the grid. Total emission reduction by the project activity is calculated at an average of 91,224 tCO2 per annum over a ten year crediting period. The total estimated GHG emission over ten years is 912,240 tCO2.








Based on PDD, the estimated emission reductions of a constructed biogas digestion under the Project “Biogas Program for the Animal Husbandry Sector in Vietnam are 6.343 tCO2 per household per year, However, according to monitoring report by the third party implemented in 2012, the average emission reduction was 4.62 tCO2eq/ household/ year.





With emission factor (EF = 0.5603 ton of CO2/MWh) of grid (provided by Vietnam DNA, May/2014), it will reduce 294,5 ton of CO2 per year in pig farm by generating electricity power from methane (526 MWh x 0,5603 ton of CO2/MWh). The amount of methane leakage in a 3,000 pigs farm is about 165 ton of CO2e/year, approximately 13,5% of total methane emission of one digester/farm. 








The estimated emission reductions are 4,694 tCO2 per biogas household per year. The estimated emission reduction of projected biogas digestion in 2020 is 251.83 thousand tons CO2eq.








(1)








� The project title initially submitted as evidence of prior consideration of the CDM to the UNFCCC Secretariat was “Waste to Energy Project of SURE Inc. in Binh Duong Province, Viet Nam”. The project title has been revised to “Waste to Energy Project of SURE VN in Binh Duong Province, Viet Nam” in any subsequent documents to clarify the project is implemented by Solutions Using Renewable Energy (SURE) Vietnam Joint Stock Company  


� Average swine population between 2007 and 2009  


� Ministry of Agriculture and Rural Development, 2014. “Present situation of pig production”. � HYPERLINK "http://xttm.mard.gov.vn" �http://xttm.mard.gov.vn�.
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� Chendu Biogas research Institute of the Ministry of Agriculture, China, 1989. “Biogas-producing rate of Pig manure, the biogas technology”. Page.33  
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