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Draft revision to the approved consolidated baseline methodology ACM0010 1 

�Consolidated baseline methodology for GHG emission reductions from  2 
manure management systems� 3 

I.   SOURCE, DEFINITIONS AND APPLICABILITY 4 

Sources 5 

This consolidated baseline methodology is based on elements from the following methodologies: 6 

• AM0006: �GHG emission reductions from manure management systems�, based on the 7 
CDM-PDD �Methane capture and combustion of swine manure treatment for Peralillo� whose 8 
baseline study, monitoring and verification plan and project design document were prepared by 9 
Agricola Super Limitada.  For more information regarding the proposal and its consideration by 10 
the Executive Board please refer to case NM0022:  �Methane capture and combustion of swine 11 
manure treatment for Peralillo� on <http://cdm.unfccc.int/methodologies/approved>; 12 

• AM0016: �Greenhouse gas mitigation from improved Animal Waste Management Systems in 13 
confined animal feeding operations�, whose baseline study, monitoring and verification plan 14 
and project design document were prepared by AgCert Canada Co. on behalf of Granja Becker, 15 
L.B.Pork, Inc. and AgCert Canada Co.  For more information regarding the proposal and its 16 
consideration by the Executive Board please refer to case NM0034-rev2: �Granja Becker GHG 17 
Mitigation Project� on <http://cdm.unfccc.int/methodologies/approved>. 18 

For more information regarding the proposals and their consideration by the Executive Board please 19 
refer to: 20 

• Case NM0022:  �Methane capture and combustion of swine manure treatment for Peralillo�;  21 
• Case NM0034-rev2: �Granja Becker GHG Mitigation Project�. 22 

on <http://cdm.unfccc.int/goto/MPappmeth>. 23 

The This methodology also refers to the latest approved versions of the following tools:1 24 

• �Tool to determine project emissions from flaring gases containing Methane �Project emissions 25 
from flaring�;  26 

• �Tool to calculate baseline, project and/or leakage emissions from electricity consumption�; 27 

• �Tool to calculate project or leakage CO2 emissions from fossil fuel combustion�; 28 

• �Tool for demonstration assessment and of additionality�; 29 

• �Tool to calculate the emission factor for an electricity system�; 30 

• �Assessment of the validity of the original/current baseline and to update of the baseline at the 31 
renewal of the crediting period�; 32 

• �Combined tool to identify the baseline scenario and demonstrate additionality�; 33 

• �Project and leakage emissions from anaerobic digesters�; 34 

• �Tool to determine the baseline efficiency of thermal or electric energy generation systems�; 35 

• �Tool to determine the mass flow of a greenhouse gas in a gaseous stream�. 36 

                                                      
1 Please refer to <http://cdm.unfccc.int/goto/MPappmeth>. 
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For more information on the proposals and their consideration by the Executive Board as well as on 37 
approved methodological tools please refer to: <http://cdm.unfccc.int/goto/MPappmeth>. 38 

For more information regarding the proposed new methodologies and the tools as well as their 39 
consideration by the Executive Board of the clean development mechanism please refer to 40 
<http://cdm.unfccc.int/goto/MPappmeth>. 41 

Selected approach from paragraph 48 of the CDM modalities and procedures 42 

�Emissions from a technology that represents an economically attractive course of action, taking into 43 
account barriers to investment� 44 

Applicability 45 

This methodology is applicable generally to manure management on livestock farms where the existing 46 
anaerobic manure treatment system, within the project boundary, is replaced by one or a combination of 47 
more than one animal waste management systems (AWMSs) that result in less GHG emissions 48 
compared to the existing system.   49 

This methodology is applicable to manure management projects under with the following conditions: 50 

• Farms where livestock populations, comprising of cattle, buffalo, swine, sheep, goats, and/or 51 
poultry, is managed under confined conditions; 52 

• Farms where manure is not discharged into natural water resources (e.g. rivers or estuaries); 53 

• In case of anaerobic lagoons treatments systems, the depth of the lagoons used for manure 54 
management under the baseline scenario should be at least 1m;2 55 

• The annual average temperature in at the site where the anaerobic manure treatment facility in 56 
the baseline existed is higher than 5°C; 57 

• In the baseline case, the minimum retention time of manure waste in the anaerobic treatment 58 
system is greater than 1 month; 59 

• The AWMS(s)/process in the project case results in should ensure that no leakage of manure 60 
waste into ground water takes place, e.g. the lagoon should have a non-permeable layer at the 61 
lagoon bottom. 62 

This baseline methodology shall be used in conjunction with the approved monitoring methodology 63 
ACM0010 (Consolidated baseline methodology for GHG emission reductions from manure 64 
management systems). 65 

In addition, the applicability conditions included in the tools referred to above apply. 66 

II.   BASELINE METHODOLOGY PROCEDURE 67 

Identification of the baseline scenario and demonstration of additionality 68 
 69 
Identify the baseline scenario and demonstrate additionality using the �Combined tool to identify the 70 
baseline scenario and demonstrate additionality�, following the requirements below. 71 

The methodology determines the baseline scenario through the following steps: 72 

Step 1:  Define alternative scenarios to the proposed CDM project activity; 73 

                                                      
2  In particular, loading in the waste water streams has to be high enough to assure that the lagoon develops an 

anaerobic bottom layer and that algal oxygen production can be ruled out. 
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Step 2:  Barriers analysis; 74 

Step 3:  Investment analysis; 75 

Step 4:  Baseline revision at renewal of crediting period. 76 

Step 1:  Define alternative scenarios to the proposed CDM project activity 77 

(1) Identify realistic and credible alternative scenarios that are available either to the project 78 
participants or to other potential project developers3 for managing the manure.  These 79 
alternative scenarios should include: AA: It is not clear why do we have footnote 3 in this 80 
methodology as all alternatives are under the control of the PPs (since the farm is owned by 81 
the PP in all cases). None of the alternatives can be implemented in parallel by the PPs and 82 
therefore the combined tool is applicable� 83 

• The proposed project activity not being registered as a CDM project activity; 84 

• All other plausible and credible alternatives to the project activity scenario, including 85 
the common practices in the relevant sector.   86 

In applying Step 1 of the tool, baseline alternatives for managing the manure, shall take into 87 
consideration, inter alia, the complete set of possible manure management systems listed in the 2006 88 
IPCC Guidelines for National Greenhouse Gas Inventories (Chapter 10, Table 10.17) should be taken 89 
into account. In drawing up a list of possible scenarios, possible combinations of different Animal 90 
Waste Management Systems (AWMS) should shall be taken into account. 91 

In addition to the alternative baseline scenarios identified for managing the manure, alternative 92 
scenarios for the use of gas generated from an anaerobic digester (biogas) shall also be identified if this 93 
is an aspect of the project activity: 94 

For electricity generation, alternative(s) shall include, inter alia:  95 

(a) E1: Electricity generation from biogas, undertaken without being registered as CDM project 96 
activity; 97 

(b) E2: Electricity generation in existing or new renewable based captive power plant(s); 98 

(c) E3: Electricity generation in existing and/or new grid-connected power plant; 99 

(d) E4: Electricity generation in an off-grid fossil fuel fired captive power plant; 100 

(e) E5: Electricity generation in existing and/or new grid-connected power plant and fossil fuel 101 
fired captive power plant(s). 102 

For heat generation, alternative(s) shall include, inter alia:  103 

(a) H1: Heat generation from biogas undertaken without being registered as CDM project 104 
activity; 105 

(b) H2: Heat generation in existing or new fossil fuel fired cogeneration plant(s); 106 

(c) H3: Heat generation in existing or new renewable based cogeneration plant(s); 107 

                                                      
3  For example, a coal-fired power station or hydropower may not be an alternative for an independent power 

producer investing in wind energy or for a sugar factory owner investing in a co-generation, but may be an 
alternative for a public utility.  As a result, the proposed project may be able to avoid emissions that would have 
occurred from the coal-fired power station that would have been built (or built earlier) by the utility in the 
absence of the CDM.  Therefore, there may be cases where the baseline scenario includes an alternative that is 
not accessible to the project participant.  However, there are also cases where all the alternatives are accessible 
to the project participant: for instance, this may be the case for projects flaring landfill gas, improving boilers, 
etc. 



UNFCCC/CCNUCC  
 
CDM � Executive Board ACM0010 / Version 06.0.0 

Sectoral scopes: 13 and 15 
EB 67 

 

4/53 

(d) H4: Heat generation in existing or new on-site or off-site fossil fuel based boiler(s) or air 108 
heater(s);  109 

(e) H5: Heat generation in existing or new on-site or off-site renewable energy based boiler(s) or 110 
air heater(s); 111 

(f) H6: Any other source, such as district heat; and  112 

(g) H7: Other heat generation technologies (e.g. heat pumps or solar energy). 113 

Baseline emissions due to electricity generation can be accounted for only if the baseline scenario is E3, 114 
E4 and E5. 115 

Baseline emissions due to heat generation can be accounted for only if the baseline scenario is H4. 116 

 If applicable, continuation of the current situation (no project activity or other 117 
alternatives undertaken). 118 

 119 
Eliminate alternatives that are not in compliance with all applicable legal and regulatory requirements.  120 
Apply Sub-step 1b of the latest version of the �Tool for demonstration assessment and of additionality�. 121 

For the purpose of identifying alternative scenarios that are common practice, provide an analysis of 122 
other manure management practices implemented previously or currently underway.  Projects are 123 
considered similar if they are in the same country/region, are of a similar scale, and take place in a 124 
comparable environment with respect to regulatory framework, investment climate, access to 125 
technology, access to financing, etc.  Other CDM project activities are not to be included in this 126 
analysis.  Provide documented evidence.  On the basis of that analysis, identify and include all 127 
alternative scenarios that are common practice. 128 

Step 2:  Barrier analysis 129 

Establish a complete list of barriers that would prevent alternative scenarios to occur in the absence of 130 
the CDM.  Such barriers may include: 131 

• Investment barriers, inter alia: 132 

o Debt funding is not available for this type of innovative activities; 133 

o Neither access to international capital markets due to real or perceived risks associated 134 
with domestic or foreign direct investment in the country where the project activity is to 135 
be implemented. 136 

• Technological barriers, inter alia: 137 

o Skilled and/or properly trained labour to operate and maintain the technology is not 138 
available and no education/training institution in the host country provides the needed 139 
skill, leading to equipment disrepair and malfunctioning; 140 

o Lack of infrastructure for implementation of the technology. 141 

• Barriers due to prevailing practice, inter alia: 142 

o The alternative is the �first of its kind�: No alternative of this type is currently operational 143 
in the host country or region. 144 

Since the proposed project activity not being registered as a CDM project activity shall be one of the 145 
considered alternatives, any barrier that may prevent the project activity to occur shall be included in 146 
that list. 147 

Provide transparent and documented evidence, and offer conservative interpretations of this 148 
documented evidence, as to how it demonstrates the existence and significance of the identified barriers.  149 
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Anecdotal evidence can be included, but alone is not sufficient proof of barriers.  The type of evidence 150 
to be provided may include: 151 

(a) Relevant legislation, regulatory information or industry norms; 152 

(b) Relevant (sectoral) studies or surveys (e.g. market surveys, technology studies, etc) 153 
undertaken by universities, research institutions, industry associations, companies, 154 
bilateral/multilateral institutions, etc; 155 

(c) Relevant statistical data from national or international statistics; 156 

(d) Documentation of relevant market data (e.g. market prices, tariffs, rules); 157 

(e) Written documentation from the company or institution developing or implementing the CDM 158 
project activity or the CDM project developer, such as minutes from Board meetings, 159 
correspondence, feasibility studies, financial or budgetary information, etc; 160 

(f) Documents prepared by the project developer, contractors or project partners in the context of 161 
the proposed project activity or similar previous project implementations; 162 

(g) Written documentation of independent expert judgments from industry, educational 163 
institutions (e.g. universities, technical schools, training centers), industry associations and 164 
others. 165 

Assess for all barriers identified which scenario alternatives would be prohibited from being 166 
implemented by the barrier and eliminate those alternatives from further consideration. 167 

If there is only one scenario alternative that is not prevented by any barrier, and  168 

(i) If this alternative is not the proposed project activity not being registered as a CDM project 169 
activity, then this scenario alternative is the most plausible baseline scenario; 170 

(ii) If this alternative is the proposed project activity not being registered as a CDM project 171 
activity, then the project activity is the most plausible baseline scenario; 172 

If there are still several baseline scenario alternatives remaining, either go to Step 3 (investment 173 
analysis) or choose the alternative with the lowest emissions (i.e. the most conservative) as the most 174 
plausible baseline scenario. 175 

Step 3:  Investment analysis 176 

Undertake investment analysis of all the alternatives that do not face any barriers, as identified in Step 177 
2.  For each alternative, all costs and economic benefits attributable to the waste management scenario 178 
should be illustrated in a transparent and complete manner, as shown in Table 1 below. 179 

Table 1:  Calculation of NPV and IRR 180 

COSTS AND BENEFITS Year 1 Year 2 Year n Year n+1
Equipment costs (specify the equipment needed)     
Installation costs         
Maintenance costs         
Other costs 
(e.g. operation, consultancy, engineering, etc.) 

        

Revenues from the sale of electricity or other 
project related products, when applicable 

    

SUBTOTAL          
TOTAL          
NPV (US$) (specify discount rate)     
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IRR (%)      
 181 
For each alternative baseline scenario, the internal rate of return (IRR) and/or the net present value 182 
(NPV) should be calculated.  The calculation of the IRR must include inter alia investment costs, 183 
operation and maintenance costs, as well as any other appropriate costs (engineering, consultancy, etc.).  184 
Similarly, take into consideration all revenues generated by each manure management scenario, 185 
including revenue from the sale of electricity and cost savings due to avoided electricity purchases and 186 
other sources of income related to the implementation of the project, except revenues from the sale of 187 
CERs. 188 

The IRR for all alternative scenarios should be calculated in a conservative manner.  To ensure this, 189 
assumptions and parameters for the proposed project activity, if still under consideration, should be 190 
chosen in a conservative way such that they tend to lead to a higher IRR and NPV.  For all other 191 
scenarios considered, assumptions and parameters should be chosen in a way such that they tend to lead 192 
to a lower IRR and NPV.  This conservative choice of parameters and assumptions should be ensured 193 
by obtaining expert opinions and should be evaluated by the DOE as part of the validation of the project 194 
activity. 195 

If the IRR cannot be calculated due to the existence of only negative flows in the financial analysis, the 196 
comparison should be based on the NPV, stating explicitly the discount rate used. 197 

The baseline scenario is identified as the economically most attractive course of action i.e., 198 
alternative scenario with highest IRR or NPV, where the IRR cannot be calculated 199 

Step 4:  Baseline revision at renewal of crediting period 200 

Renewal of crediting period: The project participants, at the renewal of each credit period, will 201 
undertake the relevance of baseline scenario identified above taking into account change in the relevant 202 
national and/or sectoral regulations between two crediting periods as well as any increase in the animal 203 
stock above the pre-project animal stock.  This assessment will be undertaken by the verifying DOE.  204 

Additionality  205 

If the baseline determination in this methodology (see section "Identification of the baseline scenario" 206 
above) demonstrates that the baseline is different from the proposed project activity not undertaken as a 207 
CDM project activity it may be concluded that the project is additional. 208 

Project boundary 209 

The spatial extent of the project boundary encompasses the site of the AWMS(s), including the flare or 210 
energy and/or heat generation equipment and the power/heat source.  211 
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 212 
 

PROJECT BOUNDARY 

Loading

ANIMAL
BARNS Combustion 

Flare;
Heat and/or 
electricity 

Effluent Usage or Disposal

Power/ heat Source

User 

AWMS (more than one 
technology/process can 
replace baseline AWMS) 

 213 
Figure 1:  The Project activity b Boundary 214 

 215 
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Table 2:  Emissions sources included in or excluded from the project boundary 216 
 Source Gas  Justification/Explanation 

CH4 Included The major source of emissions in the 
baseline 

N2O Included Direct and indirect N2O emissions are 
accounted  

Direct Eemissions 
from the waste 
treatment 
processes CO2 Excluded CO2 emissions from the decomposition of 

organic waste are not accounted 
CO2 Included Electricity may be consumed from the grid 

or generated onsite in the baseline scenario 
CH4 Excluded Excluded for simplification. This is 

conservative 

Emissions from 
electricity 
consumption / 
generation N2O Excluded Excluded for simplification. This is 

conservative 
CO2 Included If thermal energy generation is included in 

the project activity 
CH4 Excluded Excluded for simplification. This is 

conservative 

B
as

el
in

e 

Emissions from 
thermal energy 
generation N2O Excluded Excluded for simplification. This is 

conservative 

 Source Gas  Justification/Explanation 
CO2 Included May be an important emission source 
CH4 Excluded Excluded for simplification. This emission 

source is assumed to be very small 
Emissions from 
thermal energy 
generation use N2O Excluded Excluded for simplification. This emission 

source is assumed to be very small 
CO2 Included May be an important emission source. If 

electricity is generated from collected 
biogas, these emissions are not accounted 
for 

CH4 Excluded Excluded for simplification. This emission 
source is assumed to be very small 

Emissions from 
on-site electricity 
use  

N2O Excluded Excluded for simplification. This emission 
source is assumed to be very small 

N2O Included Direct and indirect N2O emissions are 
accounted 

CO2 Excluded CO2 emissions from the decomposition of 
organic waste are not accounted  

Pr
oj

ec
t A

ct
iv

ity
 

Direct Eemissions 
from the waste 
treatment 
processes 

CH4 Included The emission from anaerobic digesters and 
uncombusted methane, physical leakage, 
and minor CH4 emissions from aerobic 
treatment 

The project proponents will shall provide a clear diagrammatic representation in the CDM-PDD of the 217 
project scenario with showing all the manure waste treatments steps adopted in treating the manure 218 
waste as well as its final disposal in the CDM-PDD. The diagrammatic representation will also indicate 219 
the fraction of volatile solids degraded within the project boundary in pre-project situation before 220 
disposal. This shall include the final disposal use of methane, if any is captured, and also the auxiliary 221 
energy used to run project treatments steps. The diagrammatic representation shall also indicate the 222 
fraction of volatile solids degraded within the project boundary in the pre-project situation before 223 
disposal. 224 
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The precise location of the farm(s) where the project activity takes place shall be identified in the 225 
CDM-PDD (e.g. co-ordinates of farm(s) using global positioning system). 226 

Baseline emissions 227 

The baseline is the AWMSs identified through the baseline selection procedure, as well as, when 228 
relevant, the baseline for the use of gas generated from the anaerobic digester. 229 

Baseline emissions are: 230 

yheatelecyONyCHy BEBEBEBE ,/,2,4 ++=  (1) 231 

Where: 232 
yBE  = Baseline emissions in year y (t CO2/yr) 

yCHBE ,4  = Baseline CH4 emissions in year y (t CO2/yr) 

yONBE ,2  = Baseline N2O emissions in year y (t CO2/yr) 

yheatelecBE ,/  = Baseline CO2 emissions from electricity and/or heat used in the baseline (t CO2/yr) 

 233 
(i) Baseline CH4 emissions (BECH4,y) 234 

The manure management system in the baseline could be based on different livestock, treatment 235 
systems and on one or more stages.  Therefore: 236 

( )jBlyLTLTLTj
LTj

CHCHyCH MSVSNBMCFDGWPBE ,,,0
,

44,4 %××××××= ∑   (2) 237 

Where: 238 
yCHBE ,4  = Baseline CH4 emissions (tCO2/yr) 

4CHGWP  = Global Warming Potential (GWP) of CH4 (tCO2e/tCH4) 

4CHD  = Density of CH4 (t/m3)(0.00067 t/m3 at room temperature (20 ºC) and 1 atm 
pressure) 

jMCF  = Annual methane conversion factor (MCF) for the baseline AWMSj  

LTB ,0  = Maximum methane producing potential of the volatile solid generated, in 
m3CH4/kg_dm, by animal type LT (m3CH4/kg_dm) 

LTN  = Annual average number of animals of type LT for the year y (number) 

yLTVS ,  = Annual volatile solid excretions for livestock LT entering all AWMS on a dry 
matter weight basis (kg-dm/animal/yr), as estimated below 

jBlMS ,%  = Fraction of manure handled in system j in the baseline 

LT = Type of livestock  
j = Type of treatment system 
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Estimation of various variables and parameters used in the above equation: 239 

(A) VSLT,y can shall be determined in one of the following four ways, stated presented in the order of 240 
preference 241 

Option1: 242 

Using published country specific data. If the data is expressed in kilogram volatile solid excretion per 243 
day on a dry-matter basis (kg-dm per day), multiply the value with ndy (number of days treatment plant 244 
was operational in year y). 245 

Option 2: 246 

Estimation of VSLT,y based on dietary intake of livestock: 247 

( ) y
LT

LT
LT

LTyLT nd
ED

ASHGEUEDEGEVS ×⎥
⎦

⎤
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛ −
×⎥

⎦

⎤
⎢
⎣

⎡
×+⎟

⎠
⎞

⎜
⎝
⎛ −×=

1
100

1,   (3) 248 

Where: 249 
yLTVS ,  = Annual volatile solid excretions for livestock LT entering all AWMS on a dry matter 

weight basis (kg-dm/animal/yr) 
LTGE  = Daily average gross energy intake (MJ/animal/day)  

LTDE  = Digestible energy of the feed (percent) (IPCC 2006 defaults available) 

UE GELT = Urinary energy (fraction of GELT) Typically 0.04GELT can be considered urinary 
energy excretion by most ruminants (reduce to 0.02 for ruminants fed with 85% or 
more grain in the diet or for swine).  Use country-specific values where available 

ASH  = Ash content of manure (fraction of the dry matter feed intake).  Use country-specific 
values where available 

LTED  = Energy density of the feed (IPCC notes the energy density of feed, ED, is typically 
18.45 MJ/kg DM, which is relatively constant across a wide variety of grain-based 
feeds.) fed to livestock type LT (MJ/kg-dm). The project proponent will record the 
composition of the feed to enable the DOE to verify the energy density of the feed 

ynd  = Number of days treatment plant was operational in year y 

Option 3: 250 

Scaling default IPCC values VSdefault to adjust for a site-specific average animal weight as shown in 251 
equation below: 252 

ydefault
default

site
yLT ndVS

W
WVS ××⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
=,   (4) 253 

Where: 254 
yLTVS ,  = Annual volatile solid excretions for livestock LT entering all AWMS on a dry matter 

weight basis (kg-dm/animal/yr) 
siteW  = Average animal weight of a defined livestock population at the project site (kg) 

defaultW t = Default average animal weight of a defined population (kg) from where the data on 
VSdefault is sourced (IPCC 2006 or US-EPA, which ever is lower) 
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 255 
defaultVS  = 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 
(kg-dm/animal/day) 

ynd  = Number of days treatment plant was operational in year y 

Option 4:  256 

Utilizing published IPCC defaults (IPCC 2006 guidelines, volume 4, chapter 10), multiply the value 257 
with by ndy (number of days in year y). 258 

Developed countries VSLT,y values can may be used provided the following conditions can beare 259 
satisfied: 260 

• The genetic source of the production operations livestock originate from an Annex I Party; 261 

• The farm use formulated feed rations (FFR) which are optimized for the various animal(s), 262 
stage of growth, category, weight gain/productivity and/or genetics; 263 

• The use of FFR can be validated (through on-farm record keeping, feed supplier, etc.); and 264 

• The project specific animal weights are more similar to developed country IPCC default values. 265 

The following sources should be used to calculate baseline emissions: 266 

• IPCC 2006 guidelines, volume 4, chapter 10; 267 

• US-EPA 2001:  Development Document for the Proposed Revisions to the National Pollutant 268 
Discharge Elimination System Regulation and the Effluent Guidelines for Concentrated Animal 269 
Feeding Operations, Chapter 8.2 (http://epa.gov/ost/guide/cafo/devdoc.html 270 
http://water.epa.gov/scitech/wastetech/guide/cafo/upload/2001_02_06_guide_cafo_DDChapter271 
s1-4.pdf). 272 

(B) Maximum Methane Production Potential (B0,LT): 273 

This value varies by species and diet.  Where default values are used, they should be taken from tables 274 
10A-4 through 10A-9 (IPCC 2006 Guidelines for National Greenhouse Gas Inventories volume 4, 275 
chapter 10) specific to the country where the project is implemented.   276 

Developed countries B0,LT values can be used provided the following conditions are satisfied: 277 

• The genetic source of the production operations livestock originate from an Annex I Party; 278 

• The farm use formulated feed rations (FFR) which are optimized for the various animal(s), 279 
stage of growth, category, weight gain/productivity and/or genetics; 280 

• The use of FFR can be validated (through on-farm record keeping, feed supplier, etc.); 281 

• The project specific animal weights are more similar to developed country IPCC default values. 282 

(C) Methane conversion factors (MCFs):  283 

• The IPCC 2006 MCF values given in table 10.17 (chapter 10, volume 4) should be used, which 284 
is attached here as Annex 3.  MCF values depend on the annual average temperature where the 285 
anaerobic manure treatment facility in the baseline existed.  For average annual temperatures 286 
below 10 oC and above 5 oC, a linear interpolation should be used to estimate the MCF value at 287 
the specific temperature assuming an MCF value of 0 at an annual average of 5 oC.  Future 288 
revisions to the IPCC Guidelines for National Greenhouse Gas Inventories should be taken into 289 
account;  290 
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• A conservativeness factor should be applied by multiplying MCF values (estimated as per 291 
above bullet) with a value of 0.94, to account for the 20% uncertainty in the MCF values as 292 
reported by IPCC 2006.  293 

For subsequent treatment stages, the reduction of the volatile solids during a treatment stage is 294 
estimated based on referenced data for different treatment types. Emissions from the next treatment 295 
stage are then calculated following the approach outlined above, but with volatile solids adjusted for the 296 
reduction from the previous treatment stages by multiplying by (1 - RVS), where RVS is the relative 297 
reduction of volatile solids from the previous stage. The relative reduction (RVS) of volatile solids 298 
depends on the treatment technology and should be estimated in a conservative manner. Default values 299 
for different treatment technologies can be found in Table 8.10 of chapter 8.2 in US-EPA (2001).4  300 
These values are provided in appendix 1 (values for VS).  301 

(B) Annual average number of animals of type LT (NLT) 302 

Option 1: 303 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
×=

365
p

daLT

N
NN  (5.a) 304 

Where: 305 
LTN  = Annual average number of animals of type LT for the year y (number) 

daN  = Number of days animal is alive in the farm in the year y (number) 

pN  = Number of animals produced annually of type LT for the year y (number) 

Option 2:  306 

If the project developer can monitor in a reliable and traceable way the daily stock of animals in the 307 
farm, discounting dead animals and animals discarded from the productive process from the daily stock, 308 
then the annual average number of animals (NLT) may be calculated as an average of the daily stock of 309 
animals in the farm without considering dead animals and discarded animalsfollows:   310 

365

365

1
∑

=
AA

LT

N
N  (5.b) 311 

Where: 312 
LTN : = Annual average number of animals of type LT for the year y (number) 

AAN  = Daily stock of animals in the farm, discounting dead and discarded animals 
(number) 

                                                      
4 <http://www.epa.gov/ost/guide/cafo/pdf/DDChapters8.pdf>. 
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(ii) Baseline N2O emissions (BEN2O,y) from manure management 313 

)(*
1000

1** ,,2,,2,22,2 yIDONyDONNNONONyON EECFGWPBE += −   (6) 314 

Where: 315 
yONBE ,2  = Annual baseline N2O emissions in (tCO2e/yr) 

ONGWP 2  = Global Warming Potential (GWP) for N2O (tCO2e/tN2O) 

NNONCF ,2 −  = Conversion factor N2O-N to N2O (44/28) 

yDONE ,,2  = Direct N2O emission in year y (kg N2O-N/year) 

yIDONE ,,2  = Indirect N2O emission in year y (kg N2O-N/year) 

∑=
LTj

jBlLTyLTjDONyDON MSNNEXEFE
,

,,,,2,,2 %***   (7) 316 

Where: 317 
yDONE ,,2  = Direct N2O emission in year y (kg N2O-N/yr) Are the direct nitrous oxide emissions 

in kg of N2O per year 
jDONEF ,,2  = Direct N2O emission factor for the treatment system j of the manure management 

system (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) 

yLTNEX ,  = Annual average nitrogen excretion per head of a defined livestock population 
(kg N/animal/yr) estimated as described in appendix 2 

jBlMS ,%  = Fraction of manure handled in system j (fraction) 

LTN  = Annual Average number of animals of type LT for the year y estimated as per 
equation (5.a) or (5.b) (number) 

∑=
LTj

jBlLTyLTLTjgasMSIDONyIDON MSNNEXFEFE
,

,,,,,2,,2 %****   (8) 318 

Where: 319 
yIDONE ,,2  = Indirect N2O emission in year y (kg N2O-N/year) Are the indirect nitrous oxide 

emissions in kg of N2O per year 
IDONEF ,2  = 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 for National Greenhouse Gas Inventories can be used 

yLTNEX ,  = Annual average nitrogen excretion per head of a defined livestock population 
(kg N/animal/year) estimated as described in appendix 2 

jBlMS ,%  = Fraction of manure handled in system j (fraction) 

FgasMS,j,LT = Percent of managed manure nitrogen for livestock category that volatilises as NH3 
and NOX in the manure management system Default values for nitrogen loss due to 
volatilisation of NH3 and NOX from manure management (fraction) 

LTN  = Annual average number of animals of type LT for the year y estimated as per 
equation (5.a) or (5.b) (number) 

 320 
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For subsequent treatment stages, the reduction of the nitrogen during a treatment stage is estimated 321 
based on referenced data for different treatment types. Emissions from the next treatment stage are then 322 
calculated following the approach outlined above, but with nitrogen adjusted for the reduction from the 323 
previous treatment stages by multiplying by (1 - RN), where RN is the relative reduction of nitrogen from 324 
the previous stage. The relative reduction (RN) of nitrogen depends on the treatment technology and 325 
should be estimated in a conservative manner. Default values for different treatment technologies can 326 
be found in Chapter 8.2 in US-EPA (2001).5  These values are provided in appendix 1 (values for TN).   327 

(iii) Baseline CO2 emission from electricity and/or heat within the project boundary used in the baseline 328 

yHG,yEC,yelec/heat, BEBEBE +=   (9) 329 

Where: 330 
yelec/heat,BE  = Baseline CO2 emissions from electricity and/or heat used in the baseline (tCO2/yr) 

yEC,BE  = Baseline emissions associated with electricity generation in year y (tCO2/yr) 

yHG,BE  = Baseline emissions associated with heat generation in year y (tCO2/yr) 

ythermBlyBLgridydyelecBlyBlyheatelec CEFHGCEFEGCEFEGBE ,,,,,,,,/ ⋅+⋅+⋅=  (9) 331 

Where: 332 
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  = Is the CO2 emissions intensity for thermal energy generation (tCO2 e/MJ)  

                                                      
5 <http://www.epa.gov/ost/guide/cafo/pdf/DDChapters8.pdf>.. 
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Determination of CEFBl,elec:  333 

In cases where electricity would in the absence of the project activity be generated in an on-site fossil 334 
fuel fired power plant, project participants should use for CEFBl,elec, the default emission factor for a 335 
diesel generator with a capacity of more than 200 kW for small-scale project activities (0.8 tCO2/MWh, 336 
see Table I.D.1 in the simplified baseline and monitoring methodology AMS.I.D for selected small-337 
scale CDM project activity categories).  338 

In cases where electricity would, in the absence of the project activity, be purchased from the grid, the 339 
emission factor CEFBl,elec should be calculated according to approved methodology �Tool to calculate 340 
the emission factor for an electricity system�.  If electricity consumption is less than small scale 341 
threshold (15 GWh/yr), use the default emission factor for a diesel generator with a capacity of more 342 
than 200 kW for small-scale project activities (0.8 tCO2/MWh, see Table I.D.1 in the simplified 343 
baseline and monitoring methodology AMS.I.D for selected small-scale CDM project activity 344 
categories). 345 

Determination of CEFgrid: 346 

CEFgrid should be calculated according to �Tool to calculate the emission factor for an electricity 347 
system�. 348 

Determination of CEFBl,therm: 349 

CEFBl,therm is the CO2 emissions intensity for thermal energy generation (tCO2e/MJ). 350 

Baseline emissions associated with electricity generation (BEEC,y) 351 

The baseline emissions associated with electricity generation in year y (BEEC,y) shall be calculated using 352 
the �Tool to calculate baseline, project and/or leakage emissions from electricity consumption�. When 353 
applying the tool: 354 

(a) The electricity sources k in the tool correspond to the sources of electricity generated 355 
identified in the selection of the most plausible baseline scenario;  356 

(b) ECBL,k,y  in the tool is equivalent to the net amount of electricity generated using biogas in 357 
year y (EGd,y) 358 

Baseline emissions associated with heat generation (BEHG,y) 359 

The baseline emissions associated with heat generation in year y (BEHG,y) are determined based on the 360 
amount of methane in the biogas which is sent to the heat generation equipment in the project activity 361 
(boiler or air heater), as follows: 362 

( )∑
=

=
n

1k
kHG,BL,CO2,yk,dest,HG,CH4,yk,,efficiencyCH4yHG, EF*F*R*NCVBE  (10) 363 

Where:  364 
yHG,BE  = Baseline emissions associated with heat generation in year y (tCO2/yr) 

CH4NCV  = Net calorific value of methane at reference conditions (TJ/t CH4) 

yk,,efficiencyR  = Ratio of the project and baseline efficiency of heat equipment type k in year y 

yk,dest,HG,CH4,F  = Amount of methane in the biogas which is destroyed for heat generation by 
equipment type k in year y (t CH4/yr)  

kHG,BL,CO2,EF  = CO2 emission factor of the fossil fuel type used for heat generation by equipment 
type k in the baseline (t CO2/TJ) 
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k = Heat generation equipment (boiler or air heater) 
n = Number of different heat generation equipment used in the project activity 

Determination of Refficiency,k,y 365 

The ratio of the project and baseline efficiency of an air heater or boiler is determined as follows:  366 

⎪⎭

⎪
⎬
⎫

⎪⎩

⎪
⎨
⎧

=
kBL,HG,

yk,PJ,HG,
yk,,efficiency ;1min

η
η

R   (11) 367 

Where:  368 
yk,,efficiencyR  = Ratio of the project and baseline efficiency of equipment type k in year y 

kBL,HG,η  = Efficiency of the heat generation equipment type k used in the baseline 

yk,PJ,HG,η  = Efficiency of the heat generation equipment type k used in the project activity in 
year y 

k = Heat generation equipment type (boiler, air heater or kiln) 

To estimate the baseline energy efficiency of an air heater or boiler (ηHG,BL,k) project participants shall 369 
apply the �Tool to determine the baseline efficiency of thermal or electric energy generation systems�.  370 

Determination of FCH4,HG,dest,k,y 371 

FCH4,HG,y is determined using the �Tool to determine the mass flow of a greenhouse gas in a gaseous 372 
stream�. The following requirements apply: 373 

(a) The gaseous stream the tool shall be applied to is the biogas delivery pipeline to each item of 374 
heat generation equipment k, FCH4,HG,k,y is then calculated as the sum of mass flows to each 375 
item of heat generation equipment k; 376 

(b) CH4 is the greenhouse gases for which the mass flow should be determined; 377 

(c) The mass flow should be calculated on an hourly basis for each hour h in year y; 378 

(d) The simplification offered for calculating the molecular mass of the gaseous stream is valid 379 
(equations 3 or 17 in the tool); and 380 

(e) The mass flow for each hour in year y shall be summed to a yearly unit basis (t CH4). 381 

Baseline electricity and thermal energy consumptions should be estimated as the average of the 382 
historical 3 years consumption. 383 

Project emissions  384 

The project activity might include one or more AWMS to treat the manure. For example, the manure 385 
might be first treated in an anaerobic digester and then treated waste might be further processed using 386 
an aerobic pond. Each AWMS is referred to as a treatment stage. 387 

Project emissions are estimated as follows: 388 

 /,,,2,, heatelecyflareyPLyONyAeryADy PEPEPEPEPEPEPE +++++=  (10) 389 

 ,/,2,, yFCECyONyAeryADy PEPEPEPEPE +++=  (12) 390 
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Where: 391 
yADPE ,  = Project emissions associated with the anaerobic digester in year y (tCO2e/yr) 

Leakage from AWMS systems that capture�s methane in t CO2e/yr 
yAerPE ,  = Project CH4 Methane emissions from aerobic AWMS treatment that aerobically 

treats the manure in (tCO2e/yr) 
yONPE ,2  = Project N2O emissions in year y (t CO2/yr) 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,y 

yFCECPE ,/  

= Project emissions from electricity consumption and fossil fuel combustion use of 
heat and/or electricity in the project case in (tCO2e/yr) 

(i) Project emissions associated with the anaerobic digester in year y Methane emissions from AWMS 392 
where gas is captured (PEAD,y) 393 

PEAD,y is determined using the tool �Project and leakage emissions from anaerobic digesters�. 394 

IPCC guidelines specify physical leakage from anaerobic digesters as being 15% of total biogas 395 
production.  Where project participants use lower values for percentage of physical leakage, they should 396 
provide measurements proving that this lower value is appropriate for the project.  397 

Ex ante leakage to be reported in the CDM-PDD will be estimated using equation 11.a or 11.b below, 398 
with a leakage factor of 0.15 or a lower value, if properly justified through documented evidence (which 399 
should be validated by the DOE).  400 

If project case AWMS is anaerobic digester only, then use equation (11.a), else use equation (11.b). 401 

∑⋅=
LT

yLTLTLTADADCHCHyAD VSNBFLFDGWPPE )**(*** ,,044,
 (11.a) 402 

( ) ∑∏ ⎥
⎦

⎤
⎢
⎣

⎡
−⋅=

= LTj
jyLTLTLT

N

n
nVSADADCHCHyAD MSVSNBRFLFDGWPPE

,
,,0

1
,44, )%***(*1***  (11.b) 403 

Where: 404 
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 

(5.a) or (5.b), 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 

As noted in equations (11.a) and (11.b), not all volatile solids are degraded in the anaerobic digester.  If 405 
the undegraded volatile solid in the effluent from anaerobic digester is discharged outside the project 406 
boundary without further treatment, these emissions should be treated as leakage and appropriately 407 
reported and accounted. 408 
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(ii) Project CH4Methane emissions from aerobic AWMS treatment (PEAer, y) 409 

IPCC guidelines specify emissions from aerobic lagoons as 0.1% of total methane generating potential 410 
of the waste processed, which can be used as a default for all types of aerobic AWMS treatment. 411 

( ) ySl
LTj

jyLTLTLT

N

n
nVSAerCHCHyAer PEMSVSNBRFDGWPPE ,

,
,,0

1
,44, )%***(*1**001.0** +⎥

⎦

⎤
⎢
⎣

⎡
−= ∑∏

=

 (13) 412 

Where: 413 
4CHGWP  = Global Warming Potential (GWP) of CH4 (tCO2e/tCH4) 

nVSR ,  = Fraction of volatile solid degraded in AWMS treatment method n of the N treatment 
steps prior to waste being treated in an aerobic lagoon (fraction) 

4CHD  = Density of CH4 (t/m3)(0.00067 t/m3 at room temperature (20 ºC) and 1 atm pressure). 

AerF  = Fraction of volatile solid directed to aerobic system (fraction) 

LT = Index for Type of livestock type 
LTB ,0  = Maximum methane producing potential of the volatile solid generated by animal type 

LT (m3CH4/kg_dm)  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.  

yLTVS ,  = Annual volatile solid excretion livestock type LT entering all AWMS on a dry matter 
weight basis in (kg-dm/animal/yr) 

LTN  = Annual average number of animals of type LT for the year y (number) as estimated in 
equation (5.a) or (5.b)., expressed in numbers 

ySlPE ,  = Project CH4 emissions from sludge disposed of in storage pit prior to disposal during 
the year y, expressed in tons of (tCO2e /yr) 

jMS%  = Fraction of manure handled in system j in the project activity (fraction) 

Aerobic treatment results in large accumulations of sludge.  Sludge requires removal and has large VS 414 
values. It is important to identify the following management process for the sludge and estimate the 415 
emissions from that management process. If the sludge ponds are not within the project boundary, the 416 
emissions should be included in as leakages. The emissions from sludge ponds shall be estimated as 417 
follows: 418 

( ) ∑∏ ⎥
⎦

⎤
⎢
⎣

⎡
−=

= LTj
jyLTLTLT

N

n
nVSAerslCHCHySl MSVSNBRFMCFDGWPPE

,
,,0

1
,44, )%***(*1****  (14) 419 

Where: 420 
4CHGWP  = Global Warming Potential (GWP) of CH4 (tCO2e/tCH4) 

nVSR ,  = Fraction of volatile solid degraded in AWMS treatment method n of the N treatment 
steps prior to waste (sludge) being treated. (fraction)  Values for Rvs should be taken 
from Annex 1  

4CHD  = Density of CH4 (t/m3) CH4 density (0.00067 t/m3 at room temperature (20 ºC) and 1 atm 
pressure). 

AerF  = Fraction of volatile solid directed to aerobic system (fraction) 

LT = Type of livestock Index for livestock type 
LTB ,0  = Maximum methane producing potential of the volatile solid generated by animal type 

LT (m3CH4/kg_dm) 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 

yLTVS ,  = Annual volatile solid excretion livestock type LT entering all AWMS on a dry matter 
weight basis in (kg-dm/animal/yr)Annual volatile solid excretion of livestock type LT 
on a dry-matter basis in kg/animal/year 
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LTN  = Annual average number of animals of type LT for the year y (number) as estimated as 
per equation (5.a) or (5.b), expressed in numbers 

jMS%  = Fraction of manure handled in system j in the project activity (fraction) 

slMCF  = Methane conversion factor (MCF) for the sludge stored in sludge pits (fraction) 
estimated as in the baseline emissions section 

(iii) Project N2O emissions in year y (PEN2O,y) N2O emissions from manure management 421 

)(*
1000

1** ,,2,,2,22,2 yIDONyDONNNONONyON EECFGWPPE += −  (15) 422 

Where: 423 
yONPE ,2  = Project N2O emissions in year y (t CO2/yr) Annual project N2O emissions in t CO2e/yr

ONGWP 2  = Global Warming Potential (GWP) for N2O (tCO2e/tN2O) 

NNONCF ,2 −  = Conversion factor N2O-N to N2O (44/28) 

yDONE ,,2  = Direct N2O emission in year y (kg N2O-N/year) Direct N2O emission in kg N2O-
year 

yIDONE ,,2  = Indirect N2O emission in year y (kg N2O-N/year) Indirect N2O emission in kg N2O-
year 

Option 1: 424 

∑=
LTj

jLTyLTjDONyDON MSNNEXEFE
,

,,,2,,2 %***   (16) 425 

Where: 426 
yDONE ,,2  = Direct N2O emission in year y (kg N2O-N/yr) Are the direct nitrous oxide emissions 

in kg of N2O per year 
jDONEF ,,2  = Direct N2O emission factor for the treatment system j of the manure management 

system (kg N2O-N/kg N) 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) 

yLTNEX ,  = Annual average nitrogen excretion per head of a defined livestock population 
(kg N/animal/yr) estimated as described in appendix 2 

jMS%  = Fraction of manure handled in system j in the project activity (fraction) 

LTN  = Annual average number of animals of type LT for the year y estimated as per 
equation (5.a) or (5.b) (number) 

∑=
LTj

jLTyLTLTjgasMSIDONyIDON MSNNEXFEFE
,

,,,,2,,2 %****  (17) 427 

Where: 428 
EN2O,ID,y = Indirect N2O emission in year y (kg N2O-N/year) Are the indirect nitrous oxide 

emissions in kg of N2O per year 
IDONEF ,2  = 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 

yLTNEX ,  = Annual average nitrogen excretion per head of a defined livestock population 
(kg N/animal/yr)estimated as described in appendix 2 
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jMS%  = Fraction of manure handled in system j in the project activity (fraction) 

LTjgasMSF ,,  = Percent of managed manure nitrogen for livestock category that volatilises as NH3 
and NOX in the manure management system Default values for nitrogen loss due to 
volatilisation of NH3 and NOX from manure management (fraction) 

NLT = Annual average number of animals of type LT for the year y estimated as per 
equation (5.a) or (5.b) (number) 

Option 2: 429 

( )∑ ∑
=

=
j m

mEMmEMjDONyDON NQEFE
12

1
,,,,,, ][**

22

 
(18) 430 

( )∑ ∑
=

⋅⋅⋅=
LTj m

mEMmEMLTjgasMSIDONyIDON NQFEFE
,

12

1
,,,,,,, ][

22

  
(19) 431 

Where: 432 
yDONE ,,2

 = Direct N2O emission in year y (kg N2O-N/year) 

yIDONE ,,2
 = Indirect N2O emission in year y (kg N2O-N/year) 

EFN2O,D,j = Direct N2O emission factor for the treatment system j of the manure management 
system (kg N2O-N/kg N) 

mEMQ ,  = Monthly volume of the effluent mix entering the manure management system 
(m3/month) 

mEMN ,][  = Monthly total nitrogen concentration in the effluent mix entering the manure 
management system (kg N/m3) 

IDONEF ,2
 = 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) 
LTjgasMSF ,,  

= Default values for nitrogen loss due to volatilisation of NH3 and NOX from manure 
management (fraction) 

For subsequent treatment stages, the reduction of the nitrogen during a treatment stage is estimated 433 
based on referenced data for different treatment types. Emissions from the next treatment stage are then 434 
calculated following the approach outlined above, but with nitrogen adjusted for the reduction from the 435 
previous treatment stages by multiplying by (1-RN), where RN is the relative reduction of nitrogen from 436 
the previous stage. The relative reduction (RN) of nitrogen depends on the treatment technology and 437 
should be estimated in a conservative manner. Default values for different treatment technologies can be 438 
found in Chapter 8.2 in US-EPA (2001).6  These values are provided in appendix 1 (values for TN).    439 

(iv) Physical leakage from distribution network of the captured methane in (PEPL) 440 

This refers to leaks in the biogas system from the biogas pipeline delivery system.  The sum of the 441 
quantities of captured methane fed to the flare, to the power plant and to the boiler (measured as per the 442 
monitoring plan) must be compared annually with the total methane generated as measured by meter at 443 
the outlet of the methane generating digester.  The difference between the monitored value of methane 444 
generated and that consumed in flare/electricity generation/heat shall be accounted as leakage from the 445 
pipelines.  446 

In the case where biogas is just flared and the pipeline from collection point to flare is short (i.e., less 447 
than 1 km, and for on site delivery only), one flow meter can be used.  In such cases the physical 448 
leakage may be considered as zero.  449 

                                                      
6  <http://www.epa.gov/ost/guide/cafo/pdf/DDChapters8.pdf>.  
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(v) Project emissions from flaring of the residual gas stream (PEflare,y): 450 
The combustion of biogas methane may give rise to significant methane emissions as a result of 451 
incomplete or inefficient combustion.   452 

Project emissions from flaring of the residual gas stream should be determined following the procedure 453 
described in the �Tool to determine project emissions from flaring gases containing Methane�.  454 
(vi) Project emissions from use of heat use and/or electricity use (PEelec/heat) 455 

These emissions should only be considered for consumption of electricity or heat that is not related  to 456 
the anaerobic digester, as those emissions will be considered while estimating PEAD,y. 457 

yj,heat,
j

y Elec,yelec/heat, PE  PE  PE ∑+=   (21) 458 

yj,FC,
j

y EC,yEC/FC, PE  PE  PE ∑+=   (20) 459 

Where: 460 
y EC,PE PEElec,y = Are the Project emissions from electricity consumption in year y of electricity 

in the project case. The project emissions from electricity consumption (PEElec,y 
= PEEC,y) will be calculated following the latest version of �Tool to calculate 
baseline, project and/or leakage emissions from electricity consumption�. In 
case, the electricity consumption is not measured then the electricity 
consumption shall be estimated as follows: 

∑=
i

y,iy,PJ 8760*CPEC , where CPi,y is the rated capacity (in MW) of 

electrical equipment i used for the project activity 
yj,FC,PE PEheat,j,y = Project emissions from fossil fuel combustion in process j during the year y 

Are the emissions from consumption of heat in the project case.  The project 
emissions from fossil fuel combustion (PEheat,j,y  = PEFC,j,y ) will be calculated 
following the latest version of �Tool to calculate project or leakage CO2 
emissions from fossil fuel combustion�.  For this purpose, the processes j in the 
tool corresponds to all fossil fuel combustion in the AWMS (not including 
fossil fuels consumed for transportation of feed material and sludge or any 
other on-site transportation). paper plant established as part of the project 
activity, as well as any other on-site fuel combustion for the purposes of the 
project activity 

Leakage 461 

Leakage covers the emissions from land application of treated manure as well as the emissions related 462 
to anaerobic digestion in a digester, occurring outside the project boundary. These emissions are 463 
estimated as net of those released under project activity and those released in the baseline scenario. Net 464 
leakage of N2O and CH4 are only considered if they are positive.  465 

yADyCHByCHPyONByONPy LELELELELELE ,,4,,4,,2,,2, )()( +−+−=   (21) 466 

Where: 467 
yONPLE ,2,  = Are the Leakage N2O emissions released during project activity from land 

application of the treated manure in year y (tCO2e/yr) 
yONBLE ,2,  = Are the Leakage N2O emissions released during baseline scenario from land 

application of the treated manure in year y (tCO2e/yr) 
yj,FC,PE  = Are the Leakage CH4 emissions released during project activity from land 

application of the treated manure in year y (tCO2e/yr) 
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yCHBLE ,4,  = Are the Leakage CH4 emissions released during baseline scenario from land 
application of the treated manure in year y (tCO2e/yr) 

yADLE ,  = Leakage emissions associated with the anaerobic digester in year y (tCO2e) 

(i) Estimation of leakage N2O emissions released during baseline scenario from land application of the 468 
treated manure in year y 469 

The baseline case N2O emissions are estimated using the following equations: 470 

)(*
1000

1* ,,2,,2,,2,22,2, yvolONyrunoffONylandONNNONONyONB LELELECFGWPLE ++⋅= −    (22) 471 

( ) ∑∏
=

−=
LT

LTyLT

N

n
nNylandON NNEXREFLE **1* ,

1
,1,,2   (23) 472 

( ) ∑∏
=

−=
LT

LTyLT

N

n
nNleachyrunoffON NNEXRFEFLE **1** ,

1
,5,,2   (24) 473 

( ) ∑∏
=

−=
LT

LTyLTgasm

N

n
nNyvolON NNEXFREFLE ***1* ,

1
,4,,2   (25) 474 

Where: 475 
GWPN2O = Global Warming Potential (GWP) for N2O (tCO2e/tN2O) 

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

LEN2O,land,y = Leakage N2O emissions Direct nitrous oxide emission from application of 
manure waste in year y (Kg N2O-N/year) 

LEN2O,runoff,y = Leakage N2O emissions Nitrous oxide emission due to leaching and run-off in 
year y (Kg N2O-N/year) 

LEN2O,vol,y = Leakage N2O emissions due to volatilisation in year y (Kg N2O-N/year) 

Fgasm = Fraction of N lost due to volatilization (fraction) Fraction of animal manure N 
that volatizes as NH3 and NOX in kg NH3-N and NOX-N per kg of N, estimated 
with site-specific, regional or national data if such data is available.  Otherwise, 
default values from table 11.3, chapter 11, volume 4 of IPCC 2006 guidelines 
can be used 

NLT = Annual average number of animals of type LT estimated as per equation (5.a) or 
(5.b) (number) 

NEXLT = Annual average nitrogen excretion per head of a defined livestock population 
(kg N/animal/year) estimated as described in appendix 2 

EF1 = Emission factor for direct emission of N2O emissions from soils in N inputs 
(Kg N2O-N/kg N input) , estimated with site-specific, regional or national data if 
such data is available.  Otherwise, default values from table 11.1, chapter 11, 
volume 4 of IPCC 2006 guidelines can be used 

EF5 = Emission factor for indirect emission of N2O emissions from N leaching and 
runoff in (Kg N2O-N/kg N leached and runoff), estimated with site-specific, 
regional or national data if such data is available.  Otherwise, default values from 
table 11.3, chapter 11, volume 4 of IPCC 2006 guidelines can be used  

EF4 = Emission factor for N2O emissions from atmospheric deposition of N on soils 
and water surfaces, [kg N- N2O / (kg NH3-N + NOX-N volatilized)], estimated 
with site-specific, regional or national data if such data is available.  Otherwise, 
default values from table 11.3, chapter 11, volume 4 of IPCC 2006 guidelines 
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can be used 

Fleach = Fraction of all N added to/mineralised in managed soils in regions where 
leaching/runoff occurs that is lost through leaching and runoff (fraction) should 
be estimated with site-specific, regional or national data if such data is available.  
Otherwise, default values from table 11.3, chapter 11, volume 4 of IPCC 2006 
guidelines can be used 

RN,n = Nitrogen reduction factor (fraction) Fraction of NEX in manure waste that is 
reduced in the Baseline AWMS.  The relative reduction of nitrogen depends on 
the treatment technology and should be estimated in a conservative manner.  
Default values for different treatment technologies can be found in Annex 1 

(ii) Estimation of leakage N2O emissions released during project activity from land application of the 476 
treated manure in year y 477 

The project case N2O emissions are estimated using the following equations: 478 

)(*
1000

1
,,2,,2,,2,222, yvolONyrunoffONylandONNNONONONP LELELECFGWPLE ++⋅⋅= −    (26) 479 

( ) ∑∏ ⋅−=
= LT

LTyLT

N

n
nNylandON NNEXREFLE ,

1
,1,,2 *1*   (27) 480 

( ) ∑∏ ⋅−=
= LT

LTyLT

N

n
nNleachrunoffON NNEXRFEFLE ,

1
,5,2 *1**   (28) 481 

( ) ∑∏ ⋅−=
= LT

LTyLTgasm

N

n
nNvolON NNEXFREFLE ,

1
,4,2 **1*   (29) 482 

Where: 483 
GWPN2O = Global Warming Potential (GWP) for N2O (tCO2e/tN2O) 

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

LEN2O,land,y = Leakage N2O emissions Direct nitrous oxide emission from application of 
manure waste in year y (Kg N2O-N/year) 

LEN2O,runoff,y = Leakage N2O emissions Nitrous oxide emission due to leaching and run-off in 
year y (Kg N2O-N/year) 

LEN2O,vol,y = Leakage N2O emissions due to volatilisation in year y (Kg N2O-N/year) 

Fgasm = Fraction of N lost due to volatilization (fraction) Fraction of animal manure N 
that volatizes as NH3 and NOX in kg NH3-N and NOX-N per kg of N, estimated 
with site-specific, regional or national data if such data is available.  Otherwise, 
default values from table 11.3, chapter 11, volume 4 of IPCC 2006 guidelines 
can be used 

NLT = Annual average number of animals of type LT estimated as per equation (5.a) or 
(5.b) (number) 

NEXLT,y = Annual average nitrogen excretion per head of a defined livestock population in 
year y (kg N/animal/year) estimated as described in appendix 2 

EF1 = Emission factor for direct emission of N2O emissions from soils in N inputs (Kg 
N2O-N/kg N input) , estimated with site-specific, regional or national data if such 
data is available.  Otherwise, default values from table 11.1, chapter 11, volume 
4 of IPCC 2006 guidelines can be used 
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 484 
EF5 = Emission factor for indirect emission of N2O emissions from N leaching and 

runoff in (Kg N2O-N/kg N leached and runoff), estimated with site-specific, 
regional or national data if such data is available.  Otherwise, default values from 
table 11.3, chapter 11, volume 4 of IPCC 2006 guidelines can be used  

EF4 = Emission factor for N2O emissions from atmospheric deposition of N on soils 
and water surfaces, [kg N- N2O / (kg NH3-N + NOX-N volatilized)], estimated 
with site-specific, regional or national data if such data is available.  Otherwise, 
default values from table 11.3, chapter 11, volume 4 of IPCC 2006 guidelines 
can be used 

Fleach = Fraction of all N added to/mineralised in managed soils in regions where 
leaching/runoff occurs that is lost through leaching and runoff  (fraction) should 
be estimated with site-specific, regional or national data if such data is available.  
Otherwise, default values from table 11.3, chapter 11, volume 4 of IPCC 2006 
guidelines can be used 

RN,n = Nitrogen reduction factor (fraction) Fraction of NEX in manure waste that is 
reduced in the Baseline AWMS.  The relative reduction of nitrogen depends on 
the treatment technology and should be estimated in a conservative manner.  
Default values for different treatment technologies can be found in Annex 1 

It is possible to measure the quantity of manure applied to land in kg manure/yr (QDM) and the nitrogen 485 
concentration in kg N / kg manure (NDM) in the manure to estimate the total quantity of nitrogen applied 486 

to land.  In this case, ( ) ∑∏ ⋅−
= LT

LTyLT

N

n
nN NNEXR ,

1
, *1 in equations (28), (29) and (30) above should be 487 

substituted by QDM*NDM.  488 
 489 

(iii) Estimation of leakage CH4 emissions from land application of the treated manure disposal of 490 
treated manure  491 

The calculation of methane emissions from land application of manure in the baseline and project cases 492 
are estimated from equations (31) and (32), below: 493 

( ) ∑∏ ⎥
⎦

⎤
⎢
⎣

⎡
−=
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n
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N

n
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,
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1
,44,4, )%***(*1***  (31) 495 

Where: 496 
LEB,CH4,y = Leakage CH4 emissions released during baseline scenario from land application 

of the treated manure in year y Methane leakage emissions in the baseline 
(tCO2e/yr) 

LEP,CH4,y = Leakage CH4 emissions released during project activity from land application of 
the treated manure in year y Methane leakage emissions in the project case 
(tCO2e/yr) 

RVS,n = Fraction of volatile solid degraded in AWMS treatment method n of the N 
treatment steps prior to sludge being treated.  Values for Rvs should be taken 
from annex 1 

GWPCH4 = Global Warming Potential (GWP) of CH4 (tCO2e/tCH4) 
DCH4 = Density of CH4 (t/m3) (0.00067 t/m3 at room temperature (20 ºC) and 1 atm 

pressure) 
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B0,LT = Maximum methane producing potential of the volatile solid generated, in by 
animal type LT (m3CH4/kg_dm) 

NLT = Annual average number of animals of type LT estimated as per equation (5.a) or 
(5.b), expressed (number) 

VSLT,y = Annual volatile solid excretions for livestock LT entering all AWMS on a dry 
matter weight basis (kg-dm/animal/yr) 

MS%j = Fraction of manure handled in system j in the project activity (fraction) 
MCFd = Methane conversion factor (MCF) assumed to be equal to 1 

(iv) Estimation of leakage emissions associated with the anaerobic digester  497 

LEAD,y is determined using the tool �Project and leakage emissions from anaerobic digesters�. 498 

Emission reduction  499 

The emission reduction ERy by the project activity during a given year y is the difference between the 500 
baseline emissions (BEy) and the sum of project emissions (PEy) and Leakage, as follows: 501 

yyyy LEPEBEER −−=   (32) 502 

Further, in estimating emissions reduction for claiming certified emissions reductions, if the calculated 503 
CH4 baseline emissions from anaerobic lagoons are higher than the measured CH4 generated in the 504 
anaerobic digester in the project situation (QCH4,y in the tool �Project and leakage emissions from 505 
anaerobic digesters� this is calculated as product of biogas flow at the digester outlet and methane 506 
fraction in the biogas), then the latter shall be used to calculate the emissions reduction for claiming 507 
certified emissions reductions. Therefore, the actual methane captured from an anaerobic digester shall 508 
be compared to the (BECH4,y - PEAD,y in the tool �Project and leakage emissions from anaerobic 509 
digesters� PEAD,y - PEPL,y) and if found lower, then (BECH4,y - PEAD,y PEAD,y - PEPL,y) (which is a 510 
component of BEy -PEy )in equation (33) is replaced by QCH4,y .actual methane captured. 511 

Changes required for methodology implementation in 2nd and 3rd crediting periods 512 

At the start of the second and third crediting period for a project activity, the continued validity of the 513 
baseline scenario shall be assessed by applying the latest version of the tool �Assessment of the validity 514 
of the original/current baseline and update of the baseline at the renewal of the crediting period�. 515 

Data and parameters not monitored 516 

All data collected as part of not monitored parameters or monitoring should be archived electronically 517 
and be kept at least for two years after the end of the last crediting period. 518 

ID Number: 1 
Data/Parameter: RVS,n 
Data unit: Fraction 
Description: VS degradation factor Fraction of volatile solid degraded in AWMS treatment 

method n of the N treatment steps prior to waste being treated in an aerobic 
lagoon 

Source of data: Refer to appendix 1 (values for VS) 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: Estimated from Table provided in Annex 1.  The most conservative value for the 
given technology must be used 

 519 
 520 



UNFCCC/CCNUCC  
 
CDM � Executive Board ACM0010 / Version 06.0.0 

Sectoral scopes: 13 and 15 
EB 67 

 

26/53 

ID Number: 2 
Data/Parameter: EFN2O, D,j, EFN2O,ID,j 
Data unit: kg N2O-N/ kg N and kg N2O-N/ kg NH3-N and NOX-N 
Description: N2O emission factors (direct and indirect emissions) used in equation 14 and 15 

Direct N2O emission factor for the treatment system j of the manure management 
system 

Source of data: IPCC 2006 Guidelines 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 

Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: IPCC 2006 default values may be used, if country specific or region specific data 
are not available  

 521 
Data/Parameter: EFN2O,ID 
Data unit: kg N2O-N/ kg NH3-N and NOX-N 
Description: Indirect N2O emission factor for N2O emissions from atmospheric deposition of 

nitrogen on soils and water surfaces 
Source of data: 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 

Measurement 
procedures (if any): 

 

Any comment: --- 
 522 
ID Number: 3 
Data/Parameter: Fgasm FgasMS,j,LT  
Data unit: Fraction 
Description: Fraction of N lost due to volatilization Default values for nitrogen loss due to 

volatilisation of NH3 and NOX from manure management 
Source of data: IPCC 2006 Guidelines. Volume 4, Chapter 10 - Table 10.22 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: IPCC 2006 default values can be used 
 523 
Data/Parameter: Fgasm 
Data unit: Fraction 
Description: Fraction of N lost due to volatilization  
Source of data: Estimated with site-specific, regional or national data if such data is available.  

Otherwise, default values from table 11.3, chapter 11, volume 4 of IPCC 2006 
guidelines can be used 

Measurement 
procedures (if any): 

 

Any comment: IPCC 2006 default values can be used 
 524 
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 525 
ID Number: 4 
Data/Parameter: EF1, EF4, EF5 
Data unit: kg N2O-N/ kg N for EF1, EF5 and [kg N2O-N/ (kg NH3-N and NOX-N) for EF4 
Description: Emission factor for N2O emissions from N inputs; from N leaching and runoff; 

from atmospheric deposition of N on soils and water surfaces 
Source of data: Estimated with site-specific, regional or national data if such data is available. 

IPCC 2006 Guidelines 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: IPCC 2006 Guidelines default values may be used, if country specific or region 
specific data are not available. EF1 from table 11.1, chapter 11, volume 4. EF4 
and EF5 from table 11.3, chapter 11, volume 4 

 526 
ID Number: 5 
Data/Parameter: Fleach 
Data unit: Fraction 
Description: Fraction of N leached Fraction of all N added to/mineralised in managed soils in 

regions where leaching/runoff occurs that is lost through leaching and runoff 
Source of data: Estimated with site-specific, regional or national data if such data is available.  

Otherwise, default values from table 11.3, chapter 11, volume 4 of IPCC 2006 
guidelines can be used. IPCC 2006 default values can be used. 

Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment:  
 527 
ID Number: 6 
Parameter: CEFBl, therm,y 
Data unit: tCO2/MJ 
Description: Emission factor of baseline heat use 
Source of data: Refer to baseline methodology 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: Calculated as per procedure described in the baseline methodology 
 528 
ID Number: 7 
Parameter: EGBl,y 
Data unit: MWh 
Description: Electricity consumption by Baseline AWMS 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically for the duration of project plus 5 years 

Any comment: Estimation is based on three years data prior to start of the project.  Electricity 
meters will undergo maintenance/calibration subject to appropriate industry 
standards.  The accuracy of the meter readings will be verified by receipts issued 
by the purchasing power company.  Uncertainty of the meters to be obtained from 
the manufacturers.  This uncertainty to be included in a conservative manner 
while calculating CERs and procedure for doing so should be described in the 
CDM-PDD 

 529 
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 530 
ID Number: 8  
Parameter: ndy 
Data unit: Number 
Description: Number of days treatment plant was operational in year y 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronic for the duration of project plus 5 yrs 

Any comment: --- 
 531 
ID Number: 9 
Parameter: HGBL,y 
Data unit: MJ 
Description: Heat used by baseline AWMS 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronic for the duration of project plus 5 yrs 

Any comment: At start of project.  Fuel purchase records to be cross checked with estimates.  
Estimation is based on three years data prior to start of the project 

 532 
ID Number: 10 
Data/Parameter: MS%Bl,j 
Data unit: Fraction 
Description: Fraction of manure handled in system j in the baseline 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: --- 
 533 
ID Number: 11 
Data/Parameter: GWPCH4 
Data unit: tCO2e/tCH4 

Description: Global warming potential of CH4 
Source of data: IPCC 
Measurement 
procedures (if any): 

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

Any comment: --- 
 534 
ID Number: 12 
Data/Parameter: GWPN2O 
Data unit: tCO2e/tN2O 
Description: Global warming potential for N2O 
Source of data: IPCC 
Measurement 
procedures (if any): 

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

Any comment: --- 
 535 
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 536 
ID Number: 13 
Data/Parameter: DCH4 

Data unit: t/m3  
Description: Density of CH4 
Source of data: Technical literature 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: 0.00067 t/m3 at room temperature 20oC and 1 atm pressure 
 537 
ID Number: 14 
Data/Parameter: MCFd 

Data unit: --- 
Description: Methane conversion factor for leakage calculation assumed to be equal 1 
Source of data:  
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: --- 
 538 
ID Number: 15 
Parameter: CFN2O-N,N 

Data unit: ---  
Description: Conversion factor = 44/28 
Source of data: Technical literature 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: --- 
 539 
Data/Parameter: MCFj 

Data unit: --- 
Description: Methane conversion factor for the baseline AWMSj 
Source of data: IPCC 2006 table 10.17, chapter 10, volume 4 (see appendix 3) 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: • MCF values depend on the annual average temperature where the anaerobic 
manure treatment facility in the baseline existed. For average annual 
temperatures below 10 oC and above 5 oC, a linear interpolation should be 
used to estimate the MCF value at the specific temperature assuming an 
MCF value of 0 at an annual average of 5 oC. Future revisions to the IPCC 
Guidelines for National Greenhouse Gas Inventories should be taken into 
account; 

• A conservativeness factor should be applied by multiplying MCF values 
(estimated as per above bullet) with a value of 0.94, to account for the 20% 
uncertainty in the MCF values as reported by IPCC 2006 

 540 
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 541 
Data/Parameter: Wdefault 

Data unit: kg 
Description: Default average animal weight of a defined population 
Source of data: IPCC 2006 or US-EPA, which ever is lower.  
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Any comment: --- 
 542 
Data/Parameter: VSdefault 

Data unit: kg-dm/animal/day 
Description: Default value for the volatile solid excretion per day on a dry-matter basis for a 

defined livestock population 
Source of data: IPCC 2006 or US-EPA, which ever is lower 
Measurement 
procedures (if any): 

 

Any comment: --- 
 543 
Data/Parameter: Nretention 

Data unit: kg N retained/animal/yr 
Description: Portion of that N intake that is retained in the animal 
Source of data: Default values are reported in Table 10.20 in IPCC 2006 guidelines, volume 4, 

chapter 10 (Table 10.2) 
Measurement 
procedures (if any): 

 

Any comment: This parameter is used to estimate NEXLT,y in appendix 2 
 544 
Data/Parameter: NEXIPCCdefault 

Data unit: kg N/animal/year 
Description: Default value  for the nitrogen excretion per head of a defined livestock 

population 
Source of data: IPCC 2006 or US-EPA 
Measurement 
procedures (if any): 

 

Any comment: This parameter is used to estimate NEXLT,y in appendix 2 
 545 
Data/Parameter: RN 
Data unit: Fraction 
Description: Nitrogen degradation reduction factor 
Source of data: Refer to appendix 1 
Measurement 
procedures (if any): 

 

Any comment: Estimated from Table provided in appendix 1 (value for TN). The most 
conservative value for the given technology must be used 
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III.   MONITORING METHODOLOGY 546 

In this methodology, monitoring comprises several activities. 547 

The monitoring plan should include on site inspections for each individual farm included in the project 548 
boundary where the project activity is implemented for each verification period. 549 

Diagrammatic representation of animal waste management system existing on the project site prior to 550 
project implementation should be presented (an example is shown in Figure 2). 551 

Baseline emissions: 552 

• Diagrammatic representation of animal waste management system existing on the project site 553 
prior to project implementation; 554 

• Parameters MCF, Bo, and RVS for estimating methane emissions from AWMS in the baseline; 555 

• EFN2O and RN for estimating nitrogen emission from AWMS in the baseline; 556 

• Ambient temperature at the AWMS site; 557 

• Amount of electricity used for the operation of the AWMS in the baseline; 558 

• Amount of fossil fuel used for the operation of the AWMS in the baseline; 559 

• Biogas based electricity exported to the grid, needs to be monitored only if emissions 560 
reduction for electricity generation from biogas are claimed; 561 

• Data and parameters for estimating heat and electricity emission factors. 562 

Project emissions: 563 

• The livestock populations by different livestock types.  This includes the number of heads of 564 
each population and the average animal weight in each population,  565 

• Parameters MCF, Bo, and RVS for estimating methane emissions from AWMSs in the project 566 
case; 567 

• EFN2O and RN for estimating nitrogen emission from AWMS in the baseline; 568 

• The default volatile solid excretion values or other parameters required for estimating the 569 
volatile solids.  If dietary intake method is used, the feed intake of animals and its energy will 570 
be monitored; 571 

• Leakage from anaerobic digester, if used.  The default value is 15%, but in case project 572 
participants use a lower value, the appropriate measurement to support the lower value shall 573 
be monitored and reported; 574 

• The default nitrogen excretion per animal or parameters required to estimate nitrogen 575 
excretion.  If N intake method is used the amount of dry matter intake by livestock shall be 576 
monitored; 577 

• Amount of electricity used in the project case.  If electricity consumption is measured in the 578 
project, then project proponents may use the �Tool to calculate baseline, project and/or 579 
leakage emissions from electricity consumption�; 580 

• Fuel consumption for generation of heat used in the project case.  Calculated following the 581 
latest version of �Tool to calculate project or leakage CO2 emissions from fossil fuel 582 
combustion�; 583 
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• Flow of biogas to the flare, heat generation, and electricity generation.  In the case where 584 
biogas is just flared, one flow meter can be used provided that the meter used is calibrated 585 
periodically by an officially accredited entity; 586 

• Concentration of methane in biogas at outlet of anaerobic digester, this shall be measured on 587 
wet basis; 588 

• The parameters used for determining the project emissions from flaring of the residual gas 589 
stream in year y (PEflare,y) should be monitored as per the �Tool to determine project emissions 590 
from flaring gases containing Methane�; 591 

• Biogas leakage in project: through leaks in the pipeline during transportation of biogas. 592 

Leakage: 593 

• Nitrogen concentration and COD in waste water/sludge disposed outside the project boundary. 594 
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Figure 2:  Flow diagram and biogas flow measurement points of project activity 596 
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Data and parameters monitored 597 

Data / Parameter: MCF 
Data unit: Fraction 
Description: Methane correction factor 
Source of data: IPCC 2006 Guidelines 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: The factor MCF is taken from IPCC 2006 guidelines.  If annual average 

temperature is lower than 10 oC and higher than 5 oC, Annual MCF should be 
estimated using linear interpolation assuming MCF=0 at annual average 
temperature of 5 oC 

 598 
Data/Parameter: MCFsl 
Data unit: Fraction 
Description: Methane correction conversion factor (MCF) for the sludge stored in sludge 

pits 
Source of data: IPCC 2006 table 10.17, chapter 10, volume 4 (see appendix 3) IPCC 2006 

Guidelines 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: The factor MCF is taken from IPCC 2006 guidelines.  If annual average 

temperature is lower than 10 oC and higher than 5 oC, Annual MCF should be 
estimated using linear interpolation assuming MCF=0 at annual average 
temperature of 5 oC 
• For average annual temperatures below 10 oC and above 5 oC, a linear 

interpolation should be used to estimate the MCF value at the specific 
temperature assuming an MCF value of 0 at an annual average of 5 oC. 
Future revisions to the IPCC Guidelines for National Greenhouse Gas 
Inventories should be taken into account; 

• A conservativeness factor should be applied by multiplying MCF values 
(estimated as per above bullet) with a value of 0.94, to account for the 
20% uncertainty in the MCF values as reported by IPCC 2006  

 599 
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Data/Parameter: B0,LT 
Data unit: Fraction m3CH4/kg_dm 
Description: Maximum methane production producing potential of the volatile solid 

generated by animal type LT 
Source of data: 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. 

Developed countries B0,LT values can be used provided the following 
conditions are satisfied: 

• The genetic source of the production operations livestock originate 
from an Annex I Party; 

• The farm use formulated feed ratios (FFR) which are optimized for 
the various animal(s), stage of growth, category, weight 
gain/productivity and/or genetics; 

• The use of FFR can be validated (through on-farm record keeping, 
feed supplier, etc.); 

• The project specific animal weights are more similar to developed 
country IPCC default values. 

 
Directly measure B0,LT as per: 

• ISO 11734:1995; 
• ASTM E2170-01 (2008);and; 
• ASTM D 5210-92  

Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: The value is taken from published sources. The parameter value should be 

updatesd on latest available public data source 
 600 
Data / Parameter: VSLT,y 
Data unit: kg dry matter/animal/year 
Description: Volatile solid excretion per animal per day 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years  

Monitoring frequency: Annually, estimated or based on published information such as IPCC 
QA/QC procedures: --- 
Any comment: If it is required to use developed country VS values, the following should be 

monitored: - Genetic source of the production operations livestock originate 
from an Annex I Party; - The formulated feed rations (FFR).  If  equation 4 is 
used to estimate the value, VSdefault (kg-dm/animal/day, Default average animal 
weight of a defined population in kg from where the data on VSdefault is 
sourced (IPCC 2006 or US-EPA, which ever is lower) shall be recorded and 
archived . Further, when using equation 4, please refer to the guidance below 
for estimating Wsite.  

 601 
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Data / Parameter: CEFBl,elec,y 
Data unit: tCO2/MWh 
Description: Emission factor of baseline electricity use 
Source of data: Refer to baseline methodology 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: At start of project 
QA/QC procedures: --- 
Any comment: Calculated as per procedure described in the baseline methodology 
 602 
Data / Parameter: CEFgrid 
Data unit: tCO2/MWh 
Description: Emission factor of exported electricity  
Source of data: Refer to baseline methodology 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: Calculated as per procedure described in the baseline methodology 
 603 
Data / Parameter: LFAD 
Data unit: Fraction 
Description: Fraction of methane leakage from anaerobic digester 
Source of data: IPCC 2006 Guidelines 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: IPCC default of 0.15 or less if documented evidence can be provided (to be 

checked by DOE) 
 604 
Data / Parameter: RN,n 
Data unit: Fraction 
Description: Nitrogen degradation factor 
Source of data: Refer to Annex 1 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: Estimated from Table provided in Annex 1.  The most conservative value for 

the given technology must be used. 
 605 
Data/Parameter: Type 
Data unit: --- 
Description: Type of barn and AWMS 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency:  
QA/QC procedures: --- 
Any comment: Barn and AWMS layout and configuration 
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 606 
Data/Parameter: CP  
Data unit: % 
Description: Crude protein percent  
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: This parameter is used to estimate NEXLT,y in Appendix 2. 
 607 
Data/Parameter: GE  
Data unit: MJ/animal/day 
Description: Gross energy intake of the animal 
Source of data: Project proponents. Gross energy intake of the animal, in enteric model, based 

on digestible energy, milk production, pregnancy, current weight, mature 
weight, rate of weight gain, and IPCC constants. 

Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: This parameter is used to estimate NEXLT,y in Appendix 2. 
 608 
Data/Parameter: T 
Data unit: oC 
Description: Annual Average ambient temperature at Project site 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Monthly 
QA/QC procedures: --- 
Any comment: Used to select the annual MCF from IPCC 2006 guidelines 
 609 
Data / Parameter: EGd,y 
Data unit: MWh 
Description: Electricity exported to gridgenerated using biogas in year y 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annual 
QA/QC procedures: Electricity meters will undergo maintenance/calibration subject to appropriate 

industry standards.  The accuracy of the meter readings will be verified by 
receipts issued by the purchasing power company.  Uncertainty of the meters 
to be obtained from the manufacturers.  This uncertainty to be included in a 
conservative manner while calculating CERs and procedure for doing so 
should be described in the CDM-PDD 

Any comment: --- 
 610 
 611 
 612 
 613 
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Data / Parameter: Regulations 
Data unit: --- 
Description: Existence and enforcement of relevant regulation 
Source of data: Project proponents 
Measurement 
procedures (if any): 

--- 

Monitoring frequency: At start of crediting period 
QA/QC procedures: Quality control for the existence and enforcement of relevant regulations and 

incentives is beyond the bounds of the project activity.  Instead, the DOE will 
verify the evidence collected 

Any comment: --- 
 614 
Data/Parameter: Nda 
Data unit: Number 
Description: Number of days animal is alive in the farm in the year y 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Monthly 
QA/QC procedures: --- 
Any comment: The PDD should describe the system on monitoring the number of livestock 

population. of days the animal is alive in the farm.  The consistency between 
the value and indirect information (records of sales, records of food purchases) 
should be assessed. This parameter is used in option 1 to calculate NLT 

 615 
Data/Parameter: Np 
Data unit: Number 
Description: Number of animals produced annually of type LT for the year y 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Monthly 
QA/QC procedures: --- 
Any comment: The PDD should describe the system on monitoring the number of livestock 

population produced.  The consistency between the value and indirect 
information (records of sales, records of food purchases) should be assessed. 
This parameter is used in option 1 to calculate NLT 

 616 
Data/Parameter: Wsite 
Data unit: Kg 
Description: Average animal weight of a defined livestock population at the project site  
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Monthly 
QA/QC procedures: --- 
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 617 
Any comment: This parameter is used in equation 4 for estimating VSLT,y using option 3, and 

in equation 2 (Appendix 2) for estimating NEXLT,y when using IPCC 2006 
default values. Sampling procedures can be used to estimate this variable, 
taking into account the following guidance: 

• To ensure representativeness, each defined livestock population 
should be classified into a minimum of 3 age categories;  

• For each defined livestock population, a minimum of one monthly 
sample per age category should be taken; 

• When estimating baseline emissions and emissions released during 
baseline scenario from land application of the treated manure in the 
leakage section, the lower bound of the 95% confidence interval 
obtained from the sampling measurements should be used; 

• When estimating project emissions and emissions released during 
project activity from land application of the treated manure in the 
leakage section, the upper bound of the 95% confidence interval 
obtained from the sampling measurements should be used. 

The PDD should describe the system of random sampling taking into account 
stratification of each livestock population into a minimum of 3 weight 
categories as described above 

 618 
Data / Parameter: FAD 
Data unit: Fraction 
Description: Fraction of volatile solids directed to anaerobic digesters 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: --- 
 619 
Data/Parameter: FAer 
Data unit: Fraction 
Description: Fraction of volatile solids directed to aerobic treatment 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years  

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: --- 
 620 
Data/Parameter: Vf 
Data unit: m3 
Description: Biogas flow 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Continuously by flow meter and reported cumulatively on weekly basis 
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 621 
QA/QC procedures: Flow meters will undergo maintenance/calibration subject to appropriate 

industry standards. The frequency of calibration and control procedures would 
be different for each application.  This maintenance/calibration practice should 
be clearly stated in the CDM-PDD 

Any comment: The biogas flow will be measured at 4 points, as shown in the figure.  But if 
the project participants can demonstrate that leakage in distribution pipeline is 
zero, it need be measured at any three points. The biogas flow to electricity or 
heat equipment in a moment can be considered destroyed, by monitoring that 
the equipment was working at this time 

 622 
Data / Parameter: CCH4 
Data unit: Fraction 
Description: Methane fraction of biogas 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years.  Shall be measured on wet 
basis 

Monitoring frequency: To be decided by PPs 
QA/QC procedures: The project proponents shall define the variability of the concentration.  They 

shall also define the error in estimate for different level of measurement 
frequency.  The level of accuracy will be deducted from average concentration 
of measurement 

Any comment: The project proponents shall define the variability of the concentration.  They 
shall also define the error in estimate for different level of measurement 
frequency.  The level of accuracy will be deducted from average concentration 
of measurement 

 623 
Data / Parameter: PEflare,y 
Data unit: tCO2e 
Description: Project emissions from flaring of the residual gas stream in year y 
Source of data: --- 
Measurement 
procedures (if any): 

The parameters used for determining the project emissions from flaring of the 
residual gas stream in year y (PEflare,y) should be monitored as per the �Tool to 
determine project emissions from flaring gases containing Methane� 

Monitoring frequency: --- 
QA/QC procedures: The parameters used for determining the project emissions from flaring of the 

residual gas stream in year y (PEflare,y) should use the QA/QC procedures as 
per the �Tool to determine project emissions from flaring gases containing 
Methane� 

Any comment: --- 
 624 
Data / parameter: PEElec,y  
Data unit: tCO2 
Description: Emissions from consumption of electricity in the project case in year y. 
Source of data: Calculated as per the �Tool to calculate baseline, project and/or leakage 

emissions from electricity consumption�.  When using the tool PEElec,y = 
PEEC,y.  

Measurement 
procedures (if any): 

As per the �Tool to calculate baseline, project and/or leakage emissions from 
electricity consumption� 

Monitoring frequency: As per the �Tool to calculate baseline, project and/or leakage emissions from 
electricity consumption� 
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QA/QC procedures: As per the �Tool to calculate baseline, project and/or leakage emissions from 
electricity consumption� 

Any comment: --- 
 625 
Data / parameter: PEHEAT,j,y  
Data unit: tCO2e 
Description: Project emissions from fossil fuel combustion in process j during the year y 
Source of data: Calculated as per the �Tool to calculate project or leakage CO2 emissions from 

fossil fuel combustion�.  When using the tool PEheat,j,y  = PEFC,j,y .  
Measurement 
procedures (if any): 

As per the �Tool to calculate project or leakage CO2 emissions from fossil fuel 
combustion� 

Monitoring frequency: As per the �Tool to calculate project or leakage CO2 emissions from fossil fuel 
combustion� 

QA/QC procedures: As per the �Tool to calculate project or leakage CO2 emissions from fossil fuel 
combustion� 

Any comment: --- 
 626 
Data / Parameter: CPi,y  
Data unit: MW 
Description: Rated capacity of electrical equipment i used for project activity in year y 
Source of data: Equipment at site 
Measurement 
procedures (if any): 

--- 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: This parameter is used in case the electricity consumption is not measured  
 627 
Data/Parameter: NDM 
Data unit: kg N20-N/KG effluent 
Description: N concentration in disposed manure  
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Every batch disposed 
QA/QC procedures: --- 
Any comment: --- 
 628 
Data/Parameter: QDM 
Data unit: kg 
Description: Mass of manure disposed outside project boundary 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: Every batch disposed 
QA/QC procedures: --- 
Any comment: --- 
 629 
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 630 
Data/Parameter: MS%j 
Data unit: Fraction 
Description: Fraction of manure handled in system j in the project activity 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 yrs 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: --- 

 631 
Data/Parameter: NEXLT,y 
Data unit: kg N/animal/year 
Description: Annual average nitrogen excretion per head of a defined livestock population 

in kg N/animal/year estimated as described in appendix 2 
Source of data: Refer to appendix 2 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 yrs 

Monitoring frequency: Annually 
QA/QC procedures: --- 
Any comment: When using equation 2 in appendix 2, please refer to above guidance for 

estimating Wsite 
 632 

Data/Parameter: GELT 
Data unit: MJ/animal/day  
Description: Daily average gross energy intake in MJ/day 
Source of data: Project proponents 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 yrs 

Monitoring frequency: Daily 
QA/QC procedures: --- 
Any comment: --- 
 633 
Data/Parameter: DELT 
Data unit: % 
Description: Digestible energy of the feed in percent (IPCC 2006 defaults available) 
Source of data: --- 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 yrs 

Monitoring frequency: --- 
QA/QC procedures: --- 
Any comment: IPCC 2006: Typically 45-55% for low quality forages 
 634 
Data/Parameter: UE 
Data unit: Fraction of GELT 
Description: Urinary energy expressed as fraction of GELT 
Source of data: Typically 0.04GELT can be considered urinary energy excretion by most 

ruminants (reduce to 0.02 for ruminants fed with 85% or more grain in the diet 
or for swine).  Use country-specific values where available 

Measurement 
procedures (if any): 

Archive electronically during project plus 5 yrs 
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Monitoring frequency: --- 
QA/QC procedures: --- 
Any comment: --- 
 635 
Data / Parameter: ASH 
Data unit: Fraction of the dry matter feed intake 
Description: Ash content of the manure calculated as a fraction of the dry matter feed 

intake 
Source of data: Use country-specific values where available 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years 

Monitoring frequency: --- 
QA/QC procedures: --- 
Any comment: --- 
 636 
Data/Parameter: EDLT 
Data unit: MJ/kg 
Description: Energy density of the feed in MJ/kg fed to livestock type LT 
Source of data: Measured or IPCC default 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 years.  The project proponent will 
record the composition of the feed to enable the DOE to verify the energy 
density of the feed 

Monitoring frequency: --- 
QA/QC procedures: --- 
Any comment: IPCC notes the energy density of feed, ED, is typically 18.45 MJ/kg-dm, 

which is relatively constant across a wide variety of grain-based feeds 
 637 
Data/Parameter: NAA 
Data unit: --- 
Description: Daily stock of animals in the farm, discounting dead and discarded animals 
Source of data: Daily counting of alive animals in the farm, discounting dead animals and 

animals discarded from the productive process from the daily stock 
Measurement 
procedures (if any): 

Archive electronically during project plus 5 yrs 

Monitoring frequency: Daily 
QA/QC procedures: Project participant should provide a for the measurement in the PDD 
Any comment: The PDD should describe the system on for monitoring stock of animals 
 638 
Data/Parameter: ndy 
Data unit: Number 
Description: Number of days treatment plant was operational in year y 
Source of data: Project proponents 
Measurement 
procedures (if any): 

 

Monitoring frequency: Daily 
QA/QC procedures: --- 
Any comment: --- 
 639 
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 640 
Data/Parameter:  mEMQ ,  
Data unit:  m3/month 
Description:  Monthly volume of the effluent mix entering the central treatment plant 
Source of data:  Project proponents 
Measurement  
procedures (if any):  

 

Monitoring frequency: This parameter shall be continuously monitored 

QA/QC procedures: 
Flow meters will undergo maintenance/calibration subject to appropriate 
industry standards.  This maintenance/calibration practice should be clearly 
stated in the CDM-PDD 

Any comment: This parameter shall be monitored by continuous flow meters installed after 
the effluent admittance point or after the equalization tanks (if existent) 

 641 
Data/Parameter:  mEMN ,][  
Data unit:  kg N/m3 

Description:  Monthly total nitrogen concentration in the effluent mix entering the central 
treatment plant 

Source of data:  Project proponents 
Measurement  
procedures (if any):  

 

Monitoring frequency: Weekly aggregated for monthly average 

QA/QC procedures: 
Sample collection procedures shall be performed as described in appendix 5. 
Total nitrogen determination should be performed according to the guidance 
provided in appendix 4. 

Any comment: The effluent mix shall be collected after the effluent admittance point or after 
the equalization tanks (if existent) 

IV.   REFERENCES AND ANY OTHER INFORMATION 642 

Not applicable. 643 
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Appendix Annex 1:  Anaerobic Unit Process Performance 644 

645 
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Appendix Annex 2:  Procedure for estimating NEXLT,y 646 
 647 

Option 1: 648 
 (1) 649 

yretentionintakeyLT, nd*)N -(1 * N  NEX =  650 

Where: 651 
Nintake = Daily N intake per animal (kg N/animal/yr) 

Nretention = Portion of that N intake that is retained in the animal.  (Default values are reported 
in Table 10.20 in IPCC 2006 guidelines, volume 4, chapter 10) (kg N 
retained/animal/yr) 

ndy = Number of days treatment plant was operational in year y 

Nintake may be calculated using: ⎟
⎠
⎞

⎜
⎝
⎛

⎟
⎠
⎞

⎜
⎝
⎛=

6.25
CP/100 * 

18.45
GE  Nintake  (1.a) 652 

Where: 653 
CP = Crude protein percent (percent) 

GE = Gross energy intake of the animal, in enteric model, based on digestible energy, 
milk production, pregnancy, current weight, mature weight, rate of weight gain, 
and IPCC constants, (MJ/animal/day-) 

18.45  = Conversion factor for dietary GE per kg of dry matter (MJ/kg).  This value is 
relatively constant across a wide range of forage and grain-based feeds commonly 
consumed by livestock 

6.25 = Conversion from kg of dietary protein to kg of dietary N, kg feed protein (kg N)-1 

Option 2: 654 

In the absence of availability of project specific information on protein intake, which should be justified 655 
in the CDM-PDD, national or regional data should be used for the nitrogen excretion NEXLT,y, if 656 
available. In the absence of such data, default values from table 10.19 of the IPCC 2006, volume 4, 657 
chapter 10.) may be used and should be corrected for the animal weight at the project site in the 658 
following way: 659 

defaultIPCC
default

site
yLT NEX

W
WNEX ⋅=,  (2) 660 

Where: 661 
NEXLT,y = Annual average nitrogen excretion per head of a defined livestock 

population (kg N/animal/yr) 
Wsite = Average animal weight of a defined livestock population at the project site 

(kg) 
Wdefault = Default average animal weight of a defined population (kg) 
NEXIPCCdefault = Default value (IPCC 2006 or US-EPA) for the nitrogen excretion per head of 

a defined livestock population (kg N/animal/year) 
 662 
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Appendix Annex 3:  Table 10.17 of IPCC 2006 663 
 664 

 665 



UNFCCC/CCNUCC  
 
CDM � Executive Board                                                                                                   ACM0010 / Version 06.0.0 

Sectoral scopes: 13 and 15 
EB 67 

 

48/53 

 666 
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Appendix 4:  Determination of Total Nitrogen in animal waste 667 

Definitions 668 

• Ammoniacal nitrogen (total ammonia):  Both NH3 and NH4 nitrogen compounds; 669 

• Ammonia nitrogen:  A gaseous form of ammoniacal nitrogen; 670 

• Ammonium nitrogen:  The positively ionized (cation) form of ammoniacal nitrogen; 671 

• Total Kjeldahl nitrogen:  The sum of organic nitrogen and ammoniacal nitrogen; 672 

• Nitrate nitrogen:  The negatively ionized (anion) form of nitrogen that is highly mobile; 673 

• Total nitrogen:  The summation of nitrogen from all the various nitrogen compounds listed 674 
above. 675 

Principles and guidelines for Total Nitrogen Determination 676 

Total Kjeldahl nitrogen (TKN) can be an accurate predictor of total N content, because the inorganic N 677 
content in manure generally is very small when compared to the total N content (Paul and Beauchamp, 678 
1993; Eghball, 2000). 679 

Total Kjeldahl nitrogen is a wet oxidation procedure used to determine the organic N present as NH3 in 680 
soils, plants and organic residues, such as manure.  The three main steps of the Kjeldahl method are: 681 
(1) digestion, (2) separation of ammonia, and (3) determination of ammonia.  In some techniques the 682 
separation stage is omitted and the ammonia is determined directly on the digest.  Separation of 683 
ammonia may be effected by steam distillation, aeration, or diffusion, steam distillation being 684 
conventional.  With automated procedures this separation step is invariably omitted (Fleck, 1969). 685 

The determination of ammonia may be by: (1) simple titration, (2) iodometric methods, (3) coulometric 686 
methods or (4) colorimetric methods.  Without separation of ammonia from the digest simple titration 687 
cannot be utilized (Fleck, 1969). 688 

The remaining three techniques can, however, be applied directly to the digest. Iodometric and 689 
analogous methods have disadvantages (McKenzie & Wallace, 1954 APUD Fleck, 1969) and are not 690 
popular.  Coulometric methods are not widely applied.  Colorimetry remains as the only well-tried 691 
approach for automation (Fleck, 1969). 692 

The three popular colorimetric methods of NH3, determination are:  ninhydrin, Nessler, and the phenol-693 
hypochlorite or Berthelot reaction.  The ninhydrin method has been successfully applied following 694 
sealed-tube digestion (Jacobs, 1965 APUD Fleck, 1969).  The Nessler method, although excellent for 695 
simple aqueous ammonia solutions, is not advisable when ammonia is to be determined in Kjeldahl 696 
digestion mixtures (Fleck & Munro, 1965 APUD Fleck, 1969).  697 

The most important aspect of the Kjeldahl method is digestion, which may be carried out in an open 698 
tube or in a sealed tube.  The critical factors are: (I) temperature,(2)catalyst, (3) time, (4) reflux and 699 
(5) decomposition of the ammonia-catalyst complex.  The optimum temperature for sealed-tube 700 
digestion is in the region of 450ºC and the main advantage is that no catalyst or other additions are 701 
required. 702 

The more commonly utilized open-tube digestion requires a temperature close to 400°C for adequate 703 
decomposition of nitrogenous compounds to ammonia.  The evidence for this is clear (Bradstreet, 1965; 704 
Fleck & Munro, 1965 APUD Fleck, 1969), as is the evidence that the only satisfactory means of 705 
attaining this temperature is to add the appropriate amounts of K2SO4.  When the temperature exceeds 706 
400°C the digest solidifies on cooling (Bradstreet, 1957 APUD Fleck, 1969).  This is an important 707 
practical point because temperatures in excess of 400ºC lead to loss of nitrogen (as well as loss of acid 708 
which leads to the solid cold digest). 709 
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With regard to the catalyst, mercury is indicated as the only 'safe' catalyst, with which no losses have 710 
been reported (Bradstreet, 1965; Fleck & Munro, 1965APUD Fleck, 1969).  The disadvantage of 711 
mercury is that it forms a mercury-ammonium complex which must be decomposed before determining 712 
ammonia. This decomposition may be achieved by using sodium thiosulphate or zinc dust (Fleck, 713 
1969). 714 

The use of oxidizing can cause loss of nitrogen (Peters & Van Slyke, 1932).  There the use of such 715 
agents is not recommended for the purposes of the project activities employing this methodology. 716 

For manual determination PPs shall follow the protocol depicted below (adapted from Mendham 717 
et al., 2002): 718 

1 � Homogenize manure sample through intense agitation; 719 
2 � Before sample precipitates pipette a certain volume (a mL) which contains approximately 0.04 g of 720 
nitrogen (based on previous experience) and transfer it to a long-necked Kjeldahl digestion tube; 721 
3 � Add 0.7 g mercury oxide (II), 15 gof potassium sulfate and 40 mL of concentrated sulfuric acid; 722 
4 �Gently heat the digestion tube, keeping it slightly tilted. Frothing may occur. If needed frothing may 723 
be controlled through the use of anti-frothing agents; 724 
5 �Once frothing ceases, boil reagents during 2 hours; 725 
6 � After cooling add 200 mL of water and 25 mL of sodium thiosulphate solution (0.5 M). Perform 726 
this step under agitation; 727 
7 � Add a few glass beads to the mixture; 728 
8 �Carefully introduce in the digestion tube a sodium hydroxide solution (11 M).  Before mixing the 729 
reagents, connect the digestion tube to a distillation apparatus (see figure below).  Keep the outlet of the 730 
condenser immersed into a known volume of 0.1 M HCl solution. Be certain that the contents of the 731 
digestion tube are well mixed; 732 
9 �Boil until the 150 mL of the distilled liquid has been collected in the receptor tube; 733 
10 � Add indicator Methyl Red to the receptor tube. Titrate with 0.1 M NaCl (b mL).  Titrate a blank 734 
using the same volume of 0.1 M HCl (c mL). 735 

With the quantities and concentrations of reagents provided above, the nitrogen concentration in the 736 
sample (kg N/m3) is given as follows: 737 

310141.0)(][ ⋅
⋅⋅−

=
a

bcN  738 

 739 
Assembly of the Kjeldahl apparatus. 740 
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Appendix 5:  Guidance on sample extraction and statistical procedures 755 

For the purposes of the essays described in Appendix 2 and 3, project participants shall observe the 756 
following guidance on sample extraction procedure: 757 

1 � For liquid material, samples should be preferably collected using continuous-flow samples at the 758 
entrance or exit point of the pertinent treatment stage; 759 
2 - Samples should be collected in clean wide-mouth glass bottles; 760 
3 � Samples should be analysed as soon as possible. If samples need to be stored, storage shall be 761 
performed at 4ºC; 762 
4 - It should be checked that the suspended matter does not adhere to the walls, prior to the analysis 763 
procedure; 764 
5 � If results must be expressed in a dry matter basis, dry matter content shall be determined after oven-765 
drying at 103°C for 24 hours or until constant weight is obtained; 766 
6 - Uncertainty range shall not exceed 20% under a 90% confidence interval, which is calculated as 767 
depicted in the formula below: 768 

n
stx ⋅

±  769 

Where: 770 
x  Sample average; 771 
t  t student value for n� � 1 (v) degrees of freedom (see table 3); 772 
s  Sample standard deviation; 773 
n  Number of samples. 774 

Table 3:  Values for t-distributions with ν degrees of freedom for a range of one-sided 
confidence intervals 

ν 75% 80% 85% 90% 95% 97.5% 99% 99.5% 99.75%  99.9%  99.95% 
1 1.000 1.376 1.963 3.078 6.314 12.71 31.82 63.66 127.3  318.3  636.6 
2 0.816  1.061 1.386 1.886 2.920 4.303 6.965 9.925 14.09  22.33  31.60 
3 0.765  0.978  1.250 1.638 2.353 3.182 4.541 5.841 7.453 10.21  12.92 
4 0.741  0.941  1.190 1.533 2.132 2.776 3.747 4.604 5.598 7.173 8.610 
5 0.727  0.920  1.156 1.476 2.015 2.571 3.365 4.032 4.773 5.893 6.869 
6 0.718  0.906  1.134 1.440 1.943 2.447 3.143 3.707 4.317 5.208 5.959 
7 0.711  0.896  1.119 1.415 1.895 2.365 2.998 3.499 4.029 4.785 5.408 
8 0.706  0.889  1.108 1.397 1.860 2.306 2.896 3.355 3.833 4.501 5.041 
9 0.703  0.883  1.100 1.383 1.833 2.262 2.821 3.250 3.690 4.297 4.781 
10 0.700  0.879  1.093 1.372 1.812 2.228 2.764 3.169 3.581 4.144 4.587 
11 0.697  0.876  1.088 1.363 1.796 2.201 2.718 3.106 3.497 4.025 4.437 
12 0.695  0.873  1.083 1.356 1.782 2.179 2.681 3.055 3.428 3.930 4.318 
13 0.694  0.870  1.079 1.350 1.771 2.160 2.650 3.012 3.372 3.852 4.221 
14 0.692  0.868  1.076 1.345 1.761 2.145 2.624 2.977 3.326 3.787 4.140 
15 0.691  0.866  1.074 1.341 1.753 2.131 2.602 2.947 3.286 3.733 4.073 
16 0.690  0.865  1.071 1.337 1.746 2.120 2.583 2.921 3.252 3.686 4.015 
17 0.689  0.863  1.069 1.333 1.740 2.110 2.567 2.898 3.222 3.646 3.965 
18 0.688  0.862  1.067 1.330 1.734 2.101 2.552 2.878 3.197 3.610 3.922 
19 0.688  0.861  1.066 1.328 1.729 2.093 2.539 2.861 3.174 3.579 3.883 
20 0.687  0.860  1.064 1.325 1.725 2.086 2.528 2.845 3.153 3.552 3.850 
21 0.686  0.859  1.063 1.323 1.721 2.080 2.518 2.831 3.135 3.527 3.819 
22 0.686  0.858  1.061 1.321 1.717 2.074 2.508 2.819 3.119 3.505 3.792 
23 0.685  0.858  1.060 1.319 1.714 2.069 2.500 2.807 3.104 3.485 3.767 
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Table 3:  Values for t-distributions with ν degrees of freedom for a range of one-sided 
confidence intervals 

24 0.685  0.857  1.059 1.318 1.711 2.064 2.492 2.797 3.091 3.467 3.745 
25 0.684  0.856  1.058 1.316 1.708 2.060 2.485 2.787 3.078 3.450 3.725 
26 0.684  0.856  1.058 1.315 1.706 2.056 2.479 2.779 3.067 3.435 3.707 
27 0.684  0.855  1.057 1.314 1.703 2.052 2.473 2.771 3.057 3.421 3.690 
28 0.683  0.855  1.056 1.313 1.701 2.048 2.467 2.763 3.047 3.408 3.674 
29 0.683  0.854  1.055 1.311 1.699 2.045 2.462 2.756 3.038 3.396 3.659 
30 0.683  0.854  1.055 1.310 1.697 2.042 2.457 2.750 3.030 3.385 3.646 
40 0.681  0.851  1.050 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3.551 
50 0.679  0.849  1.047 1.299 1.676 2.009 2.403 2.678 2.937 3.261 3.496 
60 0.679  0.848  1.045 1.296 1.671 2.000 2.390 2.660 2.915 3.232 3.460 
80 0.678  0.846  1.043 1.292 1.664 1.990 2.374 2.639 2.887 3.195 3.416 

100 0.677  0.845  1.042 1.290 1.660 1.984 2.364 2.626 2.871 3.174 3.390 
120 0.677  0.845  1.041 1.289 1.658 1.980 2.358 2.617 2.860 3.160 3.373 
∞ 0.674  0.842  1.036 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291 

 775 
- - - - - - 776 
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History of the document 778 
Version Date Nature of Revision 
06.0.0 EB 67, Annex # 

11 May 2012 
• Adds reference to methodological tools; 
• Improves the clarity of the language and provides an additional option to 

estimate project N2O emissions. 
05 EB 42, Annex 8 

26 September 2008 
• Addition of sampling procedures to estimate the animal weight; 
• Equation 1 in Annex 2 was amended to keep unit consistency with 

equation 1a.  
04.1 EB 39, Paragraph 22 

16 May 2008 
�Tool to calculate baseline, project and/or leakage emissions from electricity 
consumption� replaces the withdrawn �Tool to calculate project emissions 
from electricity consumption�. 

04 EB 39, Annex 5 
16 May 2008 

• Inclusion of new formula to determine the annual average number of 
animals ( LTN ); 

• Reformat of the graphic in the monitoring section showing the points 
where the gas has to be measured. 

03 EB 35, Annex 9 
19 October 2007 

Incorporation to the methodology of the following tools: 
• Tool to calculate project or leakage CO2 emissions from fossil fuel 

combustion; 
• Tool to calculate project emissions from electricity consumption. 
Addition of the formula to determine the annual average number of animals 
( LTN ). 

02 EB 28, Annex 12 
15 December 2006 

• Inclusion of the �Tool to determine project emissions from flaring gases 
containing methane1�; 

• Replace of emissions Project emissions from flaring of the residual gas 
stream. 

01 EB 26, Annex 11 
29 September 2006 

Initial adoption. 
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