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Approved basgline methodology AM 0006
“GHG emission reductions from manure management systems’
Source

This methodology is based on the PDD “Methane capture and combustion of swine manure treatment
for Peralillo” whose baseline study, monitoring and verification plan and project design document were
prepared by Agricola Super Limitada. For more information regarding the proposal and its considera-
tion by the Executive Board please refer to case NM0022: “Methane capture and combustion of swine
manure treatment for Peralillo” on http://cdm.unfccc.int/methodologies/approved.

Selected approach from paragraph 48 of the CDM modalities and procedures

“Emissions from a technology that represents an economically attractive course of action, taking into
account barriers to investment”

Applicability

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

» The project context is represented by farms operating under a competitive market;

* The manure management system introduced as part of the project activity, as well as the manure
management system in the baseline scenario, must be in accordance with the regulatory framework
in the country;

» Livestock populations are managed under confined conditions. Barn systems and barn flushing
systems should neither be the baseline scenario nor the project activity;

» Livestock populations comprise only cattle, buffalo and/or swine;

* The manure management system introduced as part of the project activity, as well as the manure
management system in the baseline scenario, may consist of several stages of manure treatment, in-
cluding all options (or a combination of them) listed below in step 1 under “Additionality”, but ex-
cluding the discharge of manure into natural water resources (e.g. rivers or estuaries);

* The project activity does not lead to a significant increase of electricity consumption.

Additionality

In this methodology, the baseline scenario and additionality are determined in several steps. A finan-
cial analysis of several possible scenarios is conducted and legal, as well as other relevant circum-
stances and barriers for their implementation are assessed. The economically most attractive course of
action, taking into account barriers and local practices, is assumed as the baseline scenario. The project
activity is additional, if this analysis shows that the project is economically less attractive than the iden-
tified baseline scenario.

Step 1: List of possible baseline scenarios.

In the first step a list of possible baseline scenarios for manure management should be drawn up. A
manure management scenario can be composed of a combination of several manure treatment stages.
In doing so, the complete set of possible manure management systems listed in the 1996 Revised IPCC
Guidelines (Chapter 4, Table 4.8) and in the IPCC Good Practice Guidance and Uncertainty Manage-
ment (Chapter 4, Table 4.10 and 4.11) should be taken into account. These include the following op-
tions:
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* Solid Storage. Dung and urine are excreted in a stall. The solids (with or without litter) are col-
lected and stored in bulk for a long period of time (months) before any disposal, with or without
liquid runoff into a pit system.

* Dry lot. Indry climates animals may be kept on unpaved feedlots where the manure is allowed to
dry until it is periodically removed. Upon removal the manure may be spread on fields.

e Liquid/Slurry. Dung and urine are collected and transported in liquid state to tanks for storage.

The liquid may be stored for a long time (months) until it is applied to fields. To facilitate handling
as a liquid, water may be added.

* Anaerobic lagoon. Anaerobic lagoon systems are characterised by flush systems that use water to
transport manure to lagoons. The manure resides in the lagoon for periods from 30 days to over
200 days. The water from the lagoon may be recycled as flush water or used to irrigate and fertilise
fields.

* Pit storage below animal confinements. Liquid swine manure may be stored below animal con-
finements in a pit before disposal. The length of storage time varies, and for this analysis is divided
into two categories: Less than one month or greater than one month.

* Anaerobic digester. The dung and urine, in liquid or slurry form, are collected and anaerobically
digested. Methane from the digestion process may be flared, vented or combusted for energy gen-
eration.

* Deep litter. Cattle/swine dung and urine are excreted on stall floor. The accumulated waste is re-
moved after a long time. The length of storage time varies, and for this analysis is divided into two
categories: Less than one month or greater than one month.

* Composting. Dung and urine are collected, stacked and regularly turned for aeration (extensive
composting) or placed in a vessel or tunnel with forced aeration of the waste.

* Aecrobic treatment. Dung and urine are collected as a liquid. The waste undergoes forced aeration,
or is treated in aerobic pond or wetland systems to provide nitrification and denitrification.

In drawing up a list of possible scenarios, possible combinations of different Animal Waste Manage-
ment Systems (AWMS) should be taken into account.

Step 2: Identify plausible scenarios

In the second step, a number of plausible scenarios should be identified from the list of possible options

specified in step 1 above. The identified scenarios should at least include two scenarios, the project

scenario and one other scenario. In selecting the plausible scenarios, project participants should pro-

vide convincing justification for the exclusion of animal waste management systems as potential base-

line scenarios. The exclusion criteria are determined by:

* Legal constrains (the scenario must be in accordance with the regulatory framework of the coun-
try);

* Historical practice of manure management (e.g. in the company and region);

* Availability of waste treatment technology;

* Considerations of developments for manure management systems appropriate for the national con-
ditions, including technological innovations.

Step 3: Economic comparison

In the third step, the plausible scenarios identified in step 2 are compared economically. For each sce-
nario, all costs and economic benefits attributable to the waste management scenario should be illus-
trated in a transparent and complete manner, as in table 1 below.
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Table 1; Calculation of NPV and IRR

COSTSAND BENEFITS Year 1 |Year 2 |Yearn |Year n+l
Equipment costs (specify the equipment needed)
Installation costs

Maintenance costs

Other costs

(e.g. operation, consultancy, engineering, etc.)

Revenuesfrom the sale of electricity or other pro-
ject related products, when applicable

SUBTOTAL
TOTAL

NPV (US$) (specify discount rate)
IRR (%)

For each plausible scenario, the internal rate of return (IRR) and/or the net present value (NPV) should
be calculated. The calculation of the IRR must include investment costs, operation and maintenance
costs, as well as any other appropriate costs (engineering, consultancy, etc.), all revenues generated by
each manure management scenario, including revenue from the sale of electricity and cost savings due
to avoided electricity purchases, except revenues from the sale of CERs.

The IRR for the proposed project activity and all other scenarios should be calculated in a conservative
manner. To ensure this, assumptions and parameters for the project activity should be chosen in a con-
servative way (that they tend to lead to a lower IRR and NPV). For all other scenarios considered, as-
sumptions and parameters should be chosen in a way that they tend to lead to a higher IRR and NPV.
This conservative choice of parameters and assumptions should be ensured by obtaining expert opin-
ions and should be evaluated by the DOE as part of the validation of the project activity.

If the IRR cannot be calculated due to the existence of only negative flows in the financial analysis, the
comparison should be based on the NPV, stating explicitly the discount rate used. The baseline sce-
nario is identified as the economically most attractive course of action. This is the scenario with the
highest IRR, or where the IRR cannot be calculated, the highest NPV.

If the IRR of the project activity is clearly and significantly lower than the IRR of the identified base-
line scenario, the project is not an economically attractive course of action and can be considered as
additional. If IRR values cannot be calculated due to only negative flows in the financial analysis, this
comparison should be applied with the NPV, stating and justifying explicitly the discount rate used.
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Step 4: Assessment of barriers

Next to the economic comparison in step 3, project participants should conduct an assessment of barri-
ers. This assessment should reinforce the evidence of additionality from step 3 or provide additional
evidence for additionality when the results of the economic comparison (IRR or NPV of the baseline
scenario and the project scenario) are not significantly different. In this latter case, the barrier assess-
ment could demonstrate that a certain plausible scenario could be the most likely baseline scenario even
though it is not the most cost effective option. In this case, the project activity can be considered addi-
tional if the economic analysis in step 3 shows that IRR of the project is clearly and significantly lower
than the IRR of that baseline scenario that is determined clearly as most likely as a result of the barrier
analysis.

As part of the barrier assessment, project participants should analyze whether and why the technology
or technique of the project activity is not nationally and/or worldwide commonly used, due to different
types of barriers such as: investment barriers, technological barriers, barrier due to prevailing practice
or other barriers to implement the project activity technology or technique.

Project Activity and Baseline Scenario

The project activity consists of the implementation of an advanced manure management system that
leads to less GHG emissions than the manure management system that would be used in the absence of
the project activity. The appropriate baseline manure management system is identified above in the
section on additionality.

The methodology includes the following emission sources for the project and baseline manure man-

agement system:

*  Methane (CH,) emissions from the decomposition of manure under anaerobic conditions.

* Nitrous oxide (N,O) emissions during storage and handling of manure in the manure management
system.

The following emission sources are not considered in the project and baseline boundary:

* Nitrous oxide (N,O) emissions related to the application of treated manure to land (direct emissions,
emissions due to leaching and run-off) and nitrous oxide (N,O) emissions due to the volatilization
of nitrogen and the deposition of that nitrogen on land and water surfaces.';

e Methane (CH,) emissions from sludge deposition in the project manure management system, if the
sludge is accumulated or deposited under anaerobic conditions (these emission source is addressed
as leakage);

*  Changes of the electricity demand due to the project activity;

* CO, emissions from any combustion, flaring or oxidation of methane, as the CO, emissions are
considered to be from biogenic origins, that do not change carbon stocks.

Figure 1 below shows schematically the inclusion of emissions sources and gases considered in the pro-
ject boundary (key parameters used are described in the text).

' An accurate estimation of nitrous oxide emissions from these two sources is difficult. The 1996 Revised IPCC
Guidelines and the IPCC GPG estimate these emissions with the help of default emission factors that are inde-
pendent from the manure management system used. If this approach would be applied to this methodology, emis-
sions would only depend on the quantity of nitrogen excreted by the animals. However, the same nitrogen excre-
tion quantities should be used in the baseline and project scenario, as the quantity and type of manure production
is part of the project boundary. Therefore, a more sophisticated project-specific approach would need to be elabo-
rated to estimate these emission sources. As uncertainty of these emissions is very large, and as emissions are
assumed to be of similar quantity for the project and the baseline scenario, these sources are not considered in this
methodology.
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Figure1l: Project Boundary
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© = key parameters to be determined for the calculation of emissions

Emission Reductions

Greenhouse gas emissions included in the project boundary are calculated for the project and the base-
line manure management system separately, using the same methodological approach. Emission reduc-
tions result from the difference between project and baseline emissions. The methodology to calculate
emissions is based on approaches presented in the 1996 Revised IPCC Guidelines and in the IPCC
GPG 2000.

As illustrated in Figure 1 above, manure management systems may comprise several treatment stages.
Manure management systems considered under this methodology may comprise several treatment
stages and emissions should be determined for each treatment stage separately. The following steps are
required for the calculation of both, baseline and project emissions:

1. Identification of the project and the baseline manure management system following the guidance
under additionality above. Different treatment stages of the project activity should be clearly de-
scribed and their relation illustrated in a flow diagram.

2. Identification of the livestock populations Npuaion In the project site according to the categoriza-
tion of (sub-)populations in the 1996 Revised IPCC Guidelines and the IPCC GPG 2000.

3. Determination of the volatile solids (VS) and the nitrogen (NEX) excretion rates for each population.
Total volatile solids and nitrogen supplied to the manure management system are determined by the
excretion rates VS and NEX and the monitored livestock populations. Emissions of the project and
the baseline scenario are both calculated on the basis of the monitored total volatile solid and nitro-
gen quantities supplied to the manure management system.

4. Calculation of CH, and N,O emissions from manure management in the first treatment stage, by
applying appropriate emission factors to the quantity of volatile solids and nitrogen supplied to the
manure management system.
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5. In each treatment stage of the manure management system volatile solids and nitrogen loads are
reduced. To calculate emissions from the treatment stage considered, the quantity of volatile solids
and nitrogen supplied to the next treatment stage have to be determined. For this purpose two
methodological approaches may be followed:
Option A: Between each treatment stage of the manure waste management system the waste
flow F, the biochemical oxygen demand BOD, the temperature 7 and the nitrogen content N are
measured during monitoring. N,O and CH, emissions are then calculated by applying appro-
priate emission factors to the measured quantity of biochemical oxygen and nitrogen supplied
to the manure management system. This approach can only be applied to the project manure
management system, as it requires regular monitoring of these parameters, which is not possi-
ble for hypothetical baseline scenario.
Option B: The reduction of the volatile solids and nitrogen during a treatment stage is esti-
mated based on referenced data for different treatment types. Emissions from the next treat-
ment stage are then calculated following the approach outlined in step 3 and 4 above, but with
volatile solid and nitrogen quantities adjusted for the reduction from the previous treatment
stages. This approach can be applied to both the project and the baseline scenario.

Repetition of step 5 for any subsequent treatment stage.

7. Determination of CH4 emissions from the final disposal of treated manure, if such disposal occurs
under anaerobic conditions. Similarly to the two approaches in step 5, methane emissions estimates
may be based on the biochemical oxygen demand (BOD) in the treated manure and appropriate
emissions factors or on the remaining content of volatile solids in the treated manure.

&

Steps 1 to 7 should be applied to the manure management system of the project activity and to the ma-
nure management system that has been identified as the baseline scenario. Net emissions reductions
are the difference between emissions in the baseline and project manure management system.

This methodology involves considerable uncertainties in the estimates of emissions, as some key pa-
rameters are rather uncertain and often only default values are available. For this reason, parameters
should be chosen in a conservative manner, taking into account the local practices and the project con-
text. This refers in particular to methane conversion factors (MCF), maximum methane production ca-
pacities (B,), the volatile solid and nitrogen excretion rates (VS and N) and reduction rates for volatile
solids and nitrogen (Rys and Ry)>. The selection of parameters should be documented transparently in
the PDD and the DOE should validate conservativeness in their choice. Project participants may also
neglect an emission source, if this adds conservativeness.

The following sources should be used to calculate baseline emissions:

* 1996 Revised IPCC Guidelines, Chapter 4 of the Reference Manual

* IPCC Good Practice Guidance and Uncertainty management in National GHG Inventories,
Chapter 4

* US-EPA 2001: Development Document for the Proposed Revisions to the National Pollutant
Discharge Elimination System Regulation and the Effluent Guidelines for Concentrated Ani-
mal Feeding Operations, Chapter 8.2 (http://epa.gov/ost/guide/cafo/devdoc.html)

» Site-specific data, such as the average animal weight and number of animals.

Methane emissions from manure management

The main factors affecting methane emissions from manure management are the amount of manure that
is produced and the portion of manure that decomposes under anaerobic conditions. The type of ma-
nure management system used and the climate (primarily temperature) are the primary factors that de-

% In this context a conservative approach is to choose for the parameters MCF, B,, Rys and Ry values at the lower
end of the possible range for the baseline scenario and at the higher end of the possible range for the calculation of
project emissions. For the volatile solid and nitrogen rates (VS and N), conservative choices are values at the
lower end of the possible range.
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termine the extent of anaerobic decomposition that takes place. In some manure management systems,
methane emissions are reduced by constructing lids or caps for lagoons or tanks where manure is kept.
The recovered methane may also be flared or used as fuel in boiler, engines or turbines.

The approach to calculate CH, emissions from manure management follows the Tier 2 approach in the
1996 Revised IPCC Guidelines and the IPCC GPG 2000.

For the first treatment stage of the manure management system, CH, emissions are calculated following
the approach outlined in steps 3 and 4 above:

365

ECH4,mm,1,y =GWF, CH4 WCFl mcm G0 ZVS population EBo,popuzaﬁon Dvpopulati()n (1)
1000, zation

where:

Ectigmmiy Are the CH, emissions from manure management in the first treatment stage of a ma-
nure management system during the year y in tons of CO, equivalent.

GWPcpy Is the approved Global Warming Potential (GWP) of CH,.

MCF; Is the methane conversion factor (MCF) for treatment of manure in the first treatment
stage in per cent.

Dcyy Is the CH, density (0.67 kg/m® at room temperature (20 °C) and 1 atm pressure).

VSpoputation Is the volatile solid excretion per day on a dry-matter basis for a defined livestock popu-
lation in kg-dm/animal/day.

Bo poputation Is the maximum CH, production capacity from manure per animal for a defined live-
stock population m® CH,/kg-dm.

Nyoputation Is the livestock of a defined population.

Where the project includes different sub-populations, methane emissions from manure management
should be estimated separately for these sub-populations, according to Appendix B of Chapter 4.2 in
the Reference Manual of the 1996 Revised IPCC Guidelines. For the calculation of both, baseline and
project emissions, the monitored livestock of each defined population should be used.

In selecting appropriate values for the methane conversion factor MCF, the maximum methane produc-
tion capacity B, and the volatile solid excretion per animal VS, project participants should use site-
specific measured data or regional or national data, where such data is available or can be measured
with reasonable costs. Where site-specific data is not available or measured is very costly, conservative
default values shall be used following the guidance below.

The maximum methane production capacity B, varies by species and diet. Where default values are
used, they should be taken from Appendix B of Chapter 4.2 in the Reference Manual of the 1996 Re-
vised IPCC Guidelines, taking into account the site-specific characteristics. Where diets in the project
are more similar to diets in developed countries, appropriate default values from developed countries
may be selected.

Methane conversion factors (MCFs) define the portion of the methane production capacity By that is
achieved. The MCFs depend on the type of manure management system, the temperature of the stored
manure, the duration of storage and the handling practices of the system. Where default values are used,
they should be taken from Table 4.10 and Table 4.11 of the IPCC GPG 2000.

Volatile solids are the degradable organic material in livestock manure. Project participants should use
site-specific measured data for the volatile solid excretion rate VS, where such data can be measured
with reasonable costs. However, there may be circumstances when the VS values may need to be esti-
mated from regional, national or default values; for example, when the wastewater management system
has a discontinuous wastewater flow rate and when the wastewater management system has several
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inlets to the treatment process, therefore requiring high costs to measure flow rates. In such a case,
daily or weekly monitoring would need to be implemented, which is typically costly and often involves
operating problems, such as pump and flow meter obstruction (due to the high solids content in the
wastewater stream).

Where default values are used for the volatile solid excretion, they should be taken from Appendix B of
Chapter 4.2 in the Reference Manual of the 1996 Revised IPCC Guidelines. In the application of [IPCC
default values, it should be ensured that the definitions used by IPCC reflect appropriately the project
context.

Any default data used should be corrected for the animal weight at the project site in the following way,
assuming that the volatile solid excretion is proportional to the weight of the animal:

VS site = h |]/Sdefault (2)
Wdeﬁzu/t ‘

where:

VSiite Is the adjusted volatile solid excretion per day on a dry-matter basis for a defined livestock

population at the project site in kg-dm/animal/day.

Wiite Is the average animal weight of a defined population at the project site in kg.

Waefault Is the default average animal weight of a defined population in kg.

VSaefauis Is the default value (IPCC or US-EPA) for the volatile solid excretion per day on a dry-

matter basis for a defined livestock population in kg-dm/animal/day.

For second and subsequent treatment stages, methane emissions can be calculated with two different
approaches, corresponding to option A and B in step 5 above. Following option A, methane emissions
are calculated based on the measurement of the biochemical oxygen demand (BOD) and the quantity of
manure flowing to that treatment stage:

1

B—— €)
1,000,000

E =0.25[BOD,, , [F,, IMCF, [GWP,,,

CH 4,mm.i,y It,i,y

where:

Ectigmmiy Are the CH, emissions from manure management in the second or subsequent treatment
stage 1 of the project activity during the year y in tons of CO, equivalents.

BODy;, Is the average long-term biochemical oxygen demand of the manure flow to treatment
stage 1 during the year y in mg/I.

Fi, Is the manure flow to the treatment stage i during the year y in m’.

MCF; Is the methane conversion factor (MCF) for the treatment of manure in stage i in per cent.

GWPcyy Is the approved Global Warming Potential (GWP) of CH,.

Both, the biochemical oxygen demand BOD and the manure flow F between the treatment stages
should be monitored for the project manure management system. Usually, the five-day biochemical
oxygen demand BOD; is measured. The long-term biochemical oxygen demand can then be calculated
with the BOD; and the reaction constant & as follows:

BOD, @

BOD, =
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where:

BOD,,; Is the long term biochemical oxygen demand of the manure flow to treatment stage i in
mg/l.

BOD:s; Is the five-day biochemical oxygen demand of the manure flow to treatment stage i in
mg/1.

K Is the reaction constant for the biochemical oxygen demand.

The reaction constant can be assumed as approximately 0.1 for wastewater at 20°C (Metcalf & Eddy,
1991)°, but varies with the temperature. Values for the reaction constant k at different temperatures can
be calculated with the help of the Van’t Hoff-Arrhenius relationship, where 0 is 1.056 for temperatures
between 20 and 30°C, and 1.135 for temperatures between 4 and 20°C. Frequently a referential value
of 1.047 is used for wastewater in lukewarm conditions (Metcalf & Eddy, 1991).

ky = ke, B72) (5)
where:

kr Is the reaction constant for the biochemical oxygen demand at the temperature T.

ko Is the reaction constant for the biochemical oxygen demand at 20°C.

T Is the temperature of the manure flow to the treatment stage i in degree Celsius.

O Is a constant in the Van’t-Hoff-Arrhenius relationship.

Alternatively to equations 3, 4 and 5, methane emissions from second and subsequent treatment stages
can be calculated following option B outlined in step 5 above. In this case, methane emissions of sec-

ond or subsequent treatment stages are calculated on the basis of total volatile solids applied to the ma-
nure management system adjusted for volatile solid reductions in previous treatment stages:

- 365
ECH4,mm,i,y = GWPCH4 WCE |DCH4 I:Erl (1 - RVS,n ):| % D Z VSPOPulation |Bo,population Ijvpopulation

n=l population

(6)

Ectigmm,iy Are the CH, emissions from manure management in the first treatment stage of a manure
management system during the year y in tons of CO, equivalent.
GWPcyy Is the approved Global Warming Potential (GWP) of CH,.

MCF; Is the methane conversion factor (MCF) for the treatment of manure in stage i in per
cent.

Dcry Is the CH, density (0.67 kg/m’ at room temperature (20 °C) and 1 atm pressure).

Rys, Is the relative reduction of volatile solids in the treatment stage n in per cent.

VSpoputation Is the volatile solid excretion per day on a dry-matter basis for a defined livestock popu-
lation in kg-dm/animal/day.

Bo poputation Is the maximum CH, production capacity from manure per animal for a defined livestock
population m* CH,/kg-dm.
Nyoputation Is the livestock of a defined population.

The relative reduction of volatile solids depend on the treatment technology and should estimated in a
conservative manner. Default values for different treatment technologies can be found in Chapter 8.2

3 Metcalf and Eddy. Wastewater Engineering: Treatment, disposal, reuse. McGraw-Hill International Editions,
Civil Engineering Series. International Edition 1991.
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in US-EPA (2001). Equation 3 or equation 6 should be applied to the second and, where relevant, any
following treatment stages.

Finally, methane emission reductions due to changes in the manure management are calculated as the
differences between emissions in the baseline scenario and emissions in all stages of the project manure
management system:

ERCH4,mm,y = ECH4,mm,1,y,baseline - ECH4,mm,1,y,pr‘oject - Z ECH4,mm,i,y (7)
i

where:

ERctigmmy Are the CH, emission reductions due to the project activity during the year y in tons

of CO, equivalents.

Ectismm 1ypaseine  Are the CH4 emissions from manure management in the baseline scenario during the
year y, calculated with equation 1, in tons of CO, equivalents.

Ectigmm 1yprojec:  Are the CH4 emissions from manure management in first stage of the project manure
management system during the year y, calculated with equation 1, in tons of CO,
equivalents.

Ectigmm,iy Are the CH, emissions from manure management in the second or subsequent treat-
ment stage i of the project activity during the year y in tons of CO, equivalents.

Nitrous oxide emissions from manure management

Nitrous oxide (N,O) from manure management is produced from the combined nitrification-
denitrification process that occurs on the nitrogen in manure. The majority of nitrogen in manure is in
ammonia (NH;) form. Nitrification occurs aerobically and converts this ammonia into nitrate, while
denitrification occurs anaerobically, and converts the nitrate into N,O. Temperature, pH, biochemical
oxygen demand (BOD), and nitrogen concentration affect the N,O generation rate.

N,O emissions from manure management systems are calculated based on the approach in the 1996
Revised IPCC Guidelines and the IPCC GPG 2000.

Similarly, as in the case of CH4 emissions, the approach to calculate N,O emissions for the first stage of
manure treatment is different from approaches for subsequent stages. In the first stage of manure
treatment, direct N,O emissions from manure management are calculated by multiplying the amount of
N excretion for each defined livestock population by an emission factor for the type of manure man-
agement system:

1

ENzo,mm,l,y = GWPNzo |IFN20,mm,l |]:'F/vzo—/v,/v % U ZNEXpOpulati(m mpopulmion (8)
populations

where:

En20.mm 1,y Are the nitrous oxide emissions from the first stage of the manure management sys-
tems in tonnes of CO, equivalents per year.

GWPxz0 Is the approved Global Warming Potential (GWP) for N,O.

EFy0mm1 Is the N,O emission factor for the first treatment stage of the manure management
system in kg N,O-N/kg N (EF; in 1996 Revised IPCC Guidelines and IPCC GPG).

CFnzonN Is the conversion factor N,O-N to N (44/28).

NEX,oputation Is annual average nitrogen excretion per animal of the defined livestock population in
kg N/animal/year.

Nyoputation Is the livestock of a defined population.

10
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The N,O emission factor for the treatment of manure EFy0, ., should be estimated with site-specific,
regional or national data if such data is available. Otherwise, default values from Table 4.12 and Table
4.13 of the IPCC GPG 2000 may be used.

Similarly, site-specific, regional or national data should be used for the nitrogen excretion NEX if avail-
able. In the absence of such data, default values from Table 4.20 in the IPCC Guidelines (adjusted with
the factors in Table 4.14 of the [IPCC GPG for young animals) may be used and should be corrected for
the animal weight at the project site in the following way, assuming that the nitrogen excretion is pro-
portional to the weight of the animal:

NEXSite = h DVEXdefauh (9)
default ‘

where:

NEX, Is the adjusted annual average nitrogen excretion per head of a defined livestock

population in kg N/animal/year.

Wiite Is the average animal weight of a defined population at the project site in kg.

Waefault Is the default average animal weight of a defined population in kg.

NEX jefauir Is the default value (IPCC or US-EPA) for the nitrogen excretion per head of a

defined livestock population in kg N/animal/year.

For second and subsequent treatment stages, nitrous oxide emissions can be calculated with two differ-
ent approaches, corresponding to options A and B in step 5 above. Following option A, N,O emissions
are calculated based on measurements of the nitrogen content in the manure flowing to that treatment
stage:

ENZO,mm,i,y = GWPNZO II‘F‘NZO,mm,i m D? (10)

LYy LYy

where:

En20,mm,iy Are the N,O emissions from manure management in the second or subsequent treatment
stage 1 of the project activity during the year y in tons of CO, equivalents.

GWPxz0 Is the approved Global Warming Potential (GWP) for N,O.

EFv0mmi  Is the N,O emission factor for the treatment stage i1 of the manure management system in
kg N,O-N/kg N (EF; in 1996 Revised IPCC Guidelines and IPCC GPQG).

Ny Is the average nitrogen content in the manure flowing to the treatment stage i during the
year in kg N/m?.
Fi, Is the manure flow to the treatment stage i during the year y in m’.

Alternatively to equations 10, nitrous oxide emissions from second and subsequent treatment stages can
be calculated following the option B outlined in step 5 above. In this case, nitrous oxide emissions of
second or subsequent treatment stages are calculated on the basis of the nitrogen quantity applied to the
manure management system adjusted for nitrogen reductions in previous treatment stages:

i-1 1
ENZO,mm,l,y = GWPNZO II'}TNZO,mm,i ‘]:‘FNZO—N,N Eﬁl_l (1 _RN,n ):| % D ZNEXpopulation I:‘I\/vpzyz)ulal‘iort (1 1)
n=. populations
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where:

En20mm 1y Are the nitrous oxide emissions from the first stage of the manure management systems
in tonnes of CO, equivalents per year.

GWPy0 Is the approved Global Warming Potential (GWP) for N,O.

EFN0mmi Is the N,O emission factor for the treatment stage i of the manure management system

in kg N,O-N/kg N (EF; in 1996 Revised IPCC Guidelines and IPCC GPG).
CFnzonn Is the conversion factor N,O-N to N (44/28).

Rysn Is the relative reduction of nitrogen in the treatment stage n in per cent.

NEX,opuiaion  Is annual average nitrogen excretion per animal of the defined livestock population in
kg N/animal/year.

Nyoputation Is the livestock of a defined population.

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 Chapter 8.2
in US-EPA (2001).

Equation 10 or equation 11 should be applied to the second and, where relevant, any following treat-
ment stages.

Finally, N,O emission reductions due to changes in the manure management are calculated as the dif-
ferences between emissions in the baseline scenario and emissions in all stages of manure management
that are part of the project activity:

ERNZO,mm,y = ENZO,mm,base/ine - ENZO,mm,project - Z ENZO,mm,i,y (12)
where:
ERN20,mm,y Are the N,O emission reductions due to the project activity during the year y in tons of

CO; equivalents.

Enoommpaseine  Are the NoO emissions from manure management in the baseline scenario during the
year y, calculated with equation 1, in tons of CO, equivalents.

En20mmprojec: Are the N,O emissions from manure management in first stage of the project activity
during the year y, calculated with equation 1, in tons of CO, equivalents.

En20,mm,iy Are the N,O emissions from manure management in the second or subsequent treatment
stage i of the project activity during the year y in tons of CO, equivalents.

Total emission reductions
Total emission reductions of the project are the sum of CH, and N,O emission reductions, adjusted for
leakage effects:

ERy :ERCH4,mm,y +ERN20,mm,y _Ly (13)

where:

ER, Are the net emission reductions due to the project activity during the year y in tons of
CO; equivalents.

ER g mmy Are the CH, emission reductions due to the project activity during the year y in tons of
CO; equivalents.

ERN>0,mm,y Are the N,O emission reductions due to the project activity during the year y in tons of

CO; equivalents.
Are the leakage effects due to the project activity during the year y in tons of CO,
equivalents.

L

y
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Leakage

Leakage effects under this methodology comprise only methane emissions from the project activity due
to the disposal of treated manure (e.g. sludge) to the environment, if the treated manure is accumulated
or deposited under anaerobic conditions. For example, sludge from an aerobic treatment may be used
as fertiliser in land application programs or may be disposed on a controlled landfill, outside the project
boundaries. As a conservative approach, this emission source is not considered for the baseline sce-
nario.

The potential methane emissions depend mainly on the degradability of the treated manure. Similarly
to equation 3 above, the calculation of methane emissions is based on the biochemical oxygen demand
of the treated manure:

_ 1

Ly - GWPCH4 l:(l)25 I:BODtreated manure,y treated manure,y 1’000,000 (14)

where:

L, Are the leakage effects due to the project activity during the year y in tons of CO,
equivalents.

GWPcpy Is the approved Global Warming Potential (GWP) of CHy.

BOD,eqted manurey  1s the average long term biochemical oxygen demand of the treated manure during
the year y in mg/I1.

Fireated manure,y Is the annual quantity of treated manure that is deposited under anerobic conditions

during the year y in m’.

As a further conservative assumption, it is assumed in equation 14 that all degradable carbon in the
treated manure would be oxidized to methane (no methane conversion factor is considered).

Other sources of leakage effects (e.g. changes in other nitrous oxide emissions or changes in electricity
demand) are considered to be small compared to the emission reductions and are, therefore, not consid-
ered in this methodology. The project participant shall nevertheless provide an estimation of the possi-
ble changes in electricity demand in order to demonstrate that the project activity complies with the last
applicability condition of this methodology (i.e. the project activity does not lead to a significant in-
crease of electricity consumption).

13
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Approved monitoring methodology AM 0006
“GHG emission reductions from manure management systems’
Source

This methodology is based on the PDD “Methane capture and combustion of swine manure treatment
for Peralillo” whose baseline study, monitoring and verification plan and project design document were
prepared by Agricola Super Limitada. For more information regarding the proposal and its considera-
tion by the Executive Board please refer to case NM0022: “Methane capture and combustion of swine
manure treatment for Peralillo” on http://cdm.unfccc.int/methodologies/approved.

Applicability

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

* The project context is represented by farms operating under a competitive market;

* The manure management system introduced as part of the project activity, as well as the manure
management system in the baseline scenario, must be in accordance with the regulatory framework
in the country;

» Livestock populations are managed under confined conditions. Barn systems and barn flushing
systems should neither be the baseline scenario nor the project activity;

* Livestock populations comprise only cattle, buffalo and/or swine;

*  The manure management system introduced as part of the project activity, as well as the manure
management system in the baseline scenario, may consist of several stages of manure treatment, in-
cluding all options (or a combination of them) listed below in step 1 under “Additionality”, but ex-
cluding the discharge of manure into natural water resources (e.g. rivers or estuaries);

* The project activity does not lead to a significant increase of electricity consumption.

Monitoring M ethodology

In this methodology, monitoring comprises several activities. To determine the quantity of nitrogen

and volatile solids that are supplied to the manure management system, the following information

should be collected:

*  The livestock populations have to be monitored in accordance with [IPCC categories. This includes
the heads of each population and the average animal weight in each population;

* The volatile solid excretion and the nitrogen excretion per animal and day have to be determined.
Where site-specific data is used, regular monitoring is required. In case of regional or national data
or default data, values may need to be updated.

These monitored values should be used for the calculation of both baseline and project emissions.

The monitoring methodology for methane and nitrous oxide emissions depends on the approach fol-
lowed (option A or B in step 5 of approved baseline methodology AM00XX “GHG emission reduc-
tions from manure management systems”):

*  Where Option A is followed to determine emissions of the project activity, the biochemical oxygen
demand (BOD), the nitrogen content (N), the temperature (T) and the flow rate (F) of the manure
should be monitored between each treatment stage.

*  Where Option B is followed, no additional parameters need to be monitored.

14



..{‘i UNFCCC/CCNUCC UNFCCC ‘
: ~ v

CDM - Executive Board AMO006 / Version 01
Sectoral Scopes: 13 and 15
14 June 2004

In projects using anaerobic digesters, the biogas flow and the CO, concentration in that flow are moni-
tored to ensure proper functioning of the digester. However, these parameters are not directly used for
the calculation of emission reductions.

Finally, for the calculation of leakage emissions it is necessary to monitor the biochemical oxygen de-
mand (BOD) and the flow rate (F) of treated manure flows.

15
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Parameters to be monitored
Propor-| How will
M easured (m) : tionof | databe For how longis
nu:nDber .?;;2 va?izt\gle Bﬁf? calpulated (9] ﬁ?qc:gigg datq archived_? archived data Comment
estimated (e) moni- | (electronic/ kept?
tored paper)
1 number | Animal Popu- Heads measured weekly | 100% paper At least two years | To be collected for each
lation from completion | livestock population from
of authorisation 1996 Revised IPCC Guide-
period or last lines and IPCC GPG 2000.
CERs issued
2 mass Average kg measured Records of | 100% paper At least two years | To be collected for each
weight of entrance from completion | livestock population from
Animals and exit of of authorisation 1996 Revised IPCC Guide-
animals to period or last lines and IPCC GPG 2000.
the barn CERs issued
3 concen- | Volatile solid kg dry measured monthly | 100% paper At least two years | Monitoring of this data is
tration excretion per matter / from completion | only required if measured
animal and animal / of authorisation site-specific data is used.
day) day period or last
CERs issued To be collected for each
livestock population from
1996 Revised IPCC Guide-
lines and IPCC GPG 2000.
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Propor-| How will
Measured (m) . tion of data be For how longis
nu:*nDber .?3;2 va?ggle Bﬁf? cal_culated (© ﬁgﬂgﬁ'gg datg archived_? archived data Comment
estimated (e) moni- | (electronic/ kept?
tored paper)
4 concen- | Nitrogen ex- kg dry measured monthly | 100% paper At least two years | Monitoring of this data is
tration cretion per matter / from completion | only required if measured
animal and animal / of authorisation site-specific data is used.
day) day period or last
CERs issued To be collected for each
livestock population from
1996 Revised IPCC Guide-
lines and IPCC GPG 2000.
5 flow rate | Manure flow m’/day measured monthly | 100% paper At least two years | Only required for option A
between each from completion | in step 5 of the baseline
treatment stage of authorisation methodology. To be meas-
period or last ured between each treat-
CERs issued ment stage of the project
manure management sys-
tem.
6 concen- |5 days Bio- mg/1 measured monthly | 100% paper At least two years | Only required for option A
tration chemical Oxy- from completion | in step 5 of the baseline
gen Demand of authorisation methodology. To be meas-
(BOD) in ma- period or last ured between each treat-
nure between CERs issued ment stage of the project
each treatment manure management sys-
stage tem.
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Propor-| How will
Measured (m) . tion of data be For how longis
nu:*nDber .?3;2 va?iz:gle Bﬁf? caJ_cuIated (© Egc:gq'gg datg archived_? archived data Comment
estimated (e) moni- | (electronic/ kept?
tored paper)
7 concen- | Total nitrogen mg/1 measured monthly | 100% paper At least two years | Only required for option A
tration content in ma- from completion | in step 5 of the baseline
nure between of authorisation methodology. To be meas-
each treatment period or last ured between each treat-
stage CERs issued ment stage of the project
manure management sys-
tem.
8 cempera- | Temperature °C measured monthly | 100% paper At least two years | Only required for option A
ture of manure be- from completion | in step 5 of the baseline
tween each of authorisation methodology. To be meas-
treatment stage period or last ured between each treat-
CERs issued ment stage of the project
manure management sys-
tem.

9 flow rate |biogas flow SCFM/da measured Every 100% paper At least two years | Only applicable to project
extracted by y (stan- working from completion | activities including an an-
digester dard cubic day of authorisation aerobic digester.

feet me- period or last This parameter guarantees

ter/day) CERs issued the correct performance of
digester and gas recovery.
This parameter will verify
the correct anaerobic fer-
mentation process in the
baseline scenario (consid-
ering the effect of inhibi-
tors).

18



UNFCCC/CCNUCC

CDM - Executive Board AMO006 / Version 01
Sectoral Scopes: 13 and 15
14 June 2004

10 percen- | CO; concentra- % measured daily 100% paper At least two years | Only applicable to project
tile tion in gas from completion | activities including an an-
flow of authorisation aerobic digester.
period or last This parameter guarantees
CERs issued the correct performance of

digester and gas recovery.

Methane content of flare

11 percen- | flare efficiency % mand ¢ Semi- |n/a electronic | Duration of credit- <haust
tile annual, ing period eXnAUSt £as. .
monthly if Only applicable to project
unstable activities including an an-

aerobic digester.

This parameter guarantees
the correct performance of
digester and gas recovery.
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Leakage
, How will data ,
ID Data Data Data WEEELlEe) (i) Recording Proportion be archived? er h.OW o
number | Type variable unit calpulated © frequency el (_Jlata (electronic/ e EY el Sonme
estimated (e) monitored kept?
paper)

11 Flow rate | Flow of treated m’/day | measured monthly 100% paper At least two years | Only required if treated
manure that is from completion of | is deposited under an-
deposited under authorisation pe- aerobic conditions.
anaerobic condi- riod or last CERs
tions issued

12 Concen- |5 days Biochemi- |mg/l measured monthly 100% paper At least two years | Only required if treated

tration cal Oxygen De- from completion of | is deposited under an-
mand (BOD) in authorisation pe- aerobic conditions.
treated manure riod or last CERs
that is deposited issued
under anaerobic
conditions

13 Tempera- | Temperature in °C measured monthly 100% paper At least two years | Only required if treated
ture treated manure from completion of | is deposited under an-

that is deposited authorisation pe- aerobic conditions.
under anaerobic riod or last CERs
conditions issued
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Uncertainty Level of

Data Data AGOIOIT ieesslies Outline explanation how QA/QC procedures ar e planned
(High/Medium/L ow) planned for these data?
1 Low Yes QA/QC procedures are established.
2 Low Yes QA/QC procedures are established.
3 Medium Yes :})l/e\/c(gl(éulﬁcgicoih;;e: n?ir:s?;tlafel(i;&l;i;n:he parameter is particularly sensitive to
4 Medium Ves glé/c(gli lﬁzct)icoerih;rfees n?f:;g;?gg?;i;n:he parameter is particularly sensitive to
5 Low Yes QA/QC procedures are established.
6 Low Yes QA/QC procedures are established.
7 Low Yes QA/QC procedures are established.
8 Low Yes QA/QC procedures are established.
9 Low Yes QA/QC procedures are established.
10 Low Yes QA/QC procedures are established.
11 Low Yes QA/QC procedures are established.
12 Low Yes QA/QC procedures are established.
13 Low Yes QA/QC procedures are established.
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