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Introduction

The agriculture sector in Canada produces 7.2% of Canada’s GHG emissions with a total
contribution of 55,000 ktonne CO2eq (National Inventory Report, 2007). This is the second
largest Canadian contributor of GHGs following the energy sector which produces 82% of
Canada’s emissions. GHG emitting agricultural activities include manure management (methane
and nitrous oxide), enteric fermentation from livestock (methane), crop management (carbon
dioxide, nitrous oxide) and fertilizer application (nitrous oxide). From these activities several
proven techniques have emerged that reduce the amount of emissions produced.

Within this case study an anaerobic digestion system is implemented on a typical dairy farm.
Emission reductions are possible as a result of the collection and methanogenic digestion of
organic material. The anaerobic digester collects, decomposes and utilizes by-products of the
organic material, as opposed to these gases being released into the atmosphere. Waste
products, dead stock and various other organic materials are collected in this case study and
subsequently moved into the controlled digester area.

Anaerobic digestion is the microbial decomposition of organic matter in the absence of oxygen.
Anaerobic is defined as “without air”. Within the anaerobic digester, microbes break down organic
material producing both natural gas (methane) and carbon dioxide (CO3). The concentration and
volume of natural gas produced by anaerobic digestion is significant enough to be used for
heating or electricity production. By utilizing the gas produced from the anaerobic digester, a
farming operation may further reduce its dependence on grid sourced electrical supply. In
addition to producing useful gas by products, the microbes also significantly reduce the overall
volume of organic material, producing a nutrient rich slurry which may be further utilized for crop
fertilization.

These added benefits resulting from the installation of an anaerobic digestion system will justify
the capital investment, and will facilitate easy maintenance of the dairy operation.

Figure 1 illustrates the typical configuration of a dairy operation with capacity for an anaerobic
digestion facility. Screening and separation of material may be excluded if silt, sand and bedding
material are minimized in the digester feedstock.

144 © 2019 Canadian Standards Association June 2019
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Figure 1
Graphic Illustrating Typical Anaerobic Digester Facility (Burke, 2001)
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With climate change becoming a global crisis, the search for emission reduction projects and
methods for calculating carbon reductions is ever-increasing. Provincial and municipal
governments are now turning their attention to realistic and achievable projects that can produce
real results. Agriculture, being a significant source of GHG emissions, is seen as an industry with
great potential for achieving emission reductions. This increased attention has, in turn, increased
the potential revenue for farmers, as added revenue is now available through the sale of
reductions of GHGs. Further to the added financial benefits provided by GHG emission offsets,
electricity production resulting from the utilization of methane can greatly offset the livestock
operations electricity costs.

As this case study deals exclusively with the implementation of an anaerobic digester system, it
is important to define terms associated with this type of system. The following definitions were
extracted from the Draft Protocol. Within this case study digester definitions are adopted and
used from the Protocol findings.

Important Definitions and Terms

Agricultural Material: Agricultural material includes organic residues from the full life cycle of
agricultural production, including crop residues, livestock manures, silage, dead stock (special
handling applies), food processing by-products, etc. These materials may be produced at primary
production agricultural operations or agri-food processing facilities.

Anaerobic Digestion: An active and naturally occurring biological process where organic matter
is degraded by methanogenic bacteria to yield methane gas and mineralized organic nutrients.

Land Application: The beneficial use of the agricultural material and/or digestate applied to
cropland based upon crop needs and the composition of agricultural material as a source of soil
amendment and/or nutrition.

June 2019 © 2019 Canadian Standards Association 145
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Fugitive Emissions: Intentional and unintentional releases of GHGs from joints, seals, packing,
gaskets, etc. within the anaerobic digestion system, including all processing, piping and
treatment equipment.

Feedstock: Refers to the substance being collected as organic waste matter from the farming
operation (including manure, dead stock, bedding, etc.).

Digester Selection

There are a large number of digester configurations available, each with different positive and
negative aspects to their use. Overall, all digesters function to maximize the following objectives
(Burke, 2001):

1) Reduce the mass of solids

2) Reduce the odors associated with waste products

3) Produce clean effluent for recycle and irrigation

4) Concentrate the nutrients in a solid product for storage or export
5) Generate energy

Within this case study Smith’s Dairy has decided to implement a continuously stirred (‘completely
mixed reactor’) anaerobic digester. A diagram of a basic Completely Mixed Reactor (CMR) is
provided in Figure 2. CMRs function by operating a constant stirring arm and a sludge heating
system.

Figure 2:
Continuously Mixed Reactor (Burke, 2001)

Gas

146 © 2019 Canadian Standards Association June 2019
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By providing adequate temperature and mixing, conditions within the CMR are adjusted to reflect
maximum microbial growth while minimizing, if not eliminating, sludge particulate settling. This
results in significantly less down time for cleaning and maintenance, which is common in other
types of digesters. This digestion system does have slightly higher electricity requirements;
however, the increased electricity requirement will facilitate higher gas production, due to proper
mixing and heating, and will also further reduce maintenance, as mentioned. Overall a long-term
financial plan has indicated that the benefits received from this digester selection will substantiate
the increased operating costs. A ten year payback period is expected from this project.

This case study will follow the requirements and guidance outlined in the ISO 14064-2: 2019
GHG Standard for projects.

June 2019 © 2019 Canadian Standards Association 147
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General Requirements

Relevant GHG Schemes and Protocols

In this case study, the ISO 14064-2:2019 standard, the WRI/'WBCSD GHG Protocol for Projects
(December 2005) and the Draft Protocol are used as good practice guidance for identifying
sources, sinks and reservoirs (SSRs) for the project and baseline scenarios. They also served as
good practice guidance for quantifying, monitoring and reporting GHG emissions and emission
reductions. In identifying SSRs, a seven step procedure based on a streamlined Life Cycle
Assessment (LCA) technique was applied. Additional good practice guidance that was used is
outlined below.

A number of other organizations were consulted for guidance when completing this GHG case
study. Work completed by Environment Canada was able to provide some guidance, while similar
anaerobic digester projects were consulted for design aspects and published gas production
rates. As mentioned, the Draft Protocol was the primary reference document which was heavily
relied upon to provide expertise for the calculations within the following sections.

148 © 2019 Canadian Standards Association June 2019
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Project Description

Project Title, Purpose and Objectives

The project entitled “Emission Reductions from Anaerobic Digestion at Smith’s Dairy” is
being undertaken to reduce emissions of CH4 and CO; gases from the degradation of organic
material. Emission reductions will result from the capture and utilization of these gases which are
produced within the CMR. Reductions of CO2 and CH4 on the dairy farm and the increased
benefits of onsite electricity generation and heat production will benefit the overall operation of
the dairy farm. The greenhouse gases to be quantified in this project are primarily CO2and CHa.

The objective of this case study is to illustrate how Smith’s Dairy quantified and verified the GHG
emission reductions achieved through implementing an anaerobic digestion system. It is
assumed that these emission reductions could be subsequently sold to a company interested in
sourcing emission reductions (i.e., a regulated entity under a GHG program). This provides the
added benefit of producing further income for the dairy operator through the sale of offset credits.
The emission reductions achieved by Smith’s Dairy require verification on an annual basis before
the transaction of emission reductions can be completed. The verification process will be done in
accordance with ISO 14064-3 by an independent verification body.

Location of Project

The project is located near Fergus, a community within the Province of Ontario northwest of the
city of Guelph. The dairy farm is operated by the Smith family and their 270 tie-stall operation is
referred to as the Smith’s Dairy. Smith’s Dairy is presently managing 700 hectares (ha) of land
and 300 mature dairy cows, and has been in operation since 1970.

Conditions Prior to Project Initiation

Smith’s Dairy does not currently have an anaerobic digester on site. Their manure collection
process is comprised of typical screening and gravity separating with lagoon settlement and
subsequent land spreading (twice a year). Figure 3 illustrates Smith’s Dairy current system.

June 2019 © 2019 Canadian Standards Association 149
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Figure 3:
Current Manure Management at Smith’s Dairy (Burke, 2001)
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This will be the first year that Smith’s Dairy will be producing electricity from the by-products of
anaerobic digestion.

Currently there is no regulation in Ontario stipulating farmers must implement anaerobic digestion
for their organic waste management. Smith’s Dairy has identified this project as a means to help
protect the environment through the production of green energy, but also as a means to reduce
operating costs associated with managing their dairy farm.

Project Strategy to Reduce Emissions

It has been shown that there is significant energy potential contained within the organic matter
currently disposed of by Smith’s Dairy. Significant environmental and financial benefits could be
realized if this was managed properly. By collecting and digesting the manure produced on this
medium sized dairy farm, Smith’s Dairy will successfully offset their electricity needs by producing
100% of their required power. Excess electricity production, above and beyond Smith’s Dairy’s
requirement, is also possible, and selling this excess electricity to the local grid is a viable option
under the Ontario Power Authority Standard Offer Program (SOP).

Although the operation of this new natural gas electricity generator will produce GHG emissions,
the offsets resulting from the elimination of indirect electricity emissions will far exceed the small
direct emissions occurring directly on the farm. Furthermore, emissions from current manure
management will be reduced as the operating lagoon will become obsolete.

Smith’s Dairy also plans to partner with local farmers to provide them with an alternative means
of disposal of deadstock from their operations. Smith’s Dairy will utilize their digester for their own
deadstock; however, disposal of deadstock is not often necessary, considering their small
operation. By allowing local farmers to dispose of deadstock within the anaerobic digester,
Smith’s Dairy will be removing matter that would have otherwise been land filled. Thus, the
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equivalent amount of landfill gas savings will further add to Smith’s Dairy total of emission
reduction potential. Deadstock will be added to the digester after passing through a twister bucket
which will effectively reduce the size of the matter to 3 cm diameter pieces. These pieces will be
fed into the digester with use of a pump, so as to not open the digester cover and release the
contained gases. All deadstock approved for disposal at the Smith’s Dairy Digester will follow
local laws and criterion set out within the Dead Animal Disposal Act (DADA) (OMAFRA, 2007).
The transportation and disposal of dead stock will be conducted through a licensed dead stock
collector.

In summary, emission reductions will ultimately result from three processes: the closing of the
current lagoon, the elimination of indirect emissions associated with off-site electricity generation
and the diversion of waste that was previously sent to a landfill. The Draft Protocol outlines the
steps required to calculate emission reductions associated with the decreased grid electricity
use, manure management and landfill diversion of deadstock.

GHG Emission Reductions from the Project

GHG emission reductions will be first be quantified for the 2003 season (the year in which the
project was implemented) and will be quantified on a yearly basis thereafter. Overall, the
implementation of an anaerobic digester system will produce emission reductions from two main
sources: (1) closing of the manure lagoon and (2) offsetting grid-based electricity. Smith’s Dairy
will generate emission reductions by reducing methane emissions on-site, producing their own
electricity and eliminating reliance on the Provincial electricity. With implementation of manure
collection and digestion, Smith’s Dairy will eliminate the emissions resulting from their treatment
lagoon which will be closed.

The project is expected to generate a total of 279 tonnes of CO2e emission reductions during the
first year, assuming there are no releases of fugitive emissions resulting from unexpected gas
releases.

In subsequent years GHG emission reductions will continue to be quantified using this baseline
year as a basis for comparison. A period of 10 years was selected as an appropriate period for
claiming emission reductions as is it forecasted that by 2015 anaerobic digestion may become
standard practice for organic waste management on farms in Ontario.

Risks to the Project’s GHG Emission Reductions

The main factors that could potentially reduce the GHG emission reductions estimated for this
project include:

+ The implementation of new regulations by the Government of Ontario requiring the adoption of
digesters on all farming operations

» Anaerobic digestion becoming common practice in Ontario

» Decreasing GHG emission factors for the electricity generation sector. If grid-wide GHG
emission factors decrease for the province, there will be fewer indirect emission reductions
associated with the Smith Dairy Farm digester

» The mechanical breakdowns of the digester or holes forming in the digester cover
(subsequently resulting in aerobic digestion)
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« Cleaning of the digester by complete shutdown of the facility, resulting in emission releases as
the cover is removed and digestate is disposed of

Project Proponents and Relevant Stakeholders
Smith’s Dairy

289 Milk Lane, (519) 123-4568

N1G 1V1

Ontario, Canada

Stakeholder Consultations

This is a private initiative aimed at reducing operating costs and reducing effects on the
environment. No open consultations were conducted during this project; however, federal
scientists and experts involved in development of the Draft Protocol were consulted on particular
elements of the quantification methodology.

The above mentioned consultations with federal officials and leading experts from the Draft
Protocol development team were all documented. A list of individuals who were contacted and a
description of the data they provided is available upon request. These consultations were
conducted as a means of ensuring the methodology described within this case study is
appropriate for the Smith Dairy Farm. These consultations confirm that calculations contained
within this study are an accurate representation of the GHG emission reduction potential at
Smith’s Dairy.

Financial Analysis

Financial complications were assessed for both the baseline and project situations. The baseline
scenario’s “business as usual” case is considered to be sustainable for the foreseeable future. No
financial barriers have been identified which would impede the continuation of the current
baseline case.

A financial barrier analysis was also completed for the project case comparing the capital
investment needed for the development of the anaerobic digester facility to the baseline
financing. It was determined that the reduction in future operational costs will outweigh the initial
cost of construction of the project case within a 10 year period. This payback period is
determined to be substantial but manageable if emission reductions are obtained and used as a
financing source. Financial implications associated with the project case, moving from land
spreading to anaerobic digestion, will impose financial barriers which will be reduced through
obtaining revenue from the sale of emission reductions associated with the project.

With more complex or involved projects a full barrier analysis should be completed and illustrated
within the project documentation. The GHG Protocol Barrier Analysis Methodology (found at
www.ghgprotocol.org) is good practice guidance for this process.
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Methodology Description

Development Approach

Calculations outlined within the Draft Protocol will be followed throughout the emission
calculation section. Summary tables will be provided outlining the approach taken for each
calculation. Both the project and baseline emissions will be calculated separately, with the
resulting emission reduction potential indicated. Methane emissions from the baseline lagoon
operation (not quantified within the Draft Protocol) will be quantified and included within this case
study.

The calculations will follow the specified method for calculating emissions, as prescribed by the
ISO 14064-2: 2019 Standard. The correct method, as outlined within the ISO Standard is as
follows:

Emission Reduction = Emissions gaseline — EMISSIONS project

Within the Draft Protocol, Project and Baseline related emission sources are identified and
defined in the following manner. Where:

Emissions gaseline = EMISSIONS Feedstock Disposal + EMISSIONS incineration + EMISSIONS glectricity +
Emissions Thermal Heat + EMISSIONS Fuel Extraction / Processing + EMISSIONS Lagoon

Emissions project = EMISSIONS muttipie Sources + EMISSIONS pipeline Distribution and Usage + EMISSIONS Flaring
+ EmISsions venting

As expected, each of the identified sources, within both the project and baseline emission
calculation, has corresponding equations and definitions. Please refer to the Project and Baseline
descriptions for further development of these equations.

Chronological Plan

The ISO 14064-2: 2019 standard requires that a chronological plan be presented for the project
activities. Table 1 outlines and describes the project activities and their timing.
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Identifying GHG Sources, Sinks and Reservoirs
Relevant for the Project

Selection and Establishment of Criteria and Procedures

A review of applicable good practice guidance for criteria and procedures to identify Sources,
Sinks and Reservoirs (SSRs) relevant to the project included:

« WRI/WBCSD GHG Protocol for Projects, December 2005
+ 1SO 14064-2: 2019

» Draft Anaerobic Digestion Protocol

» Alternate data sources for Anaerobic Digestion Projects

» Agriculture and Agri-Food Canada

The procedure is a systematic approach meant to address the principles of accuracy,
consistency, completeness, transparency and relevance and therefore fulfills the requirements of
the ISO standard.

Other good practice guidance documents and procedures identified in this area were not
selected as reference material because of the lack of transparency and completeness associated
with their procedures. The seven steps in a streamlined lifecycle approach mentioned earlier
allow the identification of all relevant SSRs (e.g., transportation, installation, operation,
maintenance).

The following seven step procedure was utilized, along with the Draft Protocol, to ensure all
relevant sources, sinks and reservoirs associated with the project are identified:

1) Identify (potential) SSRs for the system that are controlled or owned by the project
proponent. Focus on the primary project activities (i.e., the direct SSRs that aim to provide
the main effect(s) on GHGs)

2) ldentify (potential) SSRs that are physically related to the direct project, trace products,
materials and energy inputs/outputs upstream and downstream to origins in natural
resources along the life cycle

3) Identify (potential) SSRs that are economically affected by the project. Consider the
economic and social consequences of the project (compared to the baseline), look for
activities, market effects and social changes that result from or are associated with the
project activity

4) For each identified SSR determine parameters required to estimate or measure GHGs. This
includes materials and energy inputs/outputs and information on activities, products and
services for the SSR

5) Select SSR scale by aggregating or disaggregating identified potential SSRs. The number of
SSRs defined and the degree of detail required is a function of the analysis at hand. This is
guided by availability of data, management of data collection and assurance of accurate

June 2019 © 2019 Canadian Standards Association 155

29



o ) 1SO 14064-3:2019
Participant Guide Greenhouse Gas Verification and Validation

GHG quantification. As a rule of thumb, more detailed (disaggregated) SSRs are appropriate
where it is known that:

The project system differs from the baseline system

Ore specific quantification is necessary

Data is readily available

Aggregated SSRs are sufficient where the project and baseline systems are identical

6) Determine the function(s) (products, goods and services) provided by the system of SSRs.
The whole system of SSRs may perform one or more functions, plus individual SSRs may
have specific functions. Ensure functional equivalence between the project and baseline

7) Confirm that:
— All SSRs are identified
Each SSR is classified appropriately as owned, related or affected

All GHG inputs and outputs for each SSR are identified

The sequence of SSRs for the system is correct

Repeat previous steps as necessary

Application of Procedure

By following the above steps and referencing good practice guidance, all the appropriate SSRs
associated with anaerobic digestion were identified. The SSRs that are controlled or directly
owned by the project are those elements whose operations are under the direct influence of the
project proponent, and they are often found on the project site. The related SSRs are the GHG
sources, sinks and reservoirs that have material or energy flows into, out of, or within the project.
These SSRs are generally found upstream or downstream from the project and also include
activities involved with the design, construction and decommissioning of the project. No affected
SSRs were identified for the project or baseline cases.

Upstream SSRs

Upstream SSRs involve material and energy flows associated with the production and distribution
of equipment and dairy inputs that are purchased from an off-farm source and are required for
manure management. These SSRs are considered related because they are not directly
controlled by the dairy producer or project proponent in dairy production.

Downstream SSRs

Downstream SSRs are associated with the end products of dairy production, specifically the
transportation and processing of dairy products and utilization of livestock feedstock, or human
food products. These downstream SSRs are considered related since they are not controlled by
the dairy producer or project proponent directly. For this case study these downstream SSRs are
not considered affected since they are not impacted by the project activity of anaerobic digestion.
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A summary of the identified Project-based SSRs is presented in Table 2, and flowcharts of these
SSRs are presented in and Figure 5. Note that within, the SSRs contained within the dashed box
are those directly controlled by Smith’s Dairy.
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Figure 4:
Simplified Project Flow Diagram (Draft Protocol, 2007)

afdesn
pue uonnquIsiq €
auladid £Td

“1 ||||||||||||||||||||||||||||||||||||

1

! dunuap 1zd A|_

]

I

i Buissanolgd
A015paay
£2d pue

8uuely ozd ‘61d '8Td ‘91d

H ‘STd ‘21d ‘96d

! ‘v8d ‘Ld ‘9d

S —— . v

uonedddy uonewodsuey] |, ades01s
puelyid Jaziusjolg  |° 21e15981g e6d
/21153810 £Td
|lesodsiq uoneuodsues|
e ITd | J1seM 0Td

9035pa a4 Sd

A

9015p334 vd

Sujuossiwwodaq ey it 44 Asan
e i uoneyodsues) 1120
AUSTEd 12n4 SZd
87d
wawdinb3 juawdinby \MMHMMMMM
Jo Bunsal 0gd Buiping £zd 1304 v2d
3)s uo e
UONINIISUO) wawdojarag >~_u_wmvwm_m, 724
62d 9Zd C
agdesos uoneuodsues) Suipuey

$2015paay4 €d

SuoISSIW3
anudng qgd

adesols
H20¥5pa24 Zd

4

uonINpold
}0015pa24 Td

uolnes iy dwis — Mo|4 ss3304d 13loud

June 2019

© 2019 Canadian Standards Association

158

32



Participant Guide

adesn uoneyodsues)
pue uonnqusiq uoned|ddy 19211194019 |esodsig uoneyodsuesy
auljadid £1d puel v1d /210159810 £1d ASeM TTd 2)5eM 0Td

323f04g bBuring syss wpassumoq

gure 5

Fi
Project Related SSRs (Draft Protocol, 2007)

jJuawdinb3
Jo 8u13sal 0€d
28ei03s 215 Uo
210359810 e6d uoRINISUL)
62d
Bunuap Tzd >
uIsSa2014
¥o015paa4 juawdinb3 jo
uoneyodsuesy
€zd pue
‘61d ‘8Td ‘9Td 8td
Suoissiwwodraqg Suuel4 0zd STd ‘Z1d '86d
S TEd V8d ‘Ld ‘9d
jJuawdinby
8uipiing £7d
SUOISSIWI a8ei03s
3 }203¥paad Sd
9ANIEN4 q8d 215 40
JuawdopPaaq
9Zd
23fo4d 13)y 3fo4d ai0fag
SYSS Wwpassumoq 323f04g Buring syss ais uo SYSS wpaaysdn
Aanpq \m.“_””uumumua adesn uoneyodsues)y Buypuey 28e1035 uonaNpold
19n4 SZd _un._u an_u Aou9)3 zzd A2035pa34 vd }203paai €d H2035paad Zd #2035paa4 Td

323f04d BurnQg syss woasisdn

Greenhouse Gas Verification and Validation

ISO 14064-3:2019

159

© 2019 Canadian Standards Association
33

June 2019



1SO 14064-3:2019

Participant Guide Greenhouse Gas Verification and Validation
Table 2:
Identified project SSRs (Draft Protocol, 2007)
Upstream SSRs During Project Operation
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
P1 Feedstock Feedstock may be produced either by the Related
Production animals based on the rations they are fed or
as other organic matter such as material
agriculture products.
P2 Feedstock Feedstock may be stored before handling and Related
Storage transportation.
P3 Feedstock Feedstock may be handled using a number of Related
Handling means.
P4 Feedstock Feedstock may be transported to the site for Related
Transportation storage.
P22 Electricity Usage | Electricity may be produced to meet the Related
electricity demand associated with the project.
P24 Fossil Fuel Fossil fuel used requires initial extraction and Related
Extraction / processing.
Processing
P25 Fossil Fuel Fossil fuel used on the farm has to be Related
Delivery transported to the site.
Table 3:
Identified project SSRs (Draft Protocol, 2007)
Onsite SSRs During Project Operation
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
P5 Feedstock Feedstock may be stored at the facility pending Controlled
Storage input to the digester.
P6, P7, P8a, P9b, | Feedstock may be processed and transported to Controlled
P12, P15, P16, the digester.
P18, P19 and P23
Feedstock Components of the feedstock may need to be Controlled
Processing processed to address Specific Risk Material (SRM)
requirements.
The digester requires energy for its operation. Controlled
The digestate may have the liquids and solids Controlled
separated as a means of preventing continued
(Continued)
160 © 2019 Canadian Standards Association June 2019

34



ISO 14064-3:2019

Greenhouse Gas Verification and Validation Participant Guide
Table 3: (Concluded)
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
biological activity associated with secondary
storage.
Digestate/biofertilizer will be produced. Controlled
Liquid from the digestate/biofertilizer production Controlled
may be treated or recycled.
Biogas may be processed and compressed to meet Controlled
pipeline specification.
Co-generation systems may convert the methane Controlled
gas into power. This system may be supplemented
by other fossil fuels.
Systems may be required to distribute the thermal Controlled
energy to neighbouring sites.
Thermal energy may be distributed to other facilities Controlled
or within the site.
P8b Fugitive The digester may have fugitive emissions from its Controlled
Emissions operation.
P9a Digestate The digestate may need to be stored after being Controlled
Storage removed from the digester.
P20 Flaring Biogas may be flared during operation. Controlled
P21 Venting Biogas may be vented during operation. Controlled
Table 4:
Identified project SSRs (Draft Protocol, 2007)
Downstream SSRs During Project Operation
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
P10 Waste Waste digestate and biofertilizer materials may be Related
Transportation transported to a disposal location.
P11 Waste Waste digestate solids and biofertilizer materials Related
Disposal may be disposed of.
P13 Digestate / Digestate/biofertilizer may be transported from the Related
Biofertilizer site.
Transportation
(Continued)
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Table 4: (Concluded)
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
P14 Land Digestate/biofertilizer may be applied to the land. Related
Application
P17 Pipeline Biogas may be shipped by pipeline and then utilized Related
Distribution and at another site.
Usage
Table 5:
Identified project SSRs (Draft Protocol, 2007)
Other
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
P26 Development | Site development may be required, which could Related
of Site include grading, construction of buildings, etc.
P27 Building Equipment may need to be fabricated. Related
Equipment
P28 Transportation | Equipment and supplies may need to be Related
of Equipment transported to the site.
P29 Construction Equipment may need to be assembled on site. Related
on Site
P30 Testing of Site testing may cause emissions. Related
Equipment
P31 Site Decommissioning of the site. Related
Decommissioning
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36



1SO 14064-3:2019 o '
Greenhouse Gas Verification and Validation Participant Guide

Determining the Baseline Scenario

The baseline scenario is the hypothetical reference case that best represents the conditions most
likely to occur in the absence of a proposed greenhouse gas project. The baseline scenario
identified for this project covers the manure processing used prior to the implementation of the
anaerobic digester. Looking at historic data, it was quickly observed that land spreading and
lagoon disposal were the two methods utilized prior to implementation of this project.

Relevant good practice guidance procedures and criteria used to identify and assess potential
baseline scenarios include:

« WRIWBCSD GHG Protocol for Projects, December 2005

+ 1SO 14064-2 2019

« Draft Anaerobic Digester Protocol

» Environment Canada, OMAFRA documents

+ CDM Tool

+ CDM Approved Methodologies

Procedure to Determine Baseline Scenario

The selected procedure and criteria is the project specific approach from the WBCSD/WRI GHG
Protocol for Projects.

The project specific approach from the GHG protocol outlines the following six steps in identifying
baseline candidates:

1) Define the product or service provided by the project activity
2) Identify possible types of baseline candidates

3) Define and justify the geographic area and the temporal range used to identify baseline
candidates

4) Define and justify any other criteria used to identify baseline candidates
5) Identify a final list of baseline candidates

6) Identify baseline candidates that are representative of common practice. In identifying the
baseline candidates that are of common practice, those baseline scenarios whose GHG
emissions are higher than those of common practice can be eliminated from the list of
potential baseline candidates

In order to appropriately select baseline candidates, the project activity must be clearly defined so
as to select baseline scenarios/candidates that provide the same level of product, activity, or
service. In this case, we are concerned with managing the entire amount of organic material
produced by the dairy operation as well as the previous treatment approaches for deadstock from
other farms. Table 3 lists potential baseline scenarios considering the project description, SSRs,
alternative project types, activities and technologies, data availability, reliability, limitations and
any other relevant information concerning present or future conditions.
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Table 6:
List of Baseline Candidates
PROJECT BASELINE CANDIDATES
ACTIVITY
Anaerobic » Historical benchmark (site-specific lagoon and land spreading
Digestion of treatment for manure as well as landfilling for deadstock)
organic material
(manure, + Performance Standard / Normalized Baseline (sector-wide treatment

deadstock, etc.)

approaches for manure and deadstock)

+ Comparison (maintaining site-specific manure and deadstock
treatment for a portion of the organic material in order to use as a
control for the project)

* Projection-based (expected future manure and deadstock treatment
conditions, based on market trends, economic and regulatory factors)

» Already registered (emissions profile from a baseline that has already
been approved by a GHG program or regulatory authority)

Justification of Baseline Scenario

To arrive at a final baseline candidate, each of the above proposed baselines were examined in
detail to determine their feasibility. The procedure for selecting the baseline scenario addresses
the principles of transparency, relevance, completeness, consistency and conservativeness, as
defined within the ISO 14064-2: 2019 Standard.

Based on the comparative assessment of decision making criteria, shown within Table 4 below,
the performance standard approach, was identified as the most appropriate baseline scenario
based on all the consulted good practice guidance.

164
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Table 7:
Comparative Assessment (Draft Protocol, 2007)

1. Baseline Options 2. Description 3. Static/ Dynamic Baseline | 4. Accept or Reject and Justify

Historic Benchmark Under this scenario Static Reject. The volumes of materials
historic disposal at the handled each year are subject to
farm would be used to changes because of market forces,
calculate the emissions weather, etc. Past emission trends
under the baseline would not be representative of
condition. future emission trends.

Maintaining a baseline based on a
historic data is not reasonable.

Performance Under this scenario Dynamic Accept. Operational parameters

Standard calculations would be such as material composition,
estimated based on the dimatology, etc., impact the
average industry performance standard. These have
emissions profile for the been evaluated and incorporated
disposal of organic into authoritative emission rates
material. from Environment Canada.

Comparison Under this scenario a Dynamic Reject. Maintaining a control
control volume of organic quantity of manure and deadstock
material would undergo that are treated in the previous
the baseline disposal manner would be resource and
practice as a means of data-intensive and costly. There
calculating the emissions are suitable models that could
under the baseline provide equivalent certainty for
condition. this type of data.

Projection Based Under this scenario the Dynamic Reject. This method will account
emissions from the for the market forces, weather and
disposal of an equivalent energy demand and operational
quantity of agricultural parameters without adding
material would be multiple streams of material
calculated using existing management. However, models
models covering the suitable to determine these
activities under the emissions will rely on the same
baseline condition. Environment Canada data as the

Performance Standard.

Already Registered Under this scenario the Unknown Not available at this time.
emissions would be
estimated based on other
baseline methodologies
registered with the GHG
Program.

Other 1 N/A N/A N/A

As indicated, the Draft Protocol suggests using a performance standard as the selected baseline
as it can account for all of the diverse factors incorporated within the baseline scenario. By
developing the baseline case using performance standards, the complex factors associated with
the pre-digester manure operation are accounted for through good practice guidance and
established authoritative scientific research.
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Noting that the standards for quantification were created by industry and governmental leaders,
credibility can be incorporated into the data by using these factors and this baseline approach.
The performance standard will still require historic data on animal populations, climatic factors,
etc., similar to the business as usual case, to properly determine the correct performance factors
to utilize.

Currently, Smith’s Dairy uses a combination of lagoons and land spreading to manage their
organic matter as their standard operating procedure. Deadstock is landfilled using appropriate
procedures consistent with the Dead Animal Disposal Act. As the performance standard is based
on business as usual data and noting that infrastructure is already in place within this baseline
scenario, no further requirements are foreseen as barriers to the baseline. It should be noted that
lagoon emissions are identified as significant at Smith’s Dairy and will be incorporated into this
baseline scenario.

Details of Accepted Baseline

By using the Performance Standard, Smith’s Dairy can easily determine their current GHG
footprint and corresponding reduction potentials using approved and standardized coefficients.
The details of this selected baseline methodology are adopted below by incorporating the Smith’s
Dairy business as usual information with performance-based emission factors.

Time Period for Baseline Calculations

Records of dairy operation should be obtained from the years leading up to the project activity,
selecting the most recent data available. In essence, the baseline year should be as accurate a
representation of a business as usual case as possible. Three years of dairy activity prior to the
project year (2001 - 2003) were ultimately selected to represent the baseline activity, due to
availability of reliable records and similarity of the farming activities to the project year. The data
for these specific years will be averaged and evaluated using the performance standard
approach. (300 head of dairy cattle is assumed to remain constant throughout the preceding
years).

Identifying GHG Sources, Sinks and Reservoirs for the
Baseline Scenario

The feasibility analysis performed above justifies the selection of a performance standard as the
baseline scenario from which emission reductions will be quantified.

The same 7-step procedure employed above for the project was used for identification of SSRs
for the baseline scenario. Due to the project and the baseline having similar processes, the
identified SSRs found for the project case apply to those of the baseline scenario. It should be
noted that, although the baseline and project SSRs are alike, changes in emission rates for key
parameters such as manure management do exist.

Figure 7 differentiates the SSRs by specific categories. Table 5 lists the SSRs for the Baseline
case, as identified by using the systematic approach meant to address the principles of
completeness, transparency and relevance and therefore fulfills the requirements of the ISO
standard.
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Simplified Baseline Flow Diagram (Draft Protocol, 2007)
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Figure 7
Identified Baseline SSRs (Draft Protocol, 2007)
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Table 8:
Baseline SSRs (Draft Protocol, 2007)
Upstream SSRs during Baseline Operation
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
B1 Feedstock Feedstock may have been produced by the animals | Related
Production based on the rations they are fed or as organic
matter such as agriculture products.
B2 Feedstock Feedstock may have been stored prior to handling | Related
Storage and transportation.
B3 Feedstock Feedstock may have been collected and handled Related
Handling using a number of means to facilitate
transportation.
B4 Feedstock Feedstock may have been transported from the Related
Transportation source to where it was land applied.
B12a Fossil Fuel Fossil fuel used may need to be extracted and Related
Extraction / processed.
Processing
(Onsite)
B12b Fossil fuel Biogas input to the pipeline offsets natural gas Related
Extraction / extraction, processing and combustion.
Processing /
Combustion
(Offsite)
B13 Fossil Fuel Fossil fuel used may need to be transported to site. | Related
Delivery
Table 9:
Baseline SSRs (Draft Protocol, 2007)
Onsite SSRs during Project Operation
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
B5 Synthetic Synthetic fertilizer may have been produced. Related
Fertilizer
Production
B10 Electricity Electricity may be produced net of parasitic energy | Related
Production requirements.
B11 Thermal Thermal energy may be produced to meet the Related
Energy Production | project demand.
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Table 10:
Baseline SSRs (Draft Protocol, 2007)
Downstream SSRs during Baseline Operation
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
B6 Synthetic Synthetic fertilizer may be transported from a Related
Fertilizer manufacturing or retail facility for land application.
Transportation
B7 Land Synthetic fertilizer and/or feedstock may have been | Related
Application applied to the land.
B8 Disposal in Feedstock may have been disposed of at landfill. Related
Landfill
B9 Incineration Feedstock may have been incinerated. Related
Table 11:
Baseline SSRs (Draft Protocol, 2007)
Others
SSR DESCRIPTION CONTROLLED,
RELATED OR
AFFECTED
B14 Development | The site may need to be developed, which could Related
of Site include grading, buildings, etc.
B15 Building Equipment may need to be fabricated off site. Related
Equipment
B16 Transportation | Equipment and supplies for the facility may need to | Related
of Equipment be transported to the site.
B17 Construction Equipment may need to be assembled on site. Related
on Site
B18 Testing of Fossil fuel use and other operations at the site Related
Equipment during testing may cause emissions.
B19 Site Decommissioning of the site. Related
Decommissioning
Detailed Description of Baseline SSRs
Please refer to Annex A for complete and detailed descriptions of all SSRs.
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Selecting Relevant GHG Sources, Sinks and
Reservoirs for Monitoring or Estimation of GHG
Emissions and Removals

Criteria and Procedures for Relevance of SSRs

There is limited good practice guidance available for the selection of relevant GHG SSRs that
can be used for the purposes of determining whether a particular SSR should be monitored or
estimated. Therefore, the following procedure was developed and is justified based on the GHG
quantification principles specified in ISO 14064-2 (relevance, conservativeness).

The procedure, illustrated in Figure 8, was applied to assess, in sequence, each identified SSR
determined to be relevant for the project and the selected baseline scenario to determine whether
the GHG SSRs would be monitored or estimated. In cases where a SSR is selected for
estimation rather than monitoring the rational for that decision is justified, allowing the
quantification to be faster and cheaper without compromising the credibility of the quantification
of GHG emission reductions.
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Figure 8:
Procedure for selection of SSRs relevant for GHG quantification

Is the SSR new
or changed from
the baseline
scenario to the
project?
Is data available Yes The project
or can the SSR be proponent shall
SSR is relevant to monitored cost- quantify the GHG
No Yes the quantification? effectively? (i.e. emissions and
benefit > cost) ¥ removals from
monitored SSRs.
Is the SSR
needed to
determine the
iy e s prpar s
estimate GHG emissions and
removals from the SSRs that
cannot be monitored cost-
effectively.
No

SSRis not relevant to the
quantification of GHG emission or
removal, therefore it can be excluded
unless the SSR is considered high risk
to the GHG assertion, in which case
the project proponent shall assess the
SSR for relevance during the project
period.

This Case Study includes descriptions of SSRs which are not quantified due to the lack of
applicability to the Smith’s Dairy operation (e.g., SSR related to Incineration; B9). However, other
farming operations may utilize technologies different than that of Smith’s Dairy, and all SSRs
should be re-considered on a case by case basis if this quantification method is used by those
farms.

Application of Criteria and Procedures

Provides a comparison of Project and Baseline SSRs and illustrates the findings from the
relevance test presented in Figure 8. In addition to the SSRs in the following table, certain SSRs
were eliminated from the quantification as no significant change in emissions is expected
between the baseline and the project activity.

172 © 2019 Canadian Standards Association June 2019
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Figure 9:
SSRs for Quantification (Draft Protocol, 2007)
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Quantifying GHG Emissions

GHG Quantification Procedure

In using the good practice guidance documents outlined above and following the Draft Protocol’s
suggested SSRs, six primary emission sources were identified as relevant for this project and
thus constituted the main differences between the Project and Baseline scenarios at Smith’s
Dairy. Incorporated into these SSRs is the quantification of emissions resulting from grid-based
electricity generation and baseline lagoon emission rates as well as landfill emissions from the
deadstock.

The following calculation sections contain the necessary calculation routines to estimate
emission reductions associated with the project activity. In most cases, these rely upon emission
factors developed by industry leaders and governmental research since for many of the identified
SSRs direct measurement is too costly and complex.

Emission Quantification Equations

The Draft Protocol provides extensive information and good practice guidance when determining
the emissions from the anaerobic digester operation. As stated earlier, their expertise is
acknowledged in this subject matter, and the methods proposed by this protocol are followed
through the calculation section of this case study.

Relevant SSRs required for Smith’s Dairy have been previously identified, and the following
calculation equations formulize their emission quantification.

Please refer to Annex B for full and complete descriptions of the following equations.
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Project Equations

P6, P7, P8a, P9b, P12, P15, P16, P18, P19 and P23 Feedstock

Processmg

Emissions muttiple Sources = (Vol. Biogas combusted * % CH4 * EF Biogas CHa) ; (Vol. Biogas
Combusted * % CHg * EF Biogas N2O) ;
> (Vol. Fuel i * EF Fuelico2) ; 3 (Vol. Fuel j * EF Fuel icna) ; 3 (Vol. Fuel i * EF Fuel in20)

where:

Vol. Biogas combusted = Volume of Biogas Combusted (metered in the project)

% CHa = Methane Composition in Biogas (measured in the project)

EF Biogas CHg = CHs Emissions Factor for Biogas

EF Biogas N>O = N20 Emissions Factor for Biogas

Vol Fuel i = Volume of Each Type of Fuel used to supplement the IC engine
(metered in the project)

EF Fuel ico2 = CO; Emissions Factor for Each Type of Fuel

EF Fuelicrs4 = CHas Emissions Factor for Each Type of Fuel

EF Fuel in2o = N20 Emissions Factor for Each Type of Fuel

P20 Flaring

Emissions Flaring = (VOI. Biogas Flared * % CH4* EF Biogas cna) ; (Vol. Biogas Flared * % CHg *

EF Biogas n20) ;
> (Vol. Fuel i * EF Fuelicoz) ; ¥ (Vol. Fuel j* EF Fuel icns) ; ¥ (Vol. Fuel ; * EF Fuel in20)
where:
Vol. Biogas = Volume of Biogas Flared (metered in the project)
Flared
% CHg = Methane Composition in Biogas (measured in the project)
EF Biogas cn4 = CHg4 Emissions Factor for Biogas

EF Biogas n2o = N20 Emissions Factor for Biogas

Vol Fuel i = Volume of Each Type of Fuel used to Supplement Flare (metered in the
project)

EF Fuelico2 = COz Emissions Factor for Each Type of Fuel

EF FuelicHa = CHs Emissions Factor for Each Type of Fuel

EF Fuelinzo = N20 Emissions Factor for Each Type of Fuel
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P21 Venting
Emissions venting = (Max. Storage Vol. vessel + Flow Biogas vessel * TIMe venting) * % CHg
where:
Max. Storage Vol. vesset = Maximum volume of biogas stored in Vessel at Steady State
Flow Biogas vessel = Flow Rate of Biogas at Steady State
Time venting = Time that vessel is venting
% CHgy = Methane Composition in Biogas

Baseline Equations

B8 Disposal at Landfill

Emissions reedstock Disposal = (Mass Feedstock Landfil * MCF * DOC * DOCg * F * 16/12 - R) * (1- OX)

where:

ﬂfﬁﬁ’ Feedstock = Mass of Feedstock to Landfill (monitored in project)
MCF = Methane Correction Factor

DOC = Degradable Organic Carbon

DOCEe = Fraction of Degradable Organic Carbon Dissimilated
F = Fraction of CH4 in Off gas from Disposal Site

R = Recovered CHa at Disposal Site

OX = Oxidation Factor

B10 Electricity Production

Emissions glectricity = Electricity * EF giec

where:

Electricity = Electricity Produced net of Parasitic energy requirements (monitored in
project)

EF glec = Region-Specific Emissions Factor for Electricity
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B11 Thermal Energy Produced

Emissions themaiHeat = 2 (Vol. Fuel i * EF Fuel icoz) ; 3 (Vol. Fuel i * EF Fuel icns) ; Y (Vol. Fuel
* EF Fuel in20)

where:

Vol Fuel i = Volume of Each Type of Fuel used for production of thermal energy

EF Fuel ico2 = CO2 Emissions Factor for Each Type of Fuel

EF Fuelicha = CH4 Emissions Factor for Each Type of Fuel

EF Fuel in2o = N20 Emissions Factor for Each Type of Fuel
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Calculations

Taking the preceding quantification information as good practice guidance, the resulting
calculations and Project-related SSRs as well as the Baseline SSRs have been tabulated (refer
to tables 16-23). A summary table of all Project and Baseline emissions is provided as Table 24.

The dairy data comes from the previously mentioned 270 tie-stall dairy operation with 300 head
of dairy cattle producing organic matter.

Quantification of P6-P8a, P9b, P12, Plz?ll)’lleG,li’.lS, P19 and P23 Feedstock Processing
VOLUME OF FUEL | BIOGAS (M3) | DIESEL NATURAL | GASO- OTHER
(LITERS) GAS (M3) LINE TYPE
(LITRES)
January 26,150 1,674 - - -
February 23,625 1.511 = = =
March 26,150 1,674 - - -
April 25,300 1,620 = F =
May 26,150 1,674 - - -
June 25,300 1,620 : = =
July 26,150 1,674 - - -
August 26,150 1,674 - - -
September 25,300 1,620 - - -
October 26,150 1,674 - - -
November 25,300 1,620 E = =
December 26,150 1,674 = = =
Total 307,875 19,712 = B -
Table 17:

Quantification of P20 Flaring

VOLUME OF FUEL BIOGAS FLARED (M3) | NATURAL GAS USED IN
FLARE (M3)
January 20 B
February 20 =
March 20 -
(Continued)
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Table 17: (Concluded)

VOLUME OF FUEL BIOGAS FLARED (M3) | NATURAL GAS USED IN
FLARE (M3)
April 20 -
May 20 -
June 20 -
July 20 -
August 20 -
September 20 -
October 20 -
November 20 -
December 20 -
Total 240 -
Emissions Factor (CO,) -kg CO2 perm3 1.891 kg CO2 per m3
Emissions Factor (CHy) 0.00049 0.00049 kg CH4 per m3
Emissions Factor (N20) 0.000049 0.000049
Emissions (CO») = -
Emissions (CHy) 0.1176 -
Emissions (N20) 0.01176 -
Global Warming Potential (CHa) 21 21
Global Warming Potential (N20) 310 310
Greenhouse Gas Emissions 6.12 -
Total Greenhouse Gas Emissions 6.12 kg COze
June 2019 © 2019 Canadian Standards Association 187

61



1SO 14064-3:2019

Participant Guide Greenhouse Gas Verification and Validation
Table 18:
Quantification of P21 Venting
EVENT MAXIMUM FLOW RATE TIME OF METHANE | VOLUME OF
DATES STORAGE OF BIOGAS VENTING CONTENT METHANE
VOLUME OF AT STEADY OF VENTED
BIOGAS IN STATE BIOGAS
VESSEL AT
STEADY
STATE
1 10 m3 10 m3/ hr 2 Hours 55% 11 m3
2 10 m3 10 m3/hr 2 Hours 55% 11 m3
3 10m3 10 m3/ hr 2 Hours 55% 11 m3
4 10 m3 10 m3/ hr 2 Hours 55% 11 m3
5 10 m3 10 m3/ hr 2 Hours 55% 11 m3
6 10 m3 10 m3/ hr 2 Hours 55% 11 m3
Table 19:
Quantification of P21 Venting
TOTAL VOLUME OF METHANE 66 M3
VENTED
Methane Density 0.668 kg CH4 per m3
Mass of Methane Vented 44 kg CHgy
Global Warming Potential (CHs) 21 kg CO2e per m3 of CHg
Total Greenhouse Gas 924 kg CO2e
Emissions
Table 20:
Quantification of B2 — Feedstock Storage (Manure management in Baseline)
TOTAL VOLUME OF BIOGAS DIVERTED KG CH4 PRODUCED
January 740 Kg
February 740 Kg
March 740 Kg
April 740 Kg
May 740 Kg
June 740 Kg
(Continued)
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Table 20: (Concluded)
TOTAL VOLUME OF BIOGAS DIVERTED KG CHs PRODUCED
July 740 Kg
August 740 Kg
September 740 Kg
October 740 Kg
November 740 Kg
December 740 Kg
Total 8,880 Kg
Methane Correction Factor 1.00
Emissions (CHy) 8,880 kg CHy
Global Warming Potential of CHy 21
Greenhouse Gas Emissions 186,480 kg CHg4

It should be noted that this calculation is a result of multiplying the number of managed cows by
the emission factor for manure management; as provided by the Canadian National (GHG)
Inventory, 2006, p.200. This value is seen to take into account annual weather pattemns and
provides the resulting number of emissions from current manure management operations,

including lagoon emissions.
Thus:
29.6 (kg CHg4/ head per year) * 300 head = 8,880 kg CH4

8,880 kg CHa per year / 12 months/year = 740 kg CH4 per month

Assuming equal distribution over the year:

Table 21:
Quantification of B10 Electricity Production
ELECTRICITY PRODUCED
January 43,594 kWh
February 39,375 kWh
March 43,594 kWh
April 42,188 kWh
May 43,594 kWh
June 42,188 kWh
(Continued)
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Table 21: (Concluded)
ELECTRICITY PRODUCED

July 43,594 kWh
August 43,594 kWh
September 42 188 kWh
October 43,594 KWh
November 42,188 kWh
December 43,594 kWh
Total 513,285 kWh
Emissions Factor for Electricity! 0.222 kg of CO2e per kWh
Greenhouse Gas Emissions 113,948 kg CO2e

1 Emission Factor for Ontario taken from the National Inventory Report, 2006, p.364.

Table 22:
Quantification of diverted deadstock (B8 Disposal at Landfill)
TOTAL VOLUME OF BIOMASS DIVERTED AGRICULTURAL
MATERIAL DIVERTED
January 634 kg
February 634 kg
March 634 kg
April 634 kg
May 634 kg
June 634 kg
July 634 kg
August 634 kg
September 634 kg
October 634 kg
November 634 kg
December 634 kg
Total 7,608 kg
Methane Correction Factor 1.00
(Continued)
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Table 22: (Concluded)
TOTAL VOLUME OF BIOMASS DIVERTED AGRICULTURAL
MATERIAL DIVERTED

Degradable Organic Carbon 0.30
Fraction of Degradable Organic Carbon Dissimilated Q.00
Fraction of CH4 in Landfill Gas 0.50
Recovered CHg at Landfill 2 -
Oxidation Factor 0
Conversion Factor 16/12
Emissions (CHy) 1,172 kg CHg4
Global Warming Potential of CH4 21
Greenhouse Gas Emissions 24,621 kg CO2e

Table 23:

Quantification of B11 Thermal Energy Produced

VOLUME OF FUEL BIOGAS DIESEL NATURAL GAS | GASO- OTHER
LINE TYPE
January -m3 - Litres 844 m3 - Litres -
February -m3 - Litres 844 m3 - Litres -
March -m3 - Litres 844 m3 - Litres -
April -m3 - Litres 844 m3 - Litres .
May -m3 - Litres 844 m3 - Litres )
June -m3 - Litres 844 m3 - Litres -
July -m3 - Litres 844 m3 - Litres =
August -m3 - Litres 844 m3 - Litres -
September -m?3 - Litres 844 m3 - Litres -
October -m3 - Litres 844m3|  -Litres s
November -m3 - Litres 844 m3 - Litres :
December -m3 - Litres 844 m3 - Litres :
Total -m3 - Litres 10,128 m3| - Litres 5
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Table 24:
Summary of Emissions Data
Biogas Diesel Natural Gas Gasoline Other
Type
Emissions Factor (CO,) . kg €O, perm® 27 kg CQ, per 181 | i5c0, perm? 283 kg (O, per kg CQ, per
Litre Live
Emissions Factor (CH,) 000049 kg CH, per m? 000018 | kgCH,per 000089 | yoch, perm? 000018 [ kgChyper kg CH, per
Litre Live
Emissions Factor (N,0) 0000049 | 4oy 0 perm? 0.000¢ kgNOper | 0.000049 | yop o perms 0000031 kgN,Oper kg N,O per
Litre Live
Emissions (CO,) 2 g o, 538056 | kgCo, - | wco, . g0,
Emissions (CH,) 1509 kg CH, 36 kg CH, - | wew, - kg CH,
Emissions (N,0) 151 kN0 79 N0 - | wNo . kg N0
Global Warming Potential | 21 kg CO,eper kg 21 kg CO,e per 21 | igCOeperig |21 kg CO.e per 21 | kgCOeperig
(cHy) of CH, kgofCH, of CH, kgof CH, of CH,
Global Warming Potential 310 kg CO,eperkg 310 kg CO,e per 310 | kigCOeperig 310 kg CO_e per 310 | kigCOeperig
(NO) o N0 kgof N0 of N0 kg of NO ofNO
Greenhouse Gas 78847 g COe 563232 | kgCOe - | wcoe - kg e - | wcoe
Emissions
Total Greenhouse Gas 64,168 | kgCOe
Emissions
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Summary of Emission Reduction Calculations

As stated earlier, the emission reductions possible will be a summation of the individual

calculation components found with the following equation.

Emission Reduction = Emissions gaseline — EMISSIONS project

Table 25:
Summation of Emission Reduction Offset Credits
GHG PROJECT | BASELINE GHG GLOBAL COze
EMISSIONS | EMISSIONS | EMISSION | WARMING (KG)
(KG) (KG) REDUC- POTEN-
TION TIAL
ACHIEVED
(KG)
Carbon Dioxide 53,805 19,146 -34,659 1 -34,659
(CO2)
Methane (CHa) 198.62 10,057 9,858.38 21 207,026
Nitrous Oxide 23.011 0.49612 -22.52 310 -6,979.8
(N20)
Hydrofluorocar- - - - various -
bons (HFCs)
Perfluorocarbons - - - various -
(PFCs)
Sulphur - - - 23,900 -
Hexafluoride (SFg)
Carbon Dioxide 0 113,948 113,948 - 113,948
Equivalent(COze)
Total 279,335
Table 26:
Summation of Estimated Emission Reductions
Baseline Emissions
ELEMENT GAS GWP KG KG COgze
DESCRIPTION
B2 Feedstock CHgy 21 8,880.00 186,480
Storage
B8 Disposal in CHgy 21 1,172.00 24,612
Landfill
(Continued)
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Table 26: (Concluded)
ELEMENT GAS GWP KG KG COze
DESCRIPTION
B10 Electricity COz 1 113,948.00 113,948
Production
B11 Thermal COz 1 19,146.00 19,146
Energy
Production
CHg 21 4.96 104
N2O 310 0.50 154
Total 344 444
Table 27:
Summation of Estimated Emission Reductions
Project Emissions
ELEMENT GAS GWP KG KG CO2e GHG
DESCRIP- EMISSION
TION REDUC-
TION

P6, P7, P8a, CO2 1 53,805.60 53,806
P9b, P12,
P15, P16,
P18, P19 and
P23
Feedstock
Processing

CHgs 21 154.50 3,245

N2O 310 23.00 7,130
P20 Flaring CHgy 21 0.11760 2.470

N20 310 0.01176 3.646
P21 Venting CHgy 21 44 00 924
Totals 65,110 279

194 © 2019 Canadian Standards Association June 2019

68



1SO 14064-3:2019 o A
Greenhouse Gas Verification and Validation Participant Guide

Monitoring the GHG project

Continuous monitoring (metering and measurement) of the anaerobic digestion unit is mandatory,
as the gas production values will naturally fluctuate, and accurate records must be complied. This
entails that complete and accurate records must be maintained for each month the unit is
operation. Accurate accounts of deadstock additions (kg) and daily manure collection volumes
should also be recorded. The more complete and robust the monitoring is on the digester,
regarding inflow of organic material and outflow of gases, the easier validation and verification
procedures will be.

Electricity generation values will also need to be metered and recorded and maintained for
offsetting the farm’s electrical needs. Accurate accounts of these quantities of electricity
generated will affect the overall quantity of possible emission reductions.

Table 16 illustrates the specific monitoring procedures needed for this case study. Frequencies of
measurements are identified as well as the specific components of each SSR which require
quantification. By following this table, based on good practice guidance, the project proponent will
successfully monitor the required components for this project.

Further to these specific monitoring requirements, project proponents are advised to keep
accurate and up-to-date records of digestate management. Digestate volumes in both liquid and
solid form should be recorded, and the specific uses of the digestate should also be monitored
and recorded (such as land spreading). Depending on the application and management of
digestate material, project proponents may need to consider quantifying emissions resulting from
this digester by-product. In most cases the emissions from general manure management will
exceed emissions resulting from the management of digestate material; however, in some cases
digester by-products may result in increased emissions in comparison to the baseline case.
Please refer to the technical descriptions provided within Annex C for applicability, as provided by
the Draft Protocol.

Table 28:
Data Collection Procedures (Draft Protocol, 2007)
Project SSRs
P6, P7, P8a, P9b, P12, P15, P16, P18, P19 and P23 Feedstock Processing
PARAMETER | UNIT MEAS- | CONTINGENCY | FREQUEN- | JUSTIFY
/ VARIABLE URED/ | METHOD CY MEASUREMENT
ESTIMAT- OR ESTIMATION
ED AND FREQUENCY
Volume of m?3 Metered Reconciliation of | Continuously | Most accurate
Biogas heat and power method.
Combusted / produced against
Vol. Biogas volume of biogas
Combusted required to
produce that
power.
Methane - Measured | Use previous Daily Provides reasonable
Composition year data, data estimate of the
(Continued)
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Table 28: (Concluded)
PARAMETER | UNIT MEAS- | CONTINGENCY | FREQUEN- |JUSTIFY
/ VARIABLE URED/ | METHOD CY MEASUREMENT
ESTIMAT- OR ESTIMATION
ED AND FREQUENCY
in Biogas / % that most parameter when
CHgs accurately continuous
reflects current monitoring cannot
feedstock, or be used.
current year data
retrospectively.
Volume of m3 Metered Reconciliation of | Continuously | Most accurate
Each Type of volume of fuel method.
Fuel / Vol Fuel; purchased within
given time
period.
Electricity kWh Metered Reconciliation of | Continuously | Most accurate
Usage / power method.
Electricity requirements for
facility as per
equipment output
ratings.
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Table 29:
Data Collection Procedures (Draft Protocol, 2007)
Project SSRs
P20 Flaring
PARAMETER | UNIT MEAS- | CONTINGENCY | FREQUEN- | JUSTIFY
/ VARIABLE URED/ | METHOD CcYy MEASUREMENT
ESTIMAT- OR ESTIMATION
ED AND FREQUENCY
Volume of m3 Metered Use volumetric As per Most accurate
Biogas Flared calculation as per | venting data | method.
/ Vol. Biogas venting require-
Flared calculation: (Flow | ments.
Biogas Vessel *
Vol. Manure
Vessel / Flow
Manure Vessel +
Flow Biogas
Vessel * Time
Flaring)
Methane - Measured | Use previous During Provides reasonable
Composition year data, data incident estimate of the
in Biogas / % that most parameter, when the
CHg4 accurately more accurate and
reflects current precise method
feedstock, or cannot be used.
current year data
retrospectively.
Volume of m3 Metered Reconciliation of | Continuously | Most accurate
Each Type of volume of fuel method.
Fuel used to purchased within
Supplement given time
Flare /Vol period.
Fuel;
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Table 30:
Data Collection Procedures (Draft Protocol, 2007)
Project SSRs
P21 Venting
PARAMETER | UNIT MEAS- | CONTINGENCY | FREQUEN- | JUSTIFY
I/ VARIABLE URED/ | METHOD CY MEASUREMENT
ESTIMAT- OR ESTIMATION
ED AND FREQUENCY
Flow Rate of m3/hr | Metered | Average flow rate | When Reference value will
Biogas at of biogas from incident remain consistent
Steady State / the digester at occurs unless system is re-
Flow Biogas steady state for engineered (i.e.,
Vessel the preceding change in system
period. configuration).
Time that hr Monitored | Reconciliation of | When Most accurate
vessel is records with incident method.
venting / t power supply to | occurs
the grid.
Methane - Metered Direct Annual or Biogas composition
Composition Measurement upon change | should remain

relatively stable
during steady state
operation. Material
changes in
feedstock would
warrant additional
measurement.
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Table 31:
Data Collection Procedures (Draft Protocol, 2007)
Baseline SSRs
PROJECT | PARAME- | UNIT | MEAS- | CONTINGEN- FRE- JUSTIFY
/ TER/ URED/ | CY METHOD QUENCY | MEASURE-
BASE- VARIABLE ESTI- MENT OR
LINE SSR MATED ESTIMATION
AND
FREQUENCY
B8 Mass of kg Moni- N/A Atreceipt | Monthly
Disposal at | Deadstock tored estimates of
Landfill to Landfill / deadstock added
Mass to the digester
should be
recorded. This
provides
accurate
information
regarding mass
diverted from
landfill.
B10 Electricity kWh | Calcu- Reconciliation | From gross | Provides
Electricity | Produced lated of power —net reasonable
Production | net of delivered to electricity estimate of the
Parasitic the electricity | produced parameter, when
energy grid. the more
require- accurate and
ments / precise method
Electricity cannot be used.
B11 Volume of m3 Record- | Calculated From Provides
Thermal Each Type ed relative to previous reasonable
Heat of Fuel / Vol metered monthly estimate of the
Produced | Fuel; quantity of invoices parameter, when
Thermal Heat the more
billed to the accurate and
customer. precise method
cannot be used.
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Data Management Plan

The above monitoring plan provides a list of the data which will be collected during the life of the
project. It is important that all of the information is logged and retained for use during the
validation process, future verification processes and for general future reference. The following
plan will be implemented:

1) All data will be recorded on paper at the point of collection. These daily, weekly, monthly,
annual, or as required recording sheets will be filed in an appropriate filing cabinet, with
secure access

2) These records will be transferred to a prepared spreadsheet as collected. The spreadsheet
will have limited access and secure fields

3) The network on which the electronic files are saved will be backed up on a regular basis

4) As the number of records increases, an appropriate cataloguing system will be implemented
to ensure that each record is uniquely identified and can be easily found upon request

5) All data will be checked for quality control measures on a regular basis. This will assess the
likelihood that the numbers are correct, based on proposed trends. Any possible
discrepancies will result in duplicate measurements

6) All calculations will be checked by a second person to ensure accuracy

7) All correspondence, meeting minutes and decisions made will be recorded, retained and
Justified for future use

8) All documents will be correctly labelled, stating the author and reason for the document

9) The data management plan will be reviewed on a regular basis and any potential
improvements will be addressed
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1. If the the validation of a project prior to a verification is materially flawed,
then:

Select one:

a.
[t is corrected on-site by the verifier

b.

The GHG statement 1s modified by the verifier
C.

The project cannot be verified

d.

[t is noted in the verification opinion
Feedback

The correct answer 1s: The project cannot be verified

2. What 1s an indicator of high inherent risk for the verification of a GHG project?

Select one:

a.

Use of customized protocol and emission factors

b.

Processes and work instructions not being followed
C.

Poor data quality management system

d.

Documents are incomplete, uncoordinated or unclear
Feedback

The correct answer 1s: Use of customized protocol and emission factors
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