Confined Feeding Operations Project Team
Emissions Inventory Summary Report

Disclaimer:

This report is the last draft assembled by the Emissions Inventory subgroup, not a final version.
The report represents the significant efforts of the subgroup and is presented for information only.
Some of the information or interpretation contained in the report does not reflect the opinions or
decisions of the Emissions Inventory subgroup or the Confined Feeding Operations project team.

Therefore, this report did not achieve consensus and does not have the sanction of the CFO
project team.

Prepared by the
Emissions Inventory Subgroup
for the
Confined Feeding Operations Project Team

Final Report

June 2007



About CASA

The Clean Air Strategic Alliance (CASA) is a norefir association composed of
stakeholders from three sectors — government, indasd non-government organizations
such as health and environmental groups. All CA&ugs and teams, including the board of
directors, make decisions and recommendations hgersus. These recommendations are
likely to be more innovative and longer lasting rththose reached through traditional
negotiation processes. CASA’s vision is that tmendli be odourless, tasteless, look clear and
have no measurable short- or long-term adversectsffen people, animals or the
environment.

Clean Air Strategic Alliance
10035 108 ST NW FLR 10
EDMONTON AB T5J 3E1

Ph (780) 427-9793

Fax (780) 422-3127

E-mail: casa@casahome.org
Web: http://www.casahome.org




Table of Contents

ABOUT CASA ettt e ettt e e e e e e e e e e e e e e e eneaaaeaaaeeeeeeenannes 2
EXECUTIVE SUMMARY ..ottt 6
RECOMMENDATIONS . ...ttt ettt e e e e e e e e e e e e e e eeeeeeneeeees 8
1  INTRODUCTION. ..ottt e e e e e e e e e e e eeeeeeeees 9
2 DEFINITION OF A CFO ittt 10
2.1 ALL LIVESTOCK INALBERTA ...cttttttttttuuunaaaataaeeaeaeeteeeeessssssnnnmnsssssnnnnnnnnneeees 10
2.1.1 QUESTIONNAIINE ... it et e e e e et e e e e e e et eeeeeesrnnns 10
2.1.2  Agricultural Census Data .............uuuuuuiicccreeeeeeeeeeeiiiire e e e e e e 10
2.2 APPROVEDCFQOS.... ..ottt et e e e e e e et aeaa s 10
2.3 CFGs AND THEALBERTA AGRICULTURAL OPERATIONSPRACTICESACT ......... 11
3 BACKGROUND ON INVENTORIES ......outtiiiiiiieeee e 12
3.1 EMISSIONSINVENTORY ...iiieeeee ettt e e e e e e e e e e e e e e eee s 12
3.2 INFORMATION IN EMISSIONSINVENTORIES......civiiiiiiiiiieiieeeineesineeeiseeansenenas 12
3.3 FOTENTIAL USES OFEMISSIONSINVENTORIES.....cccvvviiirnniiianaeeeeeeeeeeeeeeeennnnns 13
3.3.1 Planning and ASSESSIMENT..........ccoviiiiitcemmmmmm e e e e e e e eeeeeeeeeeeban s 13
3.3.2 SIS CT T o o P 13
3.4 EMISSIONSINVENTORIESDEVELOPMENT ..uuiviiieiiieeiieeeieeeieeeieesinseennessmnnnnes 14
3.5 EMISSIONSINVENTORY INFORMATION. ....uuiusseeeeeeeeeeeeeeeeeesnnnni s 15
3.5.1 DireCt MEaSUIEMENT.......ccvviiii i e 15
3.5.2 EMISSION FACLOIS ....uiiiiiiic ettt e e e e e e e e e e eeeennes 15
3.5.3 EMISSION MOEIS .....oueiiiiii et 16
354 Y TSR 2 T F= 1 Lo = 16
3.5.5 Engineering EStMAeS .........ooiiiiiiii e 16
3.6 EVISSION INVENTORY DATA AND INFORMATION STORAGE.........ccceviieieieiiinnnnnns 16
3.7 LIMITATIONS OF EMISSIONSINVENTORIES. ....ccuuiiiiiiiiieeineeieeeieeeineeain e esm e 16
3.7.1 ComPAarability ........cuuuuuuiiiiiiiie e 17
3.7.2 COMPIBLENESS ... e 17
3.7.3 F Yo o] U | = T} PPN 17
3.74 Reducing UNCertainty ..........oooiiiiiiiiiiiiieeeee ettt e e e e e eeeeeeeannees 17
4 SUBSTANCES UNDER CONSIDERATION.....cciiiiiiiiiii e 19
4.1 AMMONIA (NH3) ettt e e e e e e e eees 19
4.2 HYDROGEN SULPHIDE (H2S) AND TOTAL REDUCED SULPHUR (TRS).......cuuuen.. 19
4.3  VOLATILE ORGANIC COMPOUNDS(VOCS)....uiiiiiiieeeeieiieeieeeiiiiiiiian e 20
4.4  PARTICULATE MATTER (PM) ..ottt e e 21
4.5 PATHOGENS ANDBIOAEROSOLS.....iitiiiiiieiii et e e e et ermenee e e eaaes 21
4.6  ADDITIONAL SUBSTANCES FORFUTURE CONSIDERATION......uuvvvuiiiaaaaeeeeaeeeeee 21
5 SUMMARY OF EXISTING EMISSIONS INVENTORIES.......... cocoeiiiieeeeeen. 22

DRAFT FOR DISCUSSION ONLY Page 3 of 57



SPATIAL ALLOCATION OF AGRICULTURAL ACTIVITY DATA: PrRAIRIE AND NORTHERN

L =Te] 0 N (AT 5 22
5.1 USEPAAMMONIA INVENTORY (2004) ...cuuiiiiiiiianieeee et emmmm e 24
5.1.1 Methodology and ASSUMPLIONS .......iiiiiii s ccceeeeeccee e e e e e e e 25
5.1.2 RESUILS ... e 26
5.1.3 T 71 = 0 1 26
5.14 Model REfINEMENT ..........iiiiiiiie e e e 7.2
5.1.5 (@0] 1] 11153 0] 1 27
5.2 USEPAANIMAL FEEDING OPERATIONS(AFO) AIR AGREEMENT(2005) ........ 27
5.2.1  Goals of the AFO Air AQrE€EMENT.............. mmmmmmsssnrsaeeeeaeaeesaerereeennnnnnnnns 27
5.2.2  The MONitoring STUAY ......ccooiiiiiiiiiiiiiitceeeee e 28
5.2.3 (@0] 1] 111510 1S PP UURRPR: 28
5.3 ALBERTA AGRICULTURE AND FOOD AIR EMISSION INVENTORY FOR ALBERTA
AND LITERATURE REVIEW ...ttt ettt ettt e e e e e e e e e e e aa e 28
R 700 A Y o 111 [0 o = U USSP 28
5.3.2 Hydrogen SUIPhide...........eiiiiiiie e 92
5.3.3 Particulate Matter.........coooiiiiiiiiii e e e e 29
5.34 [q=ToTo] 0] T=T [0 F= A 0] o = 30
5.3.5 Results using AF 2006 (Census 2001) .......ccceeeeeeiarieeeeeeeeeeeeeeeeeeiiiieens 30
5.3.6 Methodology Limitations .............eevvvivviimmmmmee e 30
5.3.7 Possible Future Improvements ............ooovuuueieiiieeeeeeeeceeeeeeeeie 31
5.3.8 (@0] 1] 11153 0] 1 31
5.4 CARNEGIE MELLON UNIVERSITY (CMU), PITTSBURG, AMMONIA MODEL (2001)
(PROCEDURAL PROGRAN) .....uittttteeeetteeteeesattsssssaaassaeaeaaaaaaaseesssssssssnnsnnnaaaaeaaaaeaeeeeeees 32
54.1 Model and ASSUMPLIONS .....uuuuuuiiieieee e 32
5.4.2 T 71 7= 0 1 32
5.4.3 RESUILS ... e e ee s 32
5.4.4  CMU Modified MOEl ..........ccooiiiiiicceee e e e 33
5.4.5 (@0] g (o1 11151 (] o USRS 33
55 MODEL COMPARISONS .....ceeeteiieeisesssiiitetbbebaeeeeeeeeesessessssssbsbbesseeseeeeeeeaeeeeeas 33
5.6 SATIAL ALLOCATION OF AGRICULTURAL ACTIVITY DATA: PRAIRIE AND
NORTHERNREGION ....cceiiiiiiiiiiie ittt ettt e e e s s ees bbbt e ettt e e e e e e e e aaeeeeeeeaesannnnnns 34
5.6.1  Agricultural Census Activity Data..........coouueiiiiiiiiiiiieeen 34
5.6.2  CFO ACHVILY DAta .....uuuuuiiiiiiieieiiei it a e e e e e e e eaes 53
5.6.3 Gridding MethodolOgy ........eeuueiiii e 35
5.6.4 Results and DeliverabIes.................. . e ceeeenniiinniee e e e eeeeeeeeeesennnnnnns 36
5.6.5 SUMIMATY <.ttt emmmemme e et e e e et esta e e e e eeeena e e e aeeesanmnns 37
5.6.6 (@0] 1] 1113 [0 o 37
57 ASSESSMENT OF POTENTIAL ENVIRONMENTAL EFFECTS OF LIVESTOCK
EXPANSION INALBERTA (GOLDERASSOCIATES 1999)...ccciiiiiiiiiiiiiiiieiive e 38
5.7.1 1Y/ L=3 { gTeTo o] (oo )PP 38
5.7.2 SUMIMATY ettt nmmrer et e e e e et e e e et e e e eaan e e e e rnnnns 39
5.8 WHITFORD DISPERSIONFACTOR ANALYSES. . .cvuittiieeiieeiieeeineesineesineeeneeesnnnns 39
5.8.1 1Y/ L1 { T o] [0 o | U 39
5.8.2 SUMIMATY ...ttt eemmmmme e e e e e e e e e eeta e e e e eeetna e e e aeeesanmnss 40
5.9 ROULTRY EMISSIONSINVENTORY (ENVIRONMENT CANADA) 2002/03.............. 40

DRAFT FOR DISCUSSION ONLY Page 4 of 57



5.10 FRARKLAND AIRSHEDMANAGEMENT ZONE (PAMZ) EMISSIONSINVENTORY ... 40

Eo 0010 F00 R Y/ 11 1 o T T (o] [ Yo | SRR 40
B.10.2 RESUIS . e 41
B.10.3  CONCIUSIONS ..o e e 41
5.11 AGRICULTURAL EMISSIONS CATEGORIES AVAILABLE FROM ENVIRONMENT
L0 7Y 0 ) T 41
5.11.1 Criteria Air Contaminants ClassSifiCation..... .o veeeeei e, 41
5.11.2 National Pollutant Release INVeNtory.........cccccevvvevviiiiiiiiiiiie e 41
5.11.3 Inventories for Air Quality Modeling ..o 42
5.11.4 Broad Cate€gori€S.......cceeeeeiiiiiiiieeiiiiiceeeeeeeeeeeaeannss s s e e e e e e aeaeeeeeeannnnnd 42
5.11.5 Detailed Categories ........uuuuuuuuuiiiiiiees ettt 34
6 SOURCE APPORTIONMENT AND RECEPTOR MODELING OPTIONS. 45
6.1 CHEMISTRY APPROACHES. ...ttt ettt et et a et e e et et s e aama e e e e e re e eaaearnaenens 45
6.2 METEOROLOGYAPPROACHES. ..ttt ttt ettt ettt eeeeae et e e e e et e enteeeetaeseeaaeaaenaennees 46
6.3 (@ 0] Y 1231 1 (0] N LT 46
6.4 FHYSICAL MODELING APPROACHES .. .t ittt ettt sttt tet ettt eeneensensesseeaeansenaenns 46
6.5 S S 1Y 1Y 7 = 2RO 47
6.6 RE COMMEN D ATIONS. ettt ettt ettt et e et et e e et e e s ensemeemnren e en e ensenrenaenrenrenrenrenes 47
GLOSSARY OF ACR ONYMS ..o e 48
APPENDIX A — EMISSIONS INVENTORY SUBGROUP TERMS OF
REFERENCE ... .o et e e 49
APPENDIX B — ALBERTA ASSOCIATION OF MUNICIPAL DISTR ICTS AND
COUNTIES (AAMDEC) ..euiiiiiiiiie ettt e e e e e e e e nnnnaaas 51
APPENDIX C - MAPS AND DATA FROM THE 2001 AGRICULTUR AL
CENSUS FOR ALBER T A ..o 53
APPENDIX D - EMISSIONS INVENTORY SUBGROUP MEMBERS.................. 57

DRAFT FOR DISCUSSION ONLY Page 5 of 57



Executive Summary

The Emission Inventory (EI) subgroup of the CASAn@ined Feeding Operations (CFO)
project team has reviewed existing emissions irorégeg and reports related to CFO
emissions. The twelve relevant inventories ananspare summarized in this report.

Important observations on emissions inventories:

The completeness and accuracy of an emissionstoyedepends on the purpose
for which it was intended

There are no inventories that can answer all thestipns the CFO team has about
emissions from CFOs

From the existing inventories reviewed using thatsSCanada Agricultural Census data
(2001) for Canada and Alberta, the estimated nusntseainimals in CFOs in Alberta are:

Dairy cattle: 84,044
Beef cattle: 6,531,157
Pigs: 2,027,533
Sheep: 307,302
Poultry: 2,907,377

From the various methodologies described in thigonte the estimated amounts of
emissions from CFOs in Alberta are:

Methodology Total Estimated Emissions

US EPA Ammonia Inventory - Ammonia: 167,954 tonnes

Alberta Agriculture and Food - Ammonia: 124,675 tonnes

Emissions Inventory (2001) - H,S/TRS: 4,012 tonnes
Particulate Matter: 19,539 tonnes

Carnegie Mellon University - Ammonia: 181,069 tonnes

Ammonia Model

There is currently no estimated amount of volatitganic compounds or bioaerosols
from CFOs in Alberta. The estimated distribution@¥O emissions across Alberta is
highest in southern Alberta and lowest in north&hlperta for ammonia, F6/TRS and
particulate matter.

The CFO team should encourage Alberta Environmé&mtyironment and
Agriculture Canada and industry to conduct specgtadies in areas with
intensive agriculture using suitable source appornient methods to estimate the
relative impacts of agriculture and other emissions local area.
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Recommendations

The following recommendations have been developgd the EI subgroup for
consideration by the CFO project team:

Recommendation 1 — Use of this Report

This report should be used to provide the CFO teatim the necessary background to
discuss emissions management recommendationsef@rovince of Alberta.

Recommendation 2 — Development of a New Inventory

Alberta Agriculture and Food, Alberta Environmeiational Resource Conservation
Board, Environment Canada and industry should dgvalCFO Emissions Inventory for
the province of Alberta.

Recommendation 3 -Source Apportionment Methods

Encourage Alberta Environment, Environment and égture Canada and industry to
conduct specific studies in areas with intensiveicafjure using suitable source
apportionment methods to estimate the relative atgpaof agriculture and other
emissions in a local area.
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1

Introduction

The CASA Confined Feeding Operations (CFO) projeatn agreed to form a subgroup
to address the matter of an emissions inventoryis &missions inventories information
is intended to facilitate the development of atetyer plan to manage CFO air emissions.
Where appropriate, the El subgroup was mandateavéssee the development of an
Alberta CFO emissions inventory, which would in@usubstances agreed upon by the
CFO project team. The complete El subgroup Terhi®ederence (TOR) is provided in
Appendix A.

This report provides background information on meey methodologies, describes
substances of interest for emissions inventoriamnsarizes existing inventories, and
outlines source apportionment approaches. Basdtisnnformation, the EI subgroup
herein provides recommendations on how the CASA Q@Fgject team should proceed
on the matter of emissions inventories and soupperionment.

For each existing methodology, the following inf@tion has been summarized:

Background on the source of the inventory or repotiuding the goals, where
available

Formulas used to calculate emissions estimates

Types of animals assessed

Limitations on the data and reports

Summary of the relevance of the information to@ team
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2.1

211

2.1.2

2.2

Definition of a CFO

In order to investigate the potential of developmgew CFO emissions inventory for
Alberta, the EIl subgroup considered three livestomulations:

All livestock in Alberta
Approved CFOs
CFOs as defined by the Alberta Agricultural Openagi Practices Act

All Livestock in Alberta

In order to estimate the work involved in assessengissions from all livestock in
Alberta, the subgroup took the following steps:

Questionnaire

The EI subgroup developed a questionnaire and sksclit with the AlbertAssociation
of Municipal Districts and Counties (AAMD&C). Thegoal was to determine if
municipalities have enough information about numlr animals and manure
management for emissions inventory development feirt jurisdictions. The
guestionnaire is shown in Appendix B. AAMD&C adwisthe EI subgroup that the
Natural Resource Conservation Board (NRCB) and rdbégriculture and Food (AF
have this information with regard to CFOs as defiriey the Alberta Agricultural
Operations Practices Act (AOFA). As a result, tjuestionnaire was not distributed to
AAMD&C members.

Agricultural Census Data

In the absence of data from municipalities (witl &xception of Lethbridge County), the
El subgroup used 2001 Agricultural Census dataAMrerta. The census data was
developed by agricultural region and census divisiblaps and data are shown in
Appendix C. The data included numbers for cattligs,psheep, poultry and others
(horses, goats, bison, bees, etc) and informatlmyutamanure application methods.
Apparently, the 2006 data will be released in M892, which may be used in the future.

Approved CFOs

CFOs as defined by AOPA require NRCB approval. rétege currently 2114 approved
CFOs in the province of Alberta and a portion oésh were permitted by local
municipalities prior to 2002. In January 2002, tiBRCB assumed responsibility for
permitting CFOs in Alberta.
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2.3 CFOs and the Alberta Agricultural Operations Pr  actices Act

TheAlberta Agricultural Operations Practices A@GOPA) defines a CFO as:

“S. 1. (b.6) “confined feeding operation” meansdet or
enclosed land or buildings where livestock are icaaf for

the purpose of growing, sustaining, finishing oedaing by
means other than grazing and any other building or
structure directly related to that purpose but does
include residences, livestock seasonal feedinghbeuiding
sites, equestrian stables, auction markets, raaekdror
exhibition grounds;”

There are various factors that determine whetharodran operation meets the AOPA
CFO definition. For example, 10 animals in a snpeh may be considered a CFO;
however, it does not meet the threshold for revigsymitting and approvals.

It was concluded that the work involved in assagsgimissions from CFOs as defined in
AOPA is either covered under the All Livestock (&a&t 2.1) or the Approved CFO
(Section 2.2) options.
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3.1

3.2

Background on Inventories

Emissions Inventory

An emissions inventory is an accounting of pollttamissions released into the air over
a given period of time for a given political or ggaphical region. An emissions
inventory may include both anthropogenic (causedhbgnans) and biogenic (natural
sources).

The sources of emissions included in these invesgocan be grouped into three
categories:

Point sources
Area sources
Mobile sources

Point sources are stationary and the emissionasetecan be traced back to a single
identifiable location. Area sources describe erorss from spatially diffuse and/or
numerous sources that can only be measured oragetimising the accumulation of point
sources. For example, lagoons and manure applicagerations are area sources of
emissions. Mobile sources include broad area soengissions accumulated from non-
stationary operations. The definition of a molsibeirce depends on grid size or scale.

Information in Emissions Inventories

Generally, an emissions inventory summarizes theuamand types of air pollutants
released into the air as defined by the objectnfethe inventory. The content of an
inventory is determined by balancing the objectiged scope of that inventory with the
resources available to conduct it.

A small-scale inventory may only require that a Bramount of data be collected, but
may have stringent requirements for estimating sioms, while a large scale emissions
inventory may require data from thousands of sautmg may be less stringent on the
methods used for estimating emissions. Ultimatiblg,data collected must be sufficient
in both quality and quantity to satisfy the objees of the inventory thus meeting the
needs of its users.

Natural sources of air pollution that can be ineldidh an emissions inventory include:

Growing and decaying vegetation
Forest fires

Volcanic activity

Windblown dust

Pollen
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3.3

3.3.1

3.3.2

Major anthropogenic sources of air pollution thaaynbe included in an emissions
inventory include emissions from industrial and coencial processes and transportation.

Potential Uses of Emissions Inventories

In general, emission inventories are used for pfapnassessment and research.
Specifically, emissions inventories can be used for

Determining and comparing trends in quantitiesroiteed pollutants

Tracking emissions and thereby identifying areasimportance by substance,
location or source

Gaining a better understanding of the overall aaligy for a given area

Developing air quality models

A CFO emission inventory would establish a basebndbenchmark for emissions in
Alberta at a given point in time. This informatioauld then be used to:

Determine if emission levels have changed over time

Compare trends in emissions

Compare CFO emissions to those of other industries

Facilitate prioritization of emissions managememd @otential improvements to
future inventories

Develop air quality models for the province of Altze

Planning and Assessment

Emission inventories are an essential componemtirofjuality management. They are
needed for reporting on environmental objectives tangets, and for determining overall
magnitude and trends of emissions. Environmemiglact assessments, planning and
assessment of control strategies as well as lochtegional air quality modelling depend
on these inventories providing a means to addresiseal and regional air issues.

With respect to planning and assessment, emissu@niory data can be used to:

Establish baseline emission values to help tradgness being made by emission
reduction plans

Provide the necessary data for air dispersion nliadefo evaluate environmental
impacts from future emission scenarios

Ensure compliance of emission limits from souregjans or activities

Research

A variety of areas in both environmental and headttiences require emissions

inventories data. The cumulative effects of palhi$ is a major area of concern and an
emissions inventory will help provide some of trec@ssary information to evaluate the
impact of these emissions.
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3.4

Emissions Inventories Development

Emissions inventories require considerable humash famancial resources. Careful
planning is necessary to ensure that the compietexhtory satisfies all of the objectives
set out for it. There are seven steps that areinext for developing an emissions
inventory plan.

Step 1 — Objectives/Goals
The objectives of the inventory must be specifiowggh to guide the rest of the process
but broad enough to allow the flexibility needegtan and conduct the inventory.

Step 2 - Scope
The scope will determine the pollutants, sourcestass, geographic area and other

information to include in the inventory. Develogithe scope may involve research to
identify existing data availability.

Step 3 - Frequency

An emissions inventory may only need to be condlctece to satisfy the objectives.
Alternatively, the inventory may need to be updatddset time intervals or on a
continuous basis. At this stage, the emissionsiitorg development plan must determine
the frequency at which the inventory will be updiate

Step 4 — Data Collection Methods

The fourth step in an emissions inventory develampnpéan is determining the methods
and tools (acceptable estimates, calculation method quality control) that will be used
to collect the data and information. In many caffes inventory may be limited by what
methods are available, what methods are being asddwhether participation in the
inventory is mandatory.

Step5 - Data Storage and Dissemination

Usually, a database or data management systenedstasstore the collected data and
information. The emissions inventory developmetdanpshould address the data
management system and the needs of the usersiagadgsdata or information.

Step 6 - Determining Who Will Carry Out and Manéaige Inventory

The final step in an emissions inventory developm@an is deciding who or what
organization will conduct and manage the inventmg analysis of the data. This could
be done by the same group that initiated the dewedmt process, by a third party
consultant or through the participation of a goweent or regulatory body. The
availability of resources, expertise and time wifluence this decision.

Step 7 — Approval by Stakeholders

After the emissions inventory development plandspleted, it should be presented and
approved by stakeholders and users to ensuretthdéquately meets the needs of those
affected and involved.
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3.5

3.5.1

3.5.2

Emissions Inventory Information

Emissions inventories can be designed using a eepidor bottom-up approach. The
top-down approach uses an emission inventory basddrge-scale data from national,
provincial or regional sources. This large-scaltadcan be extrapolated to smaller scale
emissions through comparison to other statistiash sas population, sales, and gross
domestic product. The bottom-up approach involdesermining emissions from
individual sources and summing them to obtain lacple estimates (national,
provincial, regional). Several estimation methadtigat can be used to determine
emissions from a particular source or process atléed in the following sub-sections.

Existing emissions data was typically collectedngsa survey or questionnaire, which
was sent to the facilities operators. The sunespested pertinent data and information
including methods used to estimate the emissions.

Direct Measurement

Direct measurement is generally the most accuraied of determining quantities of
pollutants released from stationary (stacks) or ilmoémission sources (cars). Direct
measurement methods must follow very stringentgoals to ensure consistency.

Continuous emissions monitoring systems measuradtual emissions released during a
monitoring operation. An alternative to continu@missions monitoring is to use source
testing, which involves the direct measurementnoission over the short-term.

Emission Factors

Emission factors are a set of parameters used themetical calculations to provide
reasonable estimations of the rate at which a fauitus released to the atmosphere as a
result of a process or activity. The general elmstactor equation is:

Emission rate= Emission FactoX Activity FactorX Control Factor

The emission rate is the quantity of emission s#dgper unit time. The emission factor
is a representative value relating the quantitpafutant emitted to a specific activity or
process. The activity factor is some measure obaration that produces emissions.
The control factor is the portion of emissions tha reduced due to the use of a control
device or through the modification of some process.

There are two types of emission factors: generdl specific. General emission factors
have been developed in order to estimate emissoon & given process. They are used
when more precise information (such as plant teldynes, specific processes, or sector
emission factors) is not available. These genaemaksion factors have been developed
by various government agencies, international aegaions, industrial associations and
other concerned groups. Estimates using generasem factors are usually not as
accurate as facility or plant specific factors.
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3.5.3

354

3.5.5

3.6

3.7

Specific emission factors are based on compreherngmwledge of a specific plant,
technology or process. Specific emission factoesn@ore accurate than general emission
factors, as they are based on a detailed undemtaotihow emissions are released from
a given source. These specific emission factonge Haeen developed by various
government agencies, industrial associations adididual companies or plants. These
factors are not available for all sectors and pees, and may only be valid for a specific
operation at an individual plant.

Emission Models

Another way of estimating emissions is through tise of emission models. Emission
models are process equations that have been dedelmp estimate emissions from

certain sources. These models may be based oruredas empirical values. Software

packages may be used to facilitate the operatiaihefe models. Emission models are
often used for on-road and off-road mobile sourcas,ral/biogenic emissions and other
sources.

Mass Balance

Mass balances can be used to estimate the amousmisions released into the
atmosphere by calculating the difference betweerathounts of a component contained
in the materials that enter a process, the amantamed in the products and any wastes
or residuals. These emissions are determined gsingervation laws.

Engineering Estimates

Engineering estimates are developed by an engweer is familiar with a specific
process or technology.

Emission Inventory Data and Information Storage

The collected data in an emissions inventory isaligicompiled into a database or data
management system. There are a variety of tocddade to store and analyze the
collected data in the inventory, including custounilttsoftware used by governments and
companies. Microsoft Excel and Access or more cemlmgnsive databases such as
Oracle and SQL may be used for this purpose.

There are a variety of emissions inventory softwaiiges available for specific inventory
needs. Different custom software can be used tet mevariety of needs from simple
data storage and organization to comprehensiveysisal These software suites can
contain modelling features, GIS systems, customortep graphing and emission
calculation tools.

Limitations of Emissions Inventories

There are many factors that may limit the usefidr@san emissions inventory including:
the completeness of the inventory, the compargholithe data and the accuracy of the
data. There are a number of steps that can ba takeduce the uncertainties associated
with each factor and thus minimize the limitati@misn inventory.
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3.7.1

3.7.2

3.7.3

3.74

Comparability

The comparability of emissions data from variousirees is very important. If
comparisons are to be made, the data and methedsta®stimate the values must be
comparable. The methods and materials used toastithe values must be established
in the initial planning of an inventory.

Completeness

The degree of completeness may limit the usefulrEs@&n emissions inventory.
Completeness is determined by comparing the amofivalid data collected to the
amount anticipated in the initial planning of tieentory. Completeness is also affected
by the amount of quality data assembled. A swdfitiquantity of data and information
may have been collected, but it may be of inadegaality to include in the inventory.
As a result, the inventory may not meet the obyesti

Accuracy

The calculation methods used to determine emisgiandhave a significant effect on the

accuracy of an inventory. Each method used wiMehsome degree of accuracy. Some
industries and processes have more comprehensiigsiem estimation methods and

factors available than others.

When emissions are calculated for an individualre®uthe uncertainty of an emission
factor or method of calculation/estimation mustbasidered. The most appropriate and
ideally, the most accurate methods of estimatiaukhalways be used; however, this is
dependant on the availability and collection of éin@issions data.

There are two types of emission estimation ungdits: model and parameter
uncertainty. Model uncertainty refers to the utaiaty associated with the estimation
methodology (i.e. mathematical equations or inventstimation models). Parameter
uncertainty is the uncertainty associated withweables used in the calculations, such
as activity data, emission factors and controldiest

Reducing Uncertainty

There are many steps that can be taken to enserendximum completeness and
accuracy of an emissions inventory. A major infice on the quality of data collected
and used in an emissions inventory is the preseficguality assurance and quality
control (QA/QC) procedures.

Quality assurance procedures are management mdidesigned to ensure that any
process, item, or service is of the type and qualdeded for use in the inventory. It
deals with creating management controls that cgdanning, implementation, and

review of data collection activities. Quality d¢ooi, on the other hand, is technical in
nature and is implemented at the project levelindludes all the scientific precautions,
such as calibrations and duplications, which areded to ensure that data is of the
proper quality and accuracy for use in the inventor
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The application of QA/QC procedures is an essengguirement of a successful
inventory development process. A QA/QC processtwp to improve transparency,
consistency, comparability, completeness and cenfid in the inventory and any
associated goals and responses. QA/QC techniauobsdé historical comparisons,
reasonability of values, peer review, statisticaéaks, replication of calculations and
audits.
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4.1

4.2

Substances under Consideration

Priority substances were discussed generally b #@ team. It was agreed that
the EIl subgroup should focus on five substances:

Ammonia (NH)

Hydrogen Sulphide (($) and Total Reduced Sulphur (TRS) where available
Volatile Organic Compounds (VOCs)

Particulate Matter (PM)

Pathogens/Bioaerosols

The subgroup has used the list of five priority ahces to guide their work. If an
existing inventory or report addressed any of the priority substances, it is reported as
such in the summary and the subgroup as providegsegssment. The subgroup has also
made recommendations for future work on each ofitteepriority substances.

Ammonia (NH 3)

At atmospheric pressure, ammonia @)i$ a colourless gas, which is lighter than aot an

possesses a strong, penetrating odour. Ammoniaahasdour threshold of 5 ppm.

Ammonia dissolves readily in water, where it iosize form an ammonium ion. The

solubility of ammonia in water is influenced by teemospheric pressure, temperature,
and by dissolved or suspended materials.

Livestock operations are a major contributor of amm emissions. Ammonia is
produced inside livestock buildings, in open fe&sllin manure storage facilities, during
manure handling and treatment and when manurepiéedpto soils. The major sources
for atmospheric emissions of ammonia in Albertaomder of output are: agricultural
activities (animal feedlot operations and othernvitas), biomass burning (including
forest fires), fertilizer plants, fossil fuel congiion, and accidental releases.

Gaseous ammonia is a very important basic compoutiee atmosphere. It reacts readily
with acidic substances or sulphur dioxide to forrmn@onium salts that occur

predominantly in the fine particle (size< 2.5 pmgction. A small amount of gaseous
ammonia is converted to nitric oxid€he current Alberta Environment (AENV) 1-hour
Ambient Air Quality Objective for ammonia is 1,406/m® (2,000 ppb) and is based on
odour perception.

Hydrogen Sulphide (H ,S) and Total Reduced Sulphur (TRS)
Hydrogen sulphide (}8) is formed by microbial reduction of sulphate (@ectron

acceptor) and microbial decomposition of sulphumtaming organic compounds in
manure under anaerobic and aerobic conditions

Hydrogen sulphide (E6) is a Reduced Sulphur Compound (RSC) and is soieet
called Total Reduced Sulphur (TRS). The RSCs amngplex family of substances.
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4.3

They are defined by the presence of sulphur irdaged state and are generally
characterized by strong odours at relatively lowasmtration. The most common
substances within the RSC family that are emittechfindustrial sources are: hydrogen
sulphide, methyl mercaptan, dimethyl sulphide, dimaethyl disulphide. In some
locations in Alberta, ambient monitoring shows ttiet majority of TRS is made up of
H,S, but the amount of 43 in TRS can vary, depending on nearby sources.

Hydrogen sulphide in livestock buildings is mairgyesent in shallow barn gutters,
underground, in outdoor holding storage tanks,noearthen manure storage facilities.
Hydrogen sulphide is heavier than air, soluble iates, and can accumulate in
underground pits and unventilated areas of livéstogildings. The current Alberta
Environment 1-hour Ambient Air Quality Objectiverfelydrogen sulphide is 14g/m®
(10 ppb) based on odour perception and the 24-Ambient Air Quality is 4 g/m® (3

ppb).
Volatile Organic Compounds (VOCs)

A Volatile Organic Compound (VOC) is an organic qmund that participates in
atmospheric photochemical reactions. VOCs coratlaast one carbon atom (excluding
carbon dioxide and carbon monoxide), have a vapoessure of 0.01 kPa or greater at
25°C and vaporize easily at room temperature. Thejude fatty acids, nitrogen
heterocycles, amines, alcohols, aliphatics, aldebydethers,p-cresol, mercaptans,
hydrocarbons, and halocarbons.

There are a large number of VOCs that have beentifigel in manures. These are
generated by the partial breakdown of feed matetilaht takes place in an animal’s
digestive tract by anaerobic bacteria. Many of theultant compounds are highly
odorous, the most important of these being Volakbtty Acids (VFASs), indolics,
phenolics and sulphur compounds

VOCs emitted from anthropogenic and biogenic saireact in the troposphere in the
presence of NQ and sunlight to form ozoneAENV developed ambient objectives for
the following five VOCs:

2-Ethylhexanol
Ethylbenzene
Isopropanol
Toluene
Xylene

Several organic compound have been excluded frenVC classification because of
their negligible photochemical reactivity includingmethane, ethane, 1,1,1-
trichloroethane  (methyl chloroform), methylene c¢lde (dichloromethane),
chlorofluorocarbons (CFCs), fluorocarbons (FCs),d ahydrochlorofluorocarbons
(HCFCs).
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4.4

4.5

4.6

Particulate Matter (PM)

Particulate Matter (PM) is an unusual air pollutanthat it is defined by its physical
morphology rather than chemical identity. PM isegarized by aerodynamic diameter,
which is the size of a spherical particle that velsethe same as the actual particle (most
PM is highly irregular in shape). The most commdassifications are PN (coarse
PM), which includes particles smaller than 1@n in aerodynamic diameter, and
PM_ s (fine or respirable PM), which includes particlesadler than 2.5 m in diameter.

Particles can be emitted directly from anthropogeand natural sources; for instance,
both forest fires and diesel engines are sourcepadiculate matter. When PM is
directly emitted, it is referred to as primary partate. However, PM can also be formed
as a result of a series of chemical transformatiamelving other air pollutants. For
example, oxides of nitrogen or sulfur (NO, Né&hd SQ) can react with ammonia (NH

to form ammonium nitrate (NMO3) or ammonium sulfate ((NJLSQy). Particles
formed in this way are referred to as secondariquaate.

Particles may be emitted from a source at the £3%re, but when secondary particulates
form, they are typically very small and grow aseauit of coagulation (due to particle
collisions), condensation of gases onto the paftdurface or from chemical reactions.
Particulate matter, once emitted or formed, wiltgm in the atmosphere until it is
removed either by precipitation or by settling.

Pathogens and Bioaerosols

Bioaerosols include microorganisms (living, dormantnon-viable) such as bacteria,
viruses, fungi and actinomycetes, as well as bimit& compounds (e.g. endotoxins,
mycotoxins) that are uniquely associated with nocganisms.

Many sources of bioaerosols are man-made, suclhase tgenerated by sewage and
animal waste disposal facilities. In animal houskbmaerosols are produced from
animals, feed, bedding, and feces. The cell dedmi$ microbial organisms become
airborne to form bioaerosols, which originate frammal respiration, skin, fur, feathers
and manure.

Additional Substances for Future Consideration

The project team also agreed to discuss greenhgasss (GHGs) and odour. The team
subsequently made a decision to narrow their sobpeork by not focusing on GHGs in
the near term, but to assess the effect of the &tFdegic plan on GHG emissions at a
later date.

Odour has been discussed in other Alberta forunth @8 the Ambient Objectives
Working Group, which is a multi-stakeholder groulviging Alberta Environment.
Although the EI subgroup is in agreement that anuodnanagement framework is
needed, no specific recommendations on odour candae at this time.
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5

Summary of Existing Emissions Inventories

A table comparing the information available frone tamissions inventories investigated
is provided in Table 5-1.

Table 5-1: Comparative Summary of Emissions Inventoes

Section

Emission Inventory

Emissions

Addresses
housing, rearing
and manure
management
train (MMT)

5.1

US EPA Ammonia
Inventory

NHs

5.2

US EPA Animal
Feeding Operations
(AFO) Air
Agreement (2005)

PM, H:S, VOC,
NH3

5.3

Alberta Agriculture
and Food Air
Emission Inventory
for Alberta and
Literature Review
Shane Chetner

NH3, H2S, PM

5.4

Carnegie Mellon
University (CMU),
Pittsburg, Ammonia
Model (2001)
(Procedural
program)

NH3

5.6

Spatial Allocation of
Agricultural Activity
Data: Prairie and
Northern Region
(RWDI)

5.7

Assessment of
Potential
Environmental
Effects of Livestock
Expansion in Alberta
(Golder Associates,

1999)

NH3, PM, VOX,
N3O, CM
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5.11

Agricultural
Emissions

Categories Availabl¢
from  Environment
Canada

No
> factors

emission
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5.1

The EI subgroup also considered potential pathseat for a new emissions inventory
in Alberta. The options included:

Obtaining generic information by using Statistican@da data together with the AF
by Chetner or Golder emissions factors.

Collecting specific Alberta Manure Management TréMiMT) information. This
can be done only if counties have MMT information ity modifying Census
Canada information from 2001. The US EnvironmeRuatection Agency (EPA)
MMT information would not likely be used becausésinot Alberta-specific and is
only limited to ammonia. Alternatively, a consultacould be hired to expand the
existing information by considering other emissions

Generating a new, detailed emissions inventoryAttrerta. Such an endeavor
would entail a significant investment of time ainthhces.

Focusing on existing inventories and reports taaiobthe necessary information.
Expanding the EPA model to include other substanc&se feasibility of this
approach would depend on obtaining information fromunties or by modifying
Census Canada information from 2001.

Investigating manure management exclusively. Agdims method would be
limited by the ability to obtain appropriate infoation from counties or from
Census Canada 2001 data.

Adding Statistics Canada data on manure managemenristing inventories.

US EPA Ammonia Inventory (2004)

The National Academy of Science (20D8)pted that animal emission factors were not
well characterized and recommended a process-basekkling approach to estimate
emissions from confined feeding operations.

In 2004, the US Environmental Protection Agency AEBleveloped a process-based
national inventory model that applied mass balgroeciples. This model considered the
amount of nitrogen contained in the excreted mammck the way that the manure was
managed. This approach addresses regional diffiesencammonia emissions caused by
variations in manure management practices whileuremg that ammonia emissions

calculations are constrained by the amount of akkelnitrogen in excreted manure. An
overview of the methodology is given in Table 5-2.

! National Academy of Sciences. 2003. Air Emissioramf Animal Feeding Operations: Current
Knowledge, Future Needs. National Academies Pk¥sshington, D.C. pp 263
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Table 5-2: US EPA Ammonia Inventory Calculation Mehodology

Step 1 Estimate average annual animal populatignartimal group, state, and
county.

Step 2 Identify Manure Management Trains (MMT) ubgdeach animal group and
then estimate the distribution of the animal popolausing each MMT.

Step 3 Estimate the amount of nitrogen excretenh ftise animals using each type
of MMT and general manure characteristics.

Step 4 Identify or develop emission factors forreesmponent of each MMT.

Step 5 Estimate ammonia emissions from each amgmalped by MMT and county
for 2002.

Step 6 Estimate future ammonia emissions for y2@i$, 2015, 2020, and 2030

5.1.1 Methodology and Assumptions

Ammonia emissions calculations are dependant omalriype. The calculation details
relevant to swine, cattle, poultry and sheep arergbelow.

5.1.1.1 Swine

All manure produced by swine in Alberta is managgdEarthen Manure Storage

(EMS).

Produced nitrogen is calculated using th&ogen excretion rate

recommended by Mid West Plan Service (MWPS). Titregen excretion for each
animal category was assumed to be uniform oveptbence.

The census region level emissions were estimatad f#ach Manure Management
Train (MMT) using a process-based inventory modwlt tapplies mass balance
principles in the following manner:
Calculation of ammonia emissions from the housirgpaThe ammonia emissions
factor was assumed to be the same for all animeagjoaes (6 Ib/head per year)
Calculation of ammonia emissions from EMS:

(0]

(0]

(0]

Nitrogen losses from the housing area sNHbuse X conversion factor
(14N/17 NH)

To calculate the nitrogen in EMS, subtract nitroggsses in housing area
from nitrogen excreted in swine housing area

To calculate ammonia emissions from EMS, multilg nitrogen in
EMS by emissions factor (we assume it 0.71) andveion factor
(14N/17 NH)

Calculation of ammonia emissions from land appidat

(0]

o

Assume 45% of nitrogen applied to the soil is tosthe atmosphere in the
form of ammonia.

The nitrogen applied to the land is equal to theltaitrogen produced
minus nitrogen lost from the housing area and EMS.
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o To calculate ammonia emissions from land applicatimultiply the
nitrogen applied to the land by the emissions fafie assume it 0.45)
and conversion factor (14N/17 NH

Total ammonia emission using this process-basedemigdthe sum of ammonia
emissions from housing, storage (EMS) and landiegijbn.

5.1.1.2 Cattle

Calculation of nitrogen produced by all cattle gsithe nitrogen excretion rate
recommended by Mid West Plan Service (MWPS).
Estimation of census region level emissions frochedMT using a process-based
inventory model that applies mass balance prinsipi¢he following manner:
o Calculate ammonia emissions from the housing astaguthe Alberta
Agriculture and Food (AF) method
o Calculate ammonia emissions from land application:
The nitrogen applied to the land is equal to th&ltmitrogen
produced minus nitrogen lost from housing and gtera
To calculate ammonia emissions from land applicatimultiply
the nitrogen applied to the land by the emissiaasolr (we assume
it 0.45) and conversion factor (14N/17 y§H

Total ammonia emission using this process-basedemigdthe sum of ammonia
emissions from housing, storage (EMS) and landiegipdn.
5.1.1.3 Poultry
Ammonia emissions from poultry are calculated ushesame method described above
for cattle.
5.1.1.4 Sheep
Estimated emissions are calculated by multiplyirsgngle emission factor by the number
of animals in each census region. No process-basel@! is used here.

5.1.2 Results

Table 5-3: Summary of Estimated Ammonia Emissionsém CFO operations

Livestock Cattle Swine Sheep Poultry
NH; (tonnes) 138245 24612 4084 1013

5.1.3 Limitations

A significant number of variables affect ammoniaissions from CFO operations

including: climate and geography, diurnal and seak@missions patterns, feeding
practices, animal life stage, and individual animenagement practices. The emission
factors developed for this inventory do not accdongll of these variables.
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5.14

5.1.5

5.2

5.2.1

Model Refinement

Researchers at the University of California —Daleseloped a similar comprehensive,
process-based model for estimating ammonia emisaies from CFOs that circumvents
the limitations of the EPA model. This model cotsisef the Farm Emission Model

(FEM) and the animal allocation processor (AAP)eTFEM can be used to calculate
ammonia emission rates from both an individual C&t@ a group of CFOs. It also
allows predictions on different time-scales (houdgily, monthly, yearly). The FEM is

designed to calculate ammonia emission rates friffereht facets of the CFO, including

animal housing, manure storage, and land applicalibe model is still being tested and
validated.

Conclusions

The USEPA Ammonia Inventory (2004) only addressemania.

The inventory does address different types of husind rearing. The mitigation
impacts of different MMT cannot be addressed bezdhsre is no information on
the types of MMT to address.

The level of effort needed to do a similar studyishibitive due to financial and
other resource implications.

US EPA Animal Feeding Operations (AFO) Air Agre  ement (2005)

A recent National Academy of Sciences repemphasized that scientifically credible
methodologies for estimating emissions from AFOsdeel to be developedAs part of
the ongoing effort to minimize air emissions frolk@s and to ensure that they comply
with the Clean Air Act and other laws, the US EP#Abished the Animal Feeding
Operations Consent Agreement and Final Order irFtdderal Register in January 2005.
The EPA agrees not to sue participating produaarsdrrent or past emissions in return
for paying a penalty and financially contributirggd monitoring study that will measure
emissions from different operations. The agreemed offered to the poultry (layers,
broilers, and turkeys), dairy, and swine industrieise agreement excluded AFOs that
only have open-air feedlots, such as cattle fesdlot

Goals of the AFO Air Agreement
The primary goals of this agreement as stated &y B05) are:

Reduce air pollution.

Ensure compliance with applicable Clean Air Act,npwehensive Environmental
Response, Compensation and Liability Act (CERCLAJ &nvironmental Planning
and Community Right-to-Know Act (EPCRA) provisiondnder CERCLA and
EPCRA AFOs are required to report any emissionsnafnonia (NH) or hydrogen
Sulfide (HS) exceeding 100 pounds in any 24-hour period.

Monitor and evaluate AFO emissions.

2 National Academy of Sciences. 2003. Air Emissioramf Animal Feeding Operations: Current
Knowledge, Future Needs. National Academies Pk¥sshington, D.C. pp 263
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5.2.2

5.2.3

5.3

5.3.1

Promote a national consensus on methodologies dma&ing emissions from
AFOs.

The Monitoring Study

This two-year monitoring study will enable scietdiso collect and analyze emissions
data and create tools that AFOs could use to etdirtieir emissions, for purposes of
regulatory compliance. Based on EPA criteria, atependent organization will select
farms that represent major animal groups (e.g. swdairy, and poultry), different types
of operations, and different geographic regiondstances to be monitored include PM
(TSP, PMo and PM5s), HzS, VOCs, and N

Following sound scientific principles and using gied instrumentation and methods,
the monitoring study will collect new data from anmber of farms across the country and
will also evaluate existing emissions data fromeotbelected studies that may meet EPA
guality assurance criteria. Together, they wilhficet database to which additional studies
of air emissions and the effectiveness controlrieldgies can be compared.

When the monitoring study is complete, EPA will dimp emissions estimating
methodologies and tools based on data obtained tih@study and other available data.
These tools and methodologies will assist the itrigiusnd EPA in determining the air
compliance status of AFOs. Participating AFOs wikn be required to determine their
emissions and comply with all applicable regulat@guirements.

Conclusions:

There is no methodology outlined in this US EPA rAal Feeding Operations Air
Agreement (2005), therefore it is not an inventory.

The monitoring study results will produce emissiactors

National Air Emissions Monitoring Study (NAEMS) Wwibe run by Purdue’s Al
Heber through the Center for the Environment andlitcost $US 14 million

Alberta Agriculture and Food Air Emission Inven tory for Alberta and
Literature Review

Alberta Agriculture and Food (AF) developed a prgfiary agricultural air emissions
inventory for 2000 for Alberta. This inventory calated emissions by multiplying
emission factors obtained from available the sdieniterature and other sources with
spatially distributed activity data.

Ammonia

Emission factors were based on a "whole animal'r@ggh and not on manure
management practices. Emissions factors for eachahrtategory were derived from
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5.3.2

5.3.3

Battye et al who based his calculations on data from Eufojsmissions from livestock

in Alberta in 2006 were 124, 675 tonnes per yeattl€ emitted 100,020 tonnes per year,
which represents about 85% of total ammonia emssiwom livestock in Alberta.
Ammonia emissions from livestock in 2006 increabgd7% from emissions in 2000.
This increase can be attributed only to the in@eaghe number of livestock since the
emissions factors used in calculating the 2006ritory are the same as those used in the
2000 inventory.

Hydrogen Sulphide

Emission factors were based on a "whole animal'r@ggh and not on manure

management practices. Emissions factors for catié swine were derived from US
EPA’ and NP, respectively. The swine sulphur emissions fastas obtained from the

USDA Agricultural Air Quality Task Force (AAQTF) pert. Sulphur compounds

emissions from livestock in Alberta in 2006 werel2@3 tonnes per year. Cattle emitted
1833 tonnes per year, which represents about 45af #tal sulphur emissions from

livestock in Alberta. Swine emitted 2179 tonnessafphur in 2006, which represents
54.3 % of the total sulphur emissions from live&toctAlberta.

Particulate Matter

Emission factors were based on a "whole animal'r@h and not on manure
management practices. Emissions factors were derikem USDA AAQTF! The
proposed emission factors for Pdvare 2.48 and 0.66 kg/head /year for beef cattte an
dairy cattle, respectively. Emission factors fol Bs were derived from Auvermarth.
The time management practices technique for begdairy cattle for Alberta proposed
by Milligan® was applied. Particulate matter emissions frieestock in Alberta in 2006
were 20397 tonnes per year. RVepresents 81% of total PM emissions and 19%ef th
emissions is PM s Cattle emitted 11,195 tonnes of PM, which repmesabout 55% of
total PM emissions from livestock in Alberta. Swiamitted 4604 tonnes of PM, which
represents about 23 % of total PM emissions framstiock in Alberta. Poultry emitted

® Battye, R., W. Battye, C. Overcash, and S. Fud§®4. Development and selection of ammonia
emission factors. Report No. 68—D3-0034. Washindio€.: U.S. Environmental Protection Agency

* Asman, W. A. H. 1992. Ammonia emissions in Eurdgpdated emission and emission variations.
Report No. 228471008. Roskilde, Denmark: Nationatitute of Public Health and the Environment

® United States Environmental Protection Agency.89%ompilation of air pollutant emission factors
AP-42 8" edition. <http://www.epa.gov/ttn/chief/ap42* Washington DC: USA EPA office of mobile
Service

® Ni, J., A. J. Heber, T. T. Lim, C. A. Diehl. 199€@ontinuous measurement of hydrogen sulfide
emissions from two large swine finishing building¥ritten for presentation at 1999 ASAE/CSAE -
SCGR Annual international meeting, sponsored by B&¥SAE-SCGR, Toronto, Ontario, Canada,
July 18-22, 1999. St Joseph MI: American Societjgficultural Engineers

" Sweeten, J.M, Erickson L., Woodford P., ParneB.CThu K., Coleman T., Flocchini R., Reeder C.,
Master J.R, Hambleton W., Bluhm G., and Trista®0® Air Quality Research and Technology
Transfer White Paper and recommendations for comated animal feeding operationsUnited
States Department of Agriculture Air Quality For@anfined Livestock Air Quality Subcommittee

8 Auverman B. 2001. Personal communication. Texanié M University

° Milligan D, 2001. Personal Communication. Edmonédberta Agriculture
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5.3.4

5.3.5

5.3.6

5.3.6.1

5.3.6.2

4580 tonnes of PM, which represents about 22%taf BM emissions from livestock in
Alberta.

Recommendations

This report contains fourteen recommendations tprave our understanding of the
agricultural impact on air quality in Alberta. Camfiation of cattle emissions factors is
the highest priority as cattle are a primary souofelivestock ammonia and PM
emissions.

Results using AF 2006 (Census 2001)

Table 5-4: Calculated Emissions in tonnes using AFO06 (Census 2001)

Substance Cattle| Swine| Poultry] Sheep Total
Ammonia 100,020/ 20,559 3,027 1,069| 124,675
Sulphur 1,833 2,179 - - 4,012
PMio 9,927 4,276 2,286 - 16,489
PM, 5 1,268 328 2,294 - 3,890

Methodology Limitations

Poor Spatial and temporal resolution:

Seasonal and geographic variations that are negefssaaccurately predicting ambient
concentrations of ammonia and other substancefaeking’® This method does not
provide sufficient resolution to reliably recognigmall changes in management practice
(e.g. a few percent change in slurry applied witv lemission techniques). Temporal
variation in emissions needs to be considered @b mhitigation strategies can be
efficiently targeted throughout the year. Ammoniadaother substances emissions
inventories provide annual total emission estiméai@sed on static emission factors, but
guidance is needed for distributing the emissiom®ss the seasons. Pinder et &f
developed an inventory that accounts for seasarthbaographical differences in climate
and farming practices. Emission factors are catedlaising a process-based model that
accounts for the dynamics of ammonia volatilizatom the effects of coupling different
manure management processes.

High uncertain emissions factors

Emission factors affecting ammonia emissions ingludnimal age, species, weight,
animal housing system, nitrogen content of feedyura storage practices, and manure

10 strader, R., Anderson, N., Davidson, C., 2001.rGeide — CMU NH Inventory Version 2.0.
Carnegie Mellon University, Pittsburgh, PA. httpsWw.envinst.cmu.edu/nh3/

" Gilliland, A., Dennis, R., Roselle, S., Pinder Ryerse Model “Estimation of Seasonal

NH3 Emissions”, AAAR Specialty Conference on Patate Matter and the Supersites Program,
Atlanta, GA. February 7-11, 2005

2 pinder R.W., R. Strader, C.I. Davidson and P.Jams| 2004: A temporally and spatially resolved
ammonia emission inventory for dairy cows in thateleh StatesAtmos. Environ.38, 3747-3756
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5.3.7

5.3.8

application methods. Pindércited Plochl® who reported that estimates of emission
factors are both highly variable and uncertain. Egample, emissions from manure
spread onto fields have been reported to range ft6fb to 120% of the ammonia

applied. Emissions factors used in calculating ahmmission inventories generally do

not account for climate and geography, diurnal saasonal emission patterns, feeding
practices or individual animal management practices

Possible Future Improvements

Improve emission factors for different livestockezgories
Include management practices into the inventorgutation
Improve the confidence of the activity data.

Conclusions
The following concerns were raised by the subgragut this inventory:

The emissions factors were developed somewhere thizue Alberta

The factors do not take into account seasonal t@ams& or management practices
specific to Alberta

In order to be effective, emissions should be gtiadton a county-by-county basis
The emission factors included in the report cartmetised to account for the impact
of manure management

However, the report evaluated the sources of eamsd$actors and ranked them
accordingly. It also provided relevant informatiabout priority substances (NHH.S,
PM) and the methodologies are relatively straighéod.

3 Pinder R.W, N.J. Pekney, R. Strader, C.I. Davig$ad. Adams. 2003. National Inventory for the
United States of Seasonally and Geographically RedcAmmonia Emissions from Dairy Cows. 139-
146 in Air Pollution from Agricultural Operationdl,l Proceedings of the 12-15 October 2003
Conference (Research Triangle Park, North CaradliSd), Publication Date 12 October 2003. ASAE
Publication Number 701P1403, ed. H. Keener

4 Plochl, M., 2001. Neural network approach for nitig ammonia emission after manure
application on the field. Atmospheric Environmebt5833-5841
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5.4

5.4.1

5.4.2

5.4.3

Carnegie Mellon University (CMU), Pittsburg, Am monia Model (2001)
(Procedural program)

Carnegie Mellon University (CMU) developed a conty@esive ammonia emissions
inventory software application that generates amama emission inventory for the

continental United States based on user-definedtinpmission factors and activity

levels are kept in easily modifiable input fifes. The CMU model is a downloadable
computer program that references user-adaptablesemifactors and activity files to

create the emission inventory. The CMU model owpammonia emissions for

numerous source categories for each county of thietl States. The emission factors for
Montana were used.

Model and Assumptions

The following variables were assumed to be unifttroughout the province:

Nitrogen excretion for each animal category
Distribution of housing and manure storage systems
Manure application practice

Emission factors for housing, storage and appbcatvere assumed to be temporally
uniform over the year. (Emission estimates for dbeek production produced by the
CMU model are unvarying from month to month.)

Limitations

These emission estimates are based on the CMU iengssmodel, which relies on
emission factors and various activity data. The CMudel also allocates the emissions
spatially and temporally (by season and by houhefday). This emission factor-based
approach was recently criticized by the Nationasddech Council (“Air Emissions from
Animal Feeding Operations: Current Knowledge, Feittieeds”, 2003). The NRC felt
that the existing emission factors were inadeqbatzause of limited measurements and
that the models for which the emission factors wkeeloped were too limited.

Results

Table 5-5: Estimate of ammonia emissions from CFOperations (CMU model)

Substance Cattle Swine Sheep Poultry
NH; (tonnes) 163,654| 17,415 - -

Bstrader, R., N. Anderson, and C. Davidson. CMU Amiadviodel. Version 3.6 Downloaded from
<http://www.cmu.edu/ammonia/July 7, 2004
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5.4.4 CMU Modified Model
Pindef® modified the CMU model to address these limitatidny calculating monthly,
county-level emission factors based on climate ttmm$ and farming practices. Pinder
developed a process-based, temporally resolved Inob@enissions from a dairy farm to
estimate more accurately the effects of seasonahgds in climate and in farming
practices. Pinder coupled this model with a siaibtmodel to predict the county-level
distribution of manure management practices. Thedified inventory has two
components: the Farm Emissions Model (FEM) and National Practices Model
(NPM).
5.4.5 Conclusions
Part of the work involved in this inventory wasdevelop a model that took into
account seasonal variations.
Another project at University of California at Davis also addressing seasonal
variation for ammonia emissions
Addresses manure management
Addresses seasonal variations
Improved from the EPA ammonia emission inventory
5.5 Model Comparisons

Table 5-6: Model Comparisons

EPA
(Section 5.2)
Process-based model

Alberta Agriculture and Food CMU
(Section 5.3) (Section 5.4)
Emission factor driven Emmdsictor driven
Does not allocate the Does not allocate the emissiong Allocates the emissions
emissions spatially and | spatially and temporally (by spatially and
temporally (by season arnjdseason and by hour of the day). temporally (by seaso
by hour of the day). and by hour of the

day).

=)

174

Table 5-7: Estimate of Ammonia Emissions (tonne$jom CFOs using Three
Different Models

Cattle Swine Sheep Poultry
100,020 20,559 3,027 1,069
AF 2006
EPA Method 138,245 24,612 4,084 1,013
CMU 163,654 17,415 n/a n/a

18 pinder, RW, Adams, PJ, Gilliland, A. “lmprovemetdsRegional Air Quality Modeling
from Recent Advances in Ammonia Emission Inveneyelopment” AAAR
Specialty Conference on Particulate Matter andSthygersites Program, Atlanta, GA.

February 7-11, 2005
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5.6

5.6.1

Spatial Allocation of Agricultural Activity Dat a: Prairie and Northern Region

RWDI West Inc. (RWDI) was retained by Environmergn@da to prepare and assemble
gridded agricultural emission source data in suppbrgridded emission calculation
analyses to be performed by Environment Canadpeag&nvironment Canada Contract
No. KA511-3-1084, RWDI Reference Number W03-213j&ut deliverables include a
report and gridded activity data in database arfdl BRCGIS shapefile) formats on the
accompanying CD-ROM.

The federal government, in co-operation with proiah governments, has been
investigating the impacts of anthropogenic and mratemissions on regional air quality

across western Canada. Regional air quality mogleésiran effective scientific venue to

assess the air quality impacts of these emissimte st is capable of addressing such
complex issues as possible non-linearities betwamission reductions and air quality
improvements. Changes in emissions do not nechssasult in proportional changes in

air quality.

Considerable effort has been made over the past tyears to improve emission data in
the Prairie and Northern Region (PNR). Under Emuinent Canada Contract number
KA511-2- 0654, RWDI allocated activity data for 3Mfferent types of agricultural
activities from the 2001 Agriculture Census to @@EI 4-km model grid. Census data
was provided for each Consolidated Census Diviglo6D) across western Canada.
Although this was the best data available at the fiit is too coarse spatially to resolve
the location of major confined feeding operatioGEQs).

Environment Canada recently obtained point souvestock data for the Old Man River

Basin region from Agriculture and Agri-Food Canadad point source livestock data

from the County of Lethbridge, Alberta. This datepresented as point sources in the
GIS files provided, is considered to be more adeuthan the data from Statistics

Canada, and is to be used for the specified regions

Agricultural Census Activity Data

Two types of agricultural activity data were used this assessment: census data
(purchased by Environment Canada from Statisticea@a) and CFO data, some of
which was provided by Agriculture and Agri-Food @da and some of which was

purchased by Environment Canada from LethbridgenGou

The activity data from Statistics Canada was okthin the form of IVT tables (a unique
Statistics Canada database format) and convertedlBASE |V files, which could then
be used in ARCGIS version 8.3. There are 34 unapiwvity data variable names and
corresponding IVT table column names from whichdh&a was obtained.

The PNR 4-km domain extends into a portion of tlestend of Ontario and north into

the Yukon and Territories. Activity data was ob&dnfor most census divisions in the
western provinces (Manitoba, Saskatchewan, Albartd,British Columbia).
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5.6.2

5.6.3

5.6.3.1

5.6.3.2

Input data was missing (flagged as "suppresseddieq@ confidentiality”) in the records
for some of the CCDs as provided by Statistics @an&or these records, values were
estimated from Census Division (CD) totals, by satiing the known / available CCD
data and apportioning the remainder to the suppdessita records according to the
percentage of the ‘Total Area of Farms’ attributeeach CCD.

During processing, a problem with the ‘Total Ardd=arms’ activity / attribute data was
uncovered. In some cases, the Total Area of Farmtndwde from the IVT tables is
actually larger than the geographical area of tieesponding CCD region. This does
not affect the apportioning of the Activity Datattee unknown CCD regions directly as
the calculation deals strictly with the ratio oftabfarm area. For example, in CCD
‘Sherwood No. 159’ (in Saskatchewan), the ‘Totak&rof Farms’ in the census data
table is 88,930 ha; whereas the total area catnifadbm the corresponding GIS shapefile
is only 68,246 ha, a difference of 20,684 ha.

CFO Activity Data

The point source data for the Old Man River Baggion was used in place of the
corresponding data provided by Statistics Canaea 3ets of point source data were
provided: Old Man River Basin region data from Agiiure and Agri-Food Canada;
and, a more accurate subset of points for Lethbridgm the County of Lethbridge.
Because the activity data was provided from twdedint information sources, the
activity names / descriptors did not result in &-6orone match between the Statistics
Canada and CFO data. Reclassification for thesgiteet was performed using best
judgment and was based on input from Environmema@a and Agriculture and Agri-
Food Canada.

Gridding Methodology

Statistics Canada Data

The process for gridding the Statistics CanadaviigtData to the domain involved the
creation of an ARCGIS coverage of the PNR 4-km dan{éishnet coverage) and
overlaying it onto the Statistics Canada ActivityatB shapefile. The census-based
Activity Data, by CCD, was then apportioned to #hkm grid by first computing a ratio
multiplier, which is the area for the current CG® the current grid cell, divided by the
total CCD area. This results in a decimal valueveen 0 and 1 for each grid cell that can
be multiplied to the corresponding CCD Activity Bdb arrive at the total activity in that
particular grid cell. Gridded Activity Data for thearious CCDs that touch on a given
grid cell were then summed to obtain the totalagtirom all CCDs in that grid cell.

This same process was repeated using the GIS-bassds-division boundaries in place
of the CCDs to generate a similar output but atcesus-division level for subsequent
analysis by Environment Canada.

CFO Data

Because the CFO data was provided as points in ARG@&mat, a slightly different
approach was required. The following steps outtime gridding process used for the
CFO data.

Page 35 of 57



5.6.4

Step 1
All data from the Old Man River Basin dataset thare located within Lethbridge

County were removed so that this data could beaceil with more accurate CFO data
from Lethbridge County.

Step 2
The point sources from the County of Lethbridgeenmerged into the resulting Old Man

River Basin data to arrive at a combined CFO déatase

Step 3
The activity data in the CFO dataset were re-di@sksito match the Statistics Canada
Activity Names.

Step 4
The point source data were overlaid onto the PN&4model grid. The activity for all

points (CFOs) falling within each grid cell was sued to arrive at the total activity from
CFOs in each grid cell.

Step 5
The gridded CFO and Statistics Canada data werentteeged at the grid cell level. The

merge process involved determining the differenetvben the total activity from the
Statistics Canada data and the total activity ftbenCFO data by county. For counties
containing CFO data, the CFO total activity wasgae=d to each grid cell as described
above. If Statistics Canada totals for that cowmmye greater than the sum of the CFO
data, the gridded Statistics Canada values weneceedusing a constant ratio for the
county, such that the combined total of the grid@&® and Statistics Canada data sum
up to the original Statistics Canada total. Theady gridded CFO totals were then added
to the modified gridded Statistics Canada dataiolf, the CFO data were assigned as
described above, with no activity value assignedht remaining (i.e., non-CFO data)
grid cells. This approach was based on the fundehassumption that the CFO data is
the more comprehensive and complete dataset amdadldiang the CFO and Statistics
Canada datasets would result in double-counting.

Results and Deliverables

Maps showing each of the Activity Data variablegevplotted. In addition, a database
file containing multiple tables (one for each Adlyy was provided. Each table contains
one or more records per grid cell, each with thiewong fields:

I-Cell grid coordinate corresponding to the PNRmM-grid

J-Cell grid coordinate corresponding to the PNRgkid

Total gridded Agricultural Activity

CCD name or Census Division (CD) name

CCD Unique identifier (ID) or Census Division (CDhique identifier (ID)
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5.6.5

5.6.6

Summary

This inventory provides a gridded estimate of 3dcadfural activities. For activities with
an established emission factor, it is possible atwudate a grid of emissions. If we
consider the equation:

Emission rate= Emission FactoiX Activity FactorX Control Factor

The RWDI dataset provides the activity factors éb gn actual emission rate. A control
factor of one can be assumed for most agricultacivity (there is no reduction in
emissions by controls) and hence, the emissiorceatéde calculated.

Conclusion

The RWDI report lays the groundwork for emissiamgentory calculations but does not
recommend emissions factors or an appropriate wagtimate the factors.
Consequently, this is not an emissions inventotyhlas the potential for use in
generating emissions inventories when given emmssiactors..
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5.7 Assessment of Potential Environmental Effects o  f Livestock Expansion in

Alberta (Golder Associates, 1999)

This study was conducted for Alberta AgriculturepBl and Rural Development in 1999
by Golder Associatéswith three objectives:

1. Conduct an analysis of potential environmental affeassociated with five
growth scenarios for pork and beef production withiberta.
2. Provide information to guide future analysis of cems associated with growth
scenarios at a local level.
3. ldentify measures that government and industry c¢cdake to accommodate
growth in an environmentally sustainable fashion

Table 5-8: Golder Associates Five Growth Scenaridsxamined 1999 Baseline

Scenario Pork Changes Beef Changes

1 100 % increase in production  No change

2 No change 20% increase in beef cattle (equivalent
15% increase in feedlot production)

3 No change 100% increase in cattle imports to |feed
(equivalent to a 25% increase in feedlot
production)

4 100% increase in production| 20% increase in beattle and 100%
increase in cattle imports to feedlots
(equivalent to a 40% increase in feedlot
production)

5 200% increase in  pork20% increase in beef cows and a 300%

production increase in cattle imports to feedlots
(equivalent to a 90% increase in feedlot
production)

The issues assessed for air quality were:

Ammonia, hydrogen sulphide and aliphatic amine siors
Particulate emissions
Greenhouse gases
Odours

5.7.1 Methodology

The first three issues were assessed quantitativelyile odour was assessed
gualitatively. The quantitative analysis usedrage accounting exercise where animal
populations were adjusted and their emissionsyvi@bbaccordingly. The actual emission
rates were based on emission factors estimateddromal mass and manure output.

' Golder Associates Ltd (1999) Assessment of Paterfinvironmental Effects of Livestock
Expansion in Alberta
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5.7.2

5.8

5.8.1

Calculation of emission increases does not nedgsgaovide a reliable indication for
changes in air quality. (Calculated emissions ateatways directly related and products
of chemical reactions can increase by more or feas emissions depending on the
conditions and chemical species involved). The &Ges under consideration
emphasized the need to mitigate emissions as mscpossible by developing and
implementing best farming practices.

Among the recommendations of this study were puldicsultations to deal with issues
of measurable pollutants and perceived pollutasdsr).

Summary

Addresses 1996 census animal population by cengigsod:

o beef: feedlot, wintering sites, pasture

0 pork: standing population, sow units
Uses a general manure management train with respegtmonia for beef and
pork. Calculations are given for:

o Direct emissions of ammonia from animals

0 Atmospheric losses of ammonia (manure spreading, et
No information on other manure management traisgdees ammonia from beef and
pork
Four emission rates are used for beef: cow, balles, and steers
Information is provided on the amount of CFO emiss compared to other
industries in Alberta
Information is given on how emissions could changer time and the emissions
levels when applying this method

Whitford Dispersion Factor Analyses

Jacques Whitford Environment Limited (Calgary) deped a document for the NRCB
to use the dispersion factor, which is made up hwkéd sub-factors: topography,
screening, and micro-climate. A sensitivity aneyssing a plume dispersion model
involved first choosing what airborne emission todal. From among #$, NH;, and
odour an odour criteria was selected.

Methodology

With information provided by the NRCB, three typ#sCFOs were studied: a 600-sow
farrow-to-finish, 125-head dairy and 4,000 headdlele A satisfying result was that
predicted odours for these three facilities wetatnesly similar to commonly used odour
criteria in different jurisdictions around the wabrl

One conclusion was that emissions from sow farroirish barns represented about

60% of the total facility emissions. Also, emissoappeared less when vertical fans
were used as compared to the use of horizontal fans
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5.8.2

5.9

5.10

5.10.1

It was recommended that the NRCB consider the @gpréor setback distances of New
South Wales, Australia, for one level, and alsoswter the analysis similar to the Purdue
model for a second level of setback assessmerthirdlevel could be a modeling study
incorporating site-specific information on the lay@and emissions of the facility, as well
as topography, screening, and micro-climate factors

Summary

All three facility types are unique to the Albesituation

Modeling and other analysis show how emissions Isewhange with different
rearing/housing and management systems, which ateop manure management
trains

Information on how emissions are predicted to clkeanger time are given
Minnesota Tool and Australian guidelines/assessrasntdetailed showing factors
of size and type of operation, either type of buoigdor management practice, and
number of sources or sites while the Purdue Molels the first two factors, but
not this last factor.

The Purdue, South Australia, and New South Waleamgkes all include
topography and micro-climate factors with screenimgjuded in both Australian
examples.

Poultry Emissions Inventory (Environment Canada ) 2002/03

The poultry cull in the Fraser Valley has providedbundational dataset to evaluate the
impact of a drastic reduction in emissions. To d#éte work has focused on impact
assessment; however, future work is expected tothesalata to evaluate the existing
emissions estimates from poultry production in Braser Valley. Publication of the
results is anticipated in the next few years.

Parkland Airshed Management Zone (PAMZ) Emissi  ons Inventory

The PAMZ Emissions Inventory Report was commissiohg the Parkland Airshed
Management Zone in 2005 and was performed by thag=Gorporation. The report is an
overview of the emissions from all industrial sest@nd most non-industrial sectors
located within the airshed’s zonal boundaries. &méssions inventory includes a section
on the agricultural section but makes no distincti@etween confined feeding operations
and other livestock operations.

The primary purpose of the inventory is to proviki@MZ with data on emission sources
to which air quality can be compared over the lwrgn. The PAMZ funding committee
also uses the information to explore changes amuramements to the association’s
funding formula in an effort to diversify its fumdj base and insure the association’s
long-term sustainability.

Methodology

2001 Statistics Canada data was used to proviagenmation on livestock populations
within the zone through the Alberta Agriculture w&b. The compounds reported
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5.10.2

5.10.3

5.11

5.11.1

5.11.2

include PM, VOCs, NB CH; and NO. The emission factors used were taken from
Asman (1992) for Ngland from Environment Canada (Jacques, 1997) for &@id NO.

PM and THC emissions were estimated by taking #tie of the livestock population
within PAMZ to the provincial total and applyingighratio to values reported in the
Criteria Air Contaminants databa%e.

Results

The results are presented in tables within the rtepnd depicted graphically in a
PowerPoint presentation summarizing the report ltesThere were differences in
reported ammonia emissions noted between the QhatieSasaki report (2000) and the
Focus report. There were increases in ammonia fattle and swine and decreases from
sheep and poultry. The differences have beerbatéd to the different PAMZ borders
that were used for the 2000 report. The borderd use¢he Focus report are the actual
PAMZ borders. Those used in the Chetner and Sasgdort were the conceptual
boundaries developed by a CASA project team.

Conclusions
This work was based on the AF methodology in Sadi@ for the PAMZ airshed.

Agricultural Emissions Categories Available fr ~ om Environment Canada

Environment Canada has several categories of emsanformation that are relevant to
agricultural emissions.

Criteria Air Contaminants Classification

The broad criteria air contaminants (CAC) clasatiien includes Total Particulate Matter
(TPM), Particulate Matter less than or equal tariGrons (PMg), Particulate Matter less
than or equal to 2.5 microns (BN, Sulphur Oxides (SOX), Nitrogen Oxides (NOX),
Volatile Organic Compounds (VOC), Carbon Monoxide®) and Ammonia (NH3).
Provincial summaries of these species are avaikaideare divided into three agricultural
categories:

Pesticides and Fertilizer Application
Agriculture (Animals)
Agriculture Tilling and Wind Erosion

The details for recent years, including projectiem2015 (spring 2007), are available at
http://www.ec.gc.ca/pdb/cac/Emissions1990-2015/simms1990-2015e.cfm

National Pollutant Release Inventory

Highly detailed emissions information is also aahié in the National Pollutant Release
Inventory®; however, the information is primarily focused moint sources or individual

18 Criteria Air Contaminants Home Pagmtp://www.ec.gc.ca/pdb/cac/cac_home_e.cfm
19 National Pollution Release Inventory Home Paun://www.ec.gc.ca/pdb/npri/npri_home_e.cfm
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5.11.3

5.11.4

operations that emit a wide variety of pollutanéydnd established threshold levels. At
this time, there are no individual farms identifiedthis inventory and only agricultural
support organizations identify manufacturing enassi for farm products (such as a
fertilizer manufacturing plant). The data is noedtly applicable to the development of
an emissions inventory from confined feeding openst but it provides context for
agricultural emissions. This permits inference wbthe relative significance of
agricultural emissions on a local, region and matidevel. For example if an individual
operational or a collection of operations accourivec small percentage provincially but
the vast majority locally the area of impact anddeethe breadth of concern is indicated.
A strategic plan has to be certain that it accotortshe appropriate scales.

Inventories for Air Quality Modeling

Environment Canada also generates national emigsientories primarily in support of
air quality modeling. These inventories facilitatecorporation of point (individual
sources, such as factories) and area sources goostilture falls in this category). The
species of interest to agriculture are shown inl@&b9. This inventory provides direct
values of PMs emissions and Niemissions attributable to agriculture but does not
explicitly address sulphur or bioaerosols and adgtains a subset of VOCs. Similar to
the information from the National Pollutant Reledseentory described above, the air
guality modeling inventories could be used to ptbeentext for agricultural emissions.

Table 5-9: Environment Canada Emissions Inventorie$or Agriculture

Abbreviation Units Description
NR moles/s CB4 nonreactive VOC
OLE moles/s CB4 olefins species
PAR moles/s CB4 paraffins species
TOL moles/s CB4 toluene species
XYL moles/s CB4 xylene species
NH3 moles/s Ammonia
SO, moles/s Sulphur dioxide
PEC gls Elemental carbon of RM
PMFINE gls Crustal/other of PM
PNG; gls Primary nitrate of Ppj
POA gls Organic carbon of RM
PSQ gls Primary sulphate of P
PMC g/s Coarse PM (PM— PM;5)

Broad Cateqgories

The species of interest to agriculture can be @wichto a number of broad categories:

Oilseed & Grain Farming

Vegetable & Melon Farming

Fruit & Tree Nut Farming

Greenhouse, Nursery & Floriculture Production
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Other Crop Farming

Cattle Ranching & Farming
Hog & Pig Farming

Poultry & Egg Production
Sheep & Goat Farming
Animal Aquaculture

Other Animal Production

5.11.5 Detailed Categories

The broad categories can be further subdivideddetailed categories as follows:

Soybean Farming

Oilseed (exc. Soybean) Farming

Dry Pea & Bean Farming

Wheat Farming

Corn Farming

Rice Farming

Other Grain Farming

Potato Farming

Other Vegetable (exc. Potato) & Melon Farming
Orange Groves

Citrus (exc. Orange) Groves
Non-Citrus Fruit & Tree Nut Farming
Mushroom Production

Other Food Crops Grown Under Cover
Nursery & Tree Production

Floriculture Production

Tobacco Farming

Cotton Farming

Sugar-Cane Farming

Hay Farming

Fruit & Vegetable Combination Farming
All Other Misc. Crop Farming

Beef Cattle Ranching & Farming, inc. Feedlots
Dairy Cattle & Milk Production

Hog & Pig Farming

Chicken Egg Production

Broiler & Other Meat-Type Chicken Production
Turkey Production

Poultry Hatcheries

Other Poultry Production

Sheep Farming

Goat Farming
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Animal Aquaculture
Apiculture
Horse & Other Equine Production

Fur-Bearing Animal & Rabbit Production
Livestock Combination Farming

Page 44 of 57



6.1

Source Apportionment and Receptor Modeling Option S

The overall objective of receptor modeling is seurapportionment.  Source
apportionment will identify the dominant sourcestticontribute to the characteristics
observed in a given area and estimate the magnatitteeir contribution. This can be
done by simultaneously considering the location aaitire of probable sources with the
nature of atmospheric transport and diffusion hermixture of chemicals observed at the
area of interest (receptor) or a combination.

Chemistry Approaches

Chemical source apportionment uses a set of mahshemical parameters to infer the
probable sources. This is easiest when it is plessibtect the presence of an unusual
chemical or group of chemicals produced by a lichitmimber of known sources. A
specific example would be the presence of the Wela@drganic Compound (VOC)
acetonitrile, which is a marker of biomass fire &mo More frequently, the chemical
signature is a series of chemicals that occur @tifip relative concentrations. To further
complicate the process, many of the chemical spetieasured come from multiple
sources; although, in different relative ratios.n€equently, sophisticated statistical
methods are necessary to identify sources and aepaut the relative contributions.
Several methods are available including: Chemicas#1Balance (CMB), Principal
Component Analysis (PCA) and Positive Matrix Faig@ation (PMF).

Chemical measurements identify the compositiorhefdub-set of interest (e.g. the total
composition of particulate matter). The PMF and R@éthods require a large number of
samples (about 100) with a large number of resobpgaties (more than 75% of the total
mass), while the CMB method requires fewer sampldsdepends on detailed source
profiles (typical emission profiles) for the sousde be resolved.

Table 6-1: Advantages and Disadvantages of ChemigtApproaches

Advantages Disadvantages

Widely used and understood in theRequires long period of record, or in the
science community, good credibility case of CMB, detailled chemica
information on all sources

\"&4

Resolves relative contribution of source$ Requaealysis for multiple chemicals
and offers meaningful contributio
estimates only if all mass is chemically

—J

characterized
Sophisticated analysis allows estimatipnNot easy, requires experience or statistital
of error expertise
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6.2

6.3

6.4

Meteorology Approaches

The potential contribution from known sources canitiferred by evaluating the flow
patterns into an area. This is usually done byyainaj trajectories or particle paths to a
receptor site. This method relies on analyzed mekegical fields to determine probable
flow into an area. This can be analyzed for pastenmd trends by time of day and season.
Meteorological fields represent the atmospheréhatground and aloft over a period of
time.

Table 6-2: Advantages and Disadvantages of Meteoagy Approaches

Advantages Disadvantages

Widely used and understood in the scien@an only provide as much detail as is in the
community meteorological record

Relatively easy to generate analysis

Provides gépattern but no specifics

Meteorological data is readily available

Qualitatrather than quantitative

Combinations

Observations of chemicals and flow patterns candmbined to provide insight into the
relative contribution from different areas. Thisvides the data at the receptor into
categories (stratifies the data). Observed vataesthen be associated with geographical
source regions. The species of interest can beradd with high time resolution; this
method is particularly well suited to hourly datdne method uses meteorological fields
and calculated back trajectories.

Table 6-3: Advantages and Disadvantages of Combiriah Approaches

Advantages Disadvantages

Widely used and understood
science community

in theCan mislead by unusual data (outliefs)
and small data sets

Provides good indicator of sourgeOnly provides general idea of sourg¢e
regional areas associated with categotieareas not specific contributors.
of observations

Can be used with observations of opds not useful for small-scale local effects
chemical only - e.g. ozone studies, regional scale only

Physical Modeling Approaches

Another approach is to use computer representatibtiee meteorology and chemistry to
model the emissions, transport and end values. ¢tonis from individual sources can be
electronically tagged for tracing. Furthermordfetent model simulations can be run
with emissions on or off from various sources dmehtthe results can be compared. The
method requires meteorological data fields to fulpscribe atmospheric motion and a
detailed inventory of all emissions and how thegyva time and space.
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6.5

6.6

Table 6-4: Advantages and Disadvantages of Physiddlodeling Approaches

Advantages Disadvantages

Widely used and understood in thelLarge computational expense
science community

Can test numerous theories Each test requires demjime

Wealth of data Real limits to the ability to modgl
emissions, meteorology and atmosphefric
chemistry

Expertise in this area more common thprLarge time demand to analyze results.
with other receptor models

Summary

A wide variety of tools is available to study arttemtify sources that contribute to the
atmospheric chemistry at a given point (recept®ome of the tools provide large scale,
broad overviews while others start to give detailedications of probable sources and
their relative contribution. Choosing the correggpeach requires a detailed specification
of the objective(s) and the relative importanceifferent aspects.

Recommendations

The CFO team should encourage Alberta Environmewlt Bnvironment Canada to
consider incorporating a source apportionment carapbto modeling studies conducted
over areas with existing or anticipated intensivedtock production.

The CFO team should encourage Alberta EnvironmeahtAgriculture, and Environment
and Agriculture Canada to conduct some specifidietu in areas with intensive
agriculture using suitable source apportionmenthods to estimate the relative impacts
of agricultural and other emissions in a local area
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Glossary of Acronyms

AAMD&C Alberta Association of Municipal Districtsral Counties

AAP Animal Allocation Processor

AAQTF US Department of Agriculture Agricultural AQuality Task Force

AENV Alberta Environment

AF Alberta Agriculture and Food

AFO Animal Feeding Operation

AOPA Alberta Agricultural Operations Practices Act

CAC Criteria Air Contaminants

CASA Clean Air Strategic Alliance

CCD Consolidated Census Division

CD Census Division

CERCLA Clean Air Act, Comprehensive EnvironmentaksRonse, Compensation
and Liability Act

CFC Chlorofluorocarbon

CFO Confined Feeding Operation

CMB Chemical Mass Balance

CMU Carnegie Mellon University

El Emissions Inventory

EMS Earthen Manure Storage

EPA US Environmental Protection Agency

EPCRA Environmental Planning and Community Righihow Act

FC Fluorocarbon

FEM Farm Emission Model

GHG Greenhouse Gases

HCFC Hydrochlorofluorocarbon

MMT Manure Management Train

MWPS Mid West Plan Service

NOX Nitrogen Oxides

NPM National Practices Model

NPRI National Pollutant Release Inventory

NRC National Research Council

NRCB Natural Resource Conservation Board

PAMZ Parkland Airshed Management Zone

PCA Principal Component Analysis

PM Particulate Matter

PMF Positive Matrix Factorization

PNR Prairie and Northern Region

QA/QC Quality Assurance and Quality Control

RSC Reduced Sulphur Compound

SOX Sulphur Oxides

TPM Total Particulate Matter

TRS Total Reduced Sulphur

TSP Total suspended Particle

USDA US Department of Agriculture

VFA Volatile Fatty Acid

VOC Volatile Organic Compound

Page 48 of 57



Appendix A — Emissions Inventory Subgroup Terms of
Reference

The CASA Confinded Feeding Operations Project Té@mO) team agreed to form a
subgroup to address the matter of an emissionsitione

The CASA CFO Project Team’s goal is to:
The CASA Confined Feeding Operations Project Tedimverk within the CASA
consensus process to develop a strategic plan poowe the management of air
emissions from existing and future CFOs in Albama to improve relationships
between stakeholders.

In developing the plan, the team will considerfilowing principles:

Continuous improvement and pollution preventiopratect air quality
Prevention of short and long-term adverse effectshaman, animal and
Ecosystem health due to air emissions

Assurance that air quality recommendations maxinspeial, economic,
environmental and health benefits and minimize apcieconomic,
environmental and health costs

The goal of the Emissions Inventory Subgroup is to:
The CFO Emissions Inventory (El) Subgroup will jpdevadvice to the CFO
Project Team on emissions inventories, to helpRhgect Team develop their
strategic plan on air emissions from CFOs. If apate, the subgroup will also
oversee the development of the best Alberta CFGs@ms inventory possible for
the substances that the project team reaches censam.

In providing advice to the team, the subgroup walhsider the following points.
- Emissions inventories are just one part of the Gé&@am’s work plan.

Emissions inventories are just one tool for assesair quality.
There are limitations on certainty of inventory uiéts.
It is acknowledged that each CFO can be unique andinventory
exercise would require generalizing to some extent.
Duplication of work should be avoided; availabletalashould be used
where possible.
Any new inventory developed should reflect theuangss of the Alberta
situation.

One of the key tasks for the subgroup is to progeidemmary report for the project team
on existing emissions inventories related to CR@suding:

Background information on emissions inventories

The methodology used in the inventories
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The gaps and uncertainties in the methodology andésults of the
inventories

The estimated amounts of emissions from CFOs
Any conclusions drawn and/or recommendations madienjprovement

If available, the information provided on the ambwh CFO emissions
compared to other industries in Alberta

If available, information on how emissions levelamge with different
rearing/housing and management systems

If available, information on how emissions havergfed or are predicted
to change over time
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Appendix B — Alberta Association of Municipal Distr icts
and Counties (AAMD&C)

Confined Feeding Operations Survey
Introduction:

Clean Air Strategic Alliance:

The Clean Air Strategic Alliance (CASA) was estabéd by Ministerial Order as
an advisory committee under tBavironmental Protection and Enhancement Act
and theEnergy Actto undertake and report on recommended stratégiassess
and improve air quality in Alberta.

CASA is a not-for-profit association where the wagkachieved largely through
the participation of multi-stakeholder teams congubsf representatives selected
by industry, government (Provincial, Federal andnMipal) and non-government
organizations. One such team is the Confined lRge@perations Team (CFO
Team).

CFO Team:

The CFO Team was formed in 2005 and works withiea @ASA Consensus
process to develop a strategic plan to improventaeagement of air emissions
from existing and future CFOs in Alberta and to roye the relationships
between stakeholders. In support of their worle BFO Team formed a
subgroup team: the CFO Emissions Inventory (El)gbalp. The primary task
of the subgroup is to oversee the development ofllberta CFO emissions
inventory.

Emissions Inventory:

The inventory is seen as an important prerequisitethe development of
recommendations and strategies. The survey wsiisbsis in more accurately
assessing attribution to certain kinds of emissigngting CFO emissions in
context with outer sources of similar emissionspngizing various identified

strategies; and using the data to assist them a@suonimg their success.

Request of the AAMD&C:

To assist the CASA process, we are asking memisecites of the AAMD&C
to answer the attached questionnaire.
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Questions

1.

Does your municipality have records of the CFO/ILiBat have been developed
in your area? Yes () No ()

Did you issue development permits for these opama®t  Yes ( ) No ()

If you have records, do they include the number type& of livestock on the
CFO/ILOs? Yes () No ()

Do your records include information on the housargl manure management
systems on the CFO/ILOs? The following informatiwauld be useful for the
emissions inventory:

a) Barn or outdoor pens Yes () No ()
b) Liquid or solid manure system Yes () No ()
c) In barn or outside manure storage Yes () No (
d) Land base proposed for manure application Yes( ) No ()

e) Injection of liquid manure Yes () No ()

f) Incorporation of manure after application Yes () No ()

In what format are your records held (electronaper files) and organized?
Yes () No ()

Would the files be in a format that would be repditcessible to a representative
of the CFO Emissions Inventory Subgroup? Yes () No ()

Thank you in advance for your cooperation in thiatter. If you should have any
questions or concerns please contact:

Mr. Andre Tremblay
Director of Advocacy, Policy and Communications
780-955-4079

or

Mr. Eugene Wauters, AAMD&C
Director, District 1
403-327-9174
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Appendix C — Maps and data from the 2001 Agricultur  al
Census for Alberta

The following maps are centered on the Lethbridga.aThe maps portray calculated
ammonia emissions using the gridded agriculturvigg data from RWDI and emission

factors from Chetner and Sasaki. The RWDI studyduS&ats Canada 2001 census
information to infer agricultural activities enhamg this dataset with additional activity
data available from the county of Lethbridge. THeta was extrapolated onto a four
kilometer grid with animal population densities wasll as many point sources with

animal populations at the given operation. Chetaed Sasaki provide estimates of
ammonia emissions per animal by type. Animal desssiand the emission factors per
animal allow emission estimates to be calculatetimapped.

Ammonia Emissions from All Livestock in the Lethiige area
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Ammonia Emissions from Cattle in the Lethbridgesare
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Ammonia Emissions from Swine in the Lethbridge area
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Ammonia Emissions from Poultry in the Lethbridgeaar
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Appendix D - Emissions Inventory Subgroup Members

Name Organization

Atta Atia Alberta Agriculture and Food

Ann Baran Southern Alberta Environmental Group

Rob Bioletti Alberta Environment

Matthew Dance Clean Air Strategic Alliance

Ahmed Idriss Alberta Environment

Jim McKinley Government of Alberta

Kevin McLeod** Clean Air Strategic Alliance

Debra Mooney* Alberta Health and Wellness

Usha Mulukutla Calgary Health Region

Bob Myrick* Alberta Environment

Rients Palsma* Alberta Milk

Carmen Rieder Consultant

Barbara Shackel-Hardman*  Alberta Agriculture arddF

Ross Warner Society for Environmentally Responsible
Livestock Operations (SERLO)

Kevin Warren Parkland Airshed Management Zone &
Peace Airshed Zone Association

Eugene Wauters Alberta Association of MunicipaltBiss

Brian Wiens Environment Canada

* Denotes corresponding member
** Denotes project manager
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