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Abstract
The following research presents a case study of potential approaches that could be
applied when creating a community GHG inventory for a Canadian biosphere reserve – a
geographic scale which has not been explored before for an inventory of this type. A partial
carbon footprint that focusses on four key emission sources was created using the Frontenac Arch
Biosphere Reserve of Southeastern Ontario as a study area. Unique approaches that combine the
use of GIS data with readily available surrogate data from statistical surveys were applied in
order to surmount recognized challenges associated with boundary setting and data collection. In
most cases, the results showed a typical trend where community size and dispersion were the
main determinants for the significance of emissions generated by community members in
different municipalities. Unique factors such as dwelling type, demographics, and rural-urban
divide were also found to be important indicators that impacted emissions as well. Potential
approaches for mitigating emissions were provided based on the findings, and a discussion
regarding the potential financial benefits that quantifying emissions could have for a biosphere
reserve in the long term were noted.

ii

Acknowledgements
I would like to take this opportunity to thank my Supervisory Committee consisting of Dr.
Graham Whitelaw (Queen’s University), Dr. Adam Fenech (University of Prince Edward Island),
and Dr. Neal Scott (Queen’s University) for their invaluable advice and support throughout the
creation of this thesis. Each of their research backgrounds helped to guide this study in the
direction that it has gone. I would also like to thank Don Ross and Sarah Matheson of the
Frontenac Arch Biosphere Reserve whose guidance was integral in attaining an understanding of
the region of study and facilitating communication between different relevant stakeholders during
the early phases of this research. I would also like to acknowledge the outstanding research
environment at Queen’s University which I believe assisted in pushing me towards attaining new
heights with regards to how I think and conceptualize new ideas, and I believe that these skills
will surely remain with me for the rest of my life as I approach research in the future.

I would also like to thank my family and friends for all of their support throughout my studies. To
my parents who sacrificed a lot to give my siblings and I an opportunity for a better education and
livelihood. It was because of them that I was able to begin and end this journey. Last, but not
least, I would like to thank God for all the good things that He has given me. As a devout
Muslim, I recognize that there is neither strength nor capability except with the Help of God and
to that I say: “Al-Hamdu lillah” (“The Praise is for God”)!

iii

Table of Contents
Abstract ............................................................................................................................................ ii
Acknowledgements ......................................................................................................................... iii
List of Figures ................................................................................................................................. vi
List of Tables ................................................................................................................................ viii
List of Abbreviations ...................................................................................................................xiiii
Chapter 1 Introduction ..................................................................................................................... 1
Chapter 2 Literature Review ............................................................................................................ 4
2.1 GHG Inventories………………………………………………………………………4
2.1.1 National Inventories……………………………………………………………….5
2.1.2 Corporate and Institutional Inventories……………………………………………8
2.1.3 Community Inventories…………………………………………………………..12
2.2 Review of Municipal GHG Inventory Reports ……………………………………...22
2.2.1 The Partners in Climate Protection (PCP) Program…………………………….22
2.3 Conclusions ………………………………………………………………………….25
Chapter 3 Methods ......................................................................................................................... 26
3.1 Boundary Setting…………………………………………………………………….26
3.1.1 Geographic Boundary……………………………………………………………27
3.1.2 Temporal Boundary………………………………………………………………29
3.1.3 Organizational Boundary – The Geographic Approach………………………….30
3.1.4 Operational Boundary……………………………………………………………30
3.2 Data Collection and Calculations……………………………………………...……..33
3.2.1 Household Count…………………………………………………………………33
3.2.2 Energy Use……………………………………………………………………….35
3.2.3 Transportation…………………………………………………………………….41
3.2.4 Waste Management………………………………………………………………45
3.2.5 Agriculture……………………………………………………………………….50
Chapter 4 Results ........................................................................................................................ ...55
4.1 Energy Use…………………………………………………………………………...55
4.2 Transportation………………………………………………………………………..61
4.3 Waste…………………………………………………………………………………62
4.4 Agriculture…………………………………………………………………………...65
4.5 Overall………………………………………………………………………………..69
iv

Chapter 5 Discussion ..................................................................................................................... 71
5.1 Implications for Practice……………………………………………………………..71
5.1.1 Implications of Results…………………………………………………………...71
5.1.2 Forecasting and Target Setting…………………………………………………...75
5.1.3 Potential GHG Mitigation Strategies and Implications for Sustainable
Development…………………………………………………………………...75
5.1.4 Funding Opportunities for Biosphere Reserves………………………………….80
5.2 Implications for Theory – Approaches and Methods………………………………...82
5.3 Recommendations……………………………………………………………………83
5.3.1 Methodological Improvements & Data Sources…………………………………83
5.3.2 Areas of Future Research………………………………………………………...88
5.4 Summary……………………………………………………………………………..91
Chapter 6 Conclusion................................................................................................................... ..93
Bibliography (or References) ......................................................................................................... 94

v

List of Figures
Figure 1: Scope Categories as outlined in the GHG Reporting Protocol……………..…...……..9
Figure 2: Diagram of a typical septic system. (Diaz-Valbuena et al, 2011) ……….……………20
Figure 3: Study Area - Frontenac Arch Biosphere (FAB) Reserve in Southeastern Ontario. …..27
Figure 4: Municipalities located within the FAB Boundary. ………………...………………….28
Figure 5: Typical schematic for a biosphere reserve..……...……………………………………28

Figure 6: Map showing the municipalities located within the FAB as well as their respective
Census Dissemination Areas (DAs). ……………………..………………………………………34

Figure 7: Image from Google Earth showing municipal facilities in Athens, Ontario, that are
located at the edge of FAB boundary (denoted by the red line)..…...……………………………41
Figure 8: Default methane correction factors attained from 2006 IPCC Guidelines. …………...48

Figure 9: Map of the Census Consolidated Subdivisions(CCS) located within the Frontenac Arch
Biosphere (FAB) Reserve. This is the scale to which the Census of Agriculture is divided ….…51

Figure 10a: Relative makeup of the different archetypal categories in the FAB….…………….56

Figure 10b: Relative contribution of the different census dwelling types to the overall GHG
emissions from the residential sector.……………………………………………..……………...56

Figure 11: Relative contributions of municipalities within the FAB to GHG emissions from
residential buildings……...……………………………………………………………………….57

Figure 12: Relative GHG emissions due to energy use from the commercial/industrial buildings
within the different municipalities within the FAB. ……………………………………………..58
vi

Figure 13: A pie chart showing the relative amount of emissions generated from different
municipal building types within the FAB based on primary data. ………………………………60

Figure 14: A pie chart showing an overall comparison of emissions from residential,
commercial/industrial, and municipal buildings within the FAB………………………………...60

Figure 15: A graph of the relative amount of money spent on fuel by different household types
within the FAB. …….…………………………………………………………………………….62

Figure 16: A pie chart showing the relative contribution of each community within the FAB to
the overall amount of GHG emissions generated due to wastewater treatment (WWT). ………..64

Figure 17: The relative percentage of GHG emissions due to livestock management from the
different communities within the FAB. ………………………………………………………….66

Figure 18a: Estimated GHG emissions due to enteric fermentation of cattle livestock within the
FAB in the year 2011. ……………………………..……………………………………………..66

Figure 18b: Estimated GHG emissions due to manure management of cattle livestock within the
FAB in the year 2011. …………………..………………………………………………………..67

Figure 18c: Estimated GHG emissions due to enteric fermentation of non-cattle livestock within
the FAB in the year 2011. ………………………………………………………………………..67

Figure 18d: Estimated GHG emissions due to manure management of non-cattle livestock
within the FAB in the year 2011. ………………………………………………………………..68

Figure 19: A pie chart of the relative percentage of GHG emissions produced from the different
municipalities within the FAB. ………………………………………………………………….70

Figure 20: A representation of the relative percentage of GHG emissions generated from the
four main emission sources measured for the region. ……………………………………………70
vii

List of Tables
Table 1: Categorization of the types of data sources used by Ontario municipalities that have
reported to the PCP program with the FCM ………………………………….............................24
Table 2: Emission sources and activities to be explored within the FAB. ………………………31

Table 3: Other potential emission sources that should be explored but could not be due to time
and data constraints. ………………………………………………………………………….......32
Table 4: Breakdown of the number of different households within the FAB……………..……..34

Table 5: Stats Can Household Types were divided into 4 representative archetypes used by
NRCAN when classifying different residential properties based on energy
consumption..…..............................................................................................................................36

Table 6: Estimated Energy and GHG Intensities for the different archetypes outlined in the
NRCAN Comprehensive Energy Use Database. …………………………………………….…..37

Table 7: Estimated GHG emissions (tonnes of CO2-equivalents) per household type in the
biosphere reserve………...………………………………………………………………….........37
Table 8: Estimated # of Businesses in the FAB based off of Stats Can’s Survey of
Businesses. ……………………………………………………………………………………….38

Table 9: Estimates using the Stats Can Survey of Businesses were verified against Canada Post
estimates and were found to correlate quite well…………………………………………………38

Table 10a: Estimates of the average amount of electricity (in kWh) used per business in each
municipality in the Frontenac Arch Biosphere Reserve (FAB) …….…………………………....39

Table 10b: Estimates of the amount of electricity used (in kWh) by municipalities intersected by
the FAB boundary………………………………………………………………………………...39
viii

Table 11: Estimated fuel mix amongst municipal buildings within the Frontenac Arch Biosphere
Reserve (FAB) based on primary data attained from municipal GHG inventory reports…….…39

Table 12: A combination of the household demographics found within the municipalities located
wholly within the FAB attained from 2011 Census data ………………………………………...42

Table 13a: Estimated amount of money spent on vehicle fuel by residents living within the
FAB. ……………………………………………………………………………………………...43

Table 13b: Estimated amount of money spent by residents located in the municipalities
intersected by the biopshere reserve boundary. ………………………………………………….43

Table 14a: Average fuel prices in Ontario for 2011.…………………………………………….43

Table 14b: Relative amounts of gasoline and diesel sold in communities within Ontario in the
year 2011. ………………………………………………………………………….……………..43

Table 15: Estimated amount of fuel purchased and used (in litres) for each municipality located
within the Frontenac Arch Biosphere (FAB) Reserve …………….……………………………..44
Table 16a: Emission factors for gasoline and diesel powered vehicles in Ontario. …………….44

Table 16b: Global warming potential for the three main GHGs: carbon dioxide, methane and
nitrous oxide. ……………………………………………………………………………………..44

Table 17: Estimates regarding the amount of waste landfilled from regular and seasonal residents
with the FAB……………………………………...………………………………………………46

Table 18: Estimates regarding the proportion of the population that would be considered to be
seasonal in the intersected municipalities. ……………………………………………………….46

Table 19: The estimated amount of waste generated from regular and seasonal residents as well
as the estimated overall amount of waste landfilled by the communities within the FAB. ……...46
ix

Table 20a: Factors utilized for estimating emissions from the sewage lagoons in Westport and
Gananoque as well as the emissions from the anaerobic digesters from the wastewater treatment
plant in Brockville………………………………………………………………………………...49

Table 20b: Factors utilized for estimating emissions from the portion of the population utilizing
septic systems. ……………………………………………………………………………………49
Table 21a: Average number of Cattle Farms in each one of the CCS areas within the FAB. …..51

Table 21b: Average number of Non-Cattle Farms in each one of the CCS areas
within the FAB……………………………………………………………………………………52

Table 22a: Table showing the number of cattle farms within the region of study determined by
multiplying the Farm Density by the Land Area (LA) within the FAB determined through use of
GIS…………………………………………………………………………………………….… 52

Table 22b: Table showing the number of non-cattle farms within the region of study determined
by multiplying the Farm Density by the Land Area (LA) within the FAB determined through use
of GIS……………………………………………………………………………………………..52

Table 23a: Average number of cattle livestock per farm within the region as determined from the
2011 Census of Agriculture. ……………………………………………………………………..53

Table 23b: Average number of non-cattle livestock per farm within the region a determined from
the 2011 Census of Agriculture. …………………………………………………………………53

Table 24a: The estimated number of cattle livestock within the FAB determined through use of
GIS and Census of Agriculture data. …………………………………………………………….53

Table 24b: The estimated number of non-cattle livestock within the FAB determined through use
of GIS and Census of Agriculture data. ………………………………………………………….54

Table 25: Emissions Factors from Environment Canada for enteric fermentation and manure
management of different livestock types in Canada. …………………………………………….54
x

Table 26: Estimated GHG emissions (in tonnes of CO2-equivalents) generated from residential
properties within the FAB for the year 2011. Divided by household type and municipality. …...55
Table 27: Estimated emissions from commercial/industrial buildings within the FAB. ………..58

Table 28: Estimated GHG emissions from municipal buildings within the FAB as well as their
relative fuel consumptions as determined from primary data attained from municipal inventory
reports. …………………………………………………………………………………………...59

Table 29: Estimated GHG emissions from passenger vehicle transportation for each community
within the FAB. The values are divided into different GHG types as well as the expected
concentration over time based on their expected atmospheric residency. ……………………….61

Table 30: Estimated GHG emissions expected to have been produced due to the decay of waste
that has been landfilled within the community. ………………………………………………….63

Table 31: Estimated GHG emissions from wastewater treatment processes for each community
within the FAB boundary…..……………………………………………………………………..64

Table 32: The estimated amount of GHG emission generated from non-cattle and cattle livestock
within the FAB for the year 2011 divided into each of their respective municipalities...………..65

Table 33: Estimates regarding the overall GHG emissions generated from the four key emissions
sources within the FAB in tonnes CO2-e. .……………………………………………………….69
Table 34: A summary of the focus areas and mitigation strategies derived from the results of this
study. ……………………………………………………………………………………………..92

xi

List of Abbreviations

AFOLU – Agriculture, Forestry and Other Land Use
BOD – Biological Oxygen Demand
CCP – Cities for Climate Change Protection
CCS – Census Consolidated Subdivision
CF – Carbon Footprint
CH4 – Methane
CO2 – Carbon Dioxide
CO2-e – Carbon Dioxide Equivalent
CSD – Census Subdivision
DA – Dissemination Area
EF – Emission Factor
EPA-WARM – Environmental Protection Agency Waste Reduction Model
EUROMAB – European Man and the Biosphere Programme
FAB – Frontenac Arch Biosphere
FCM – Federation of Canadian Municipalities
GHG – Greenhouse Gas
GIS – Geographic Information Systems
GWP – Global Warming Potential
HFC – Hydrofluorocarbon
ICLEI – International Council for Local Environmental Initiatives
IEAP – International Local Government GHG Emissions Analysis Protocol
IOA – Input-Output Analysis
IPCC – Intergovernmental Panel on Climate Change
xii

IPPU – Industrial Processes of Product Use
kWh – kilowatt hours
LA – Land Area
LCA – Lifecycle Assessment
MAB – Man and the Biosphere
MC – Methane Commitment
MCF – Methane Correction Factor
MPAC – Municipal Property Assessment Corporation
MURB – Multi-Unit Residential Buildings
N2O – Nitrous Oxide
NRCAN – Natural Resources Canada
PCP – Partners in Climate Change Protection
PFC – Perfluorcarbon
SF6 – sulfur hexafluoride
Stats Can – Statistics Canada
SWM – Solid Waste Management
TOW – Total Amount of Organic Waste
UNESCO – United Nations Educational, Scientific and Cultural Organization
UNFCCC – United Nations Framework Convention on Climate Change
VMT – Vehicle Miles Travelled
WBCSD – World Business Council for Sustainable Development
WDO – Waste Diversion Ontario
WIP – Waste-In-Place
WRI – World Resource Institute
WWT – Wastewater Treatment
xiii

Chapter 1
Introduction
In the aftermath of the Earth Summit of 1992 which led to the creation of the United Nations
Framework Convention on Climate Change (UNFCCC) as well as the subsequent ratification of the
Kyoto Protocol, nations had agreed to quantify, manage and reduce their greenhouse gas (GHG)
emissions by the year 2020 (UNFCCC, 1992). To facilitate these inventories, efforts have been made over
the last 20 years to develop methods for quantifying GHG emission sources and sinks within a geographic
area. A GHG is a gaseous atmospheric constituent which has been found to increase the radiative forcing
of the atmosphere resulting in the phenomena known as global warming and the global climate change
associated with it. This category of gases includes: carbon dioxide (CO2), methane (CH4), nitrous oxide
(N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and sulfur hexafluoride (SF6) (IPCC,
1990). A GHG emissions inventory (sometimes referred to as a “carbon footprint”) is a quantification of
all GHGs generated within a specific geographic or institutional boundary over a specific time period that
is used to benchmark and create plans for reducing emissions into the future (ISO 14064-1, 2006). Based
on the well-known and oft-repeated management principle that “what gets measured gets managed”
(Drucker, 1954), the creation of a GHG inventory has become a common first step towards being able to
strategically manage anthropogenic influences on climate change. A variety of methodologies for creating
GHG inventories have been developed and employed at different scales ranging from the institutional
(ISO 14064-1, 2006), to the corporate (WRI/ WBCSD, 2004), to the regional (ICLEI, 2009; Kennedy et
al., 2010) and to the national (IPCC, 2006). However, the idea of applying these methods at the scale of
the “biosphere reserve” is one that has yet to be explored.

The biosphere reserve concept originates from the UNESCO Man and the Biosphere (MAB)
Programme which was established in the year 1970 after the 1968 Conference on the Rational Use and
1

Conservation of the Resources of the Biosphere (Batisse, 1986). The purpose of the MAB Programme
was originally “to promote and recognize the ideals of conservation – set within a larger landscape
context of ‘rational’ resource use, and supported and informed by interdisciplinary research, monitoring,
and educational activities” (Francis & Whitelaw, 2004). However, over time, the purpose of the biosphere
reserves has become more broad with the objective of utilizing them as “‘models’ of land/resource
management and of approaches to sustainable development in human-dominated or even peri-urban
settings” (Francis & Whitelaw, 2004) as well as using the biosphere reserves as a way “to promote
sustainable development based on local community efforts and sound science” (UNESCO, 2013).
Biosphere reserves provide a unique combination of biodiversity and human development that makes
them ideal areas to experiment with sustainable development strategies. Consequently, several initiatives
have been proposed in order to realize this aim, with an important topic of discussion recently arising
concerning how biosphere reserves can effectively be utilized in order to address the growing issue of
global climate change (UNESCO, 2008). In June 2011, the World Network of Biosphere Reserves
gathered for an international conference in Dresden, Germany in order to come to an agreement regarding
the role of the MAB Programme in addressing the climate change issue. The outcome of these discussions
was the Dresden Declaration which outlined objectives that the MAB Programme will seek to achieve in
order to better utilize biosphere reserves for research in the area of climate change mitigation, adaptation
and sustainable development (UNESCO, 2011).

In many ways, the Dresden Declaration can be considered to be the UNFCCC for biosphere
reserves, and in light of that, just as nations had begun the process of addressing the issue of climate
change by beginning a process of quantifying GHG emissions inventories that would be used to guide
future emission-reduction strategies at the national scale, perhaps a similar approach could be applicable
at the biosphere reserve scale. However, there are some unique challenges present when attempting to
create a GHG inventory for a biosphere reserve. Firstly, biosphere reserves are regions with relatively
arbitrary boundaries that can intersect a variety of jurisdictional areas, which was not the case for nations
2

or other regions such as provinces, municipalities or even businesses that tend to have clearer boundaries
of operational control. With that being said, how does one determine which emissions will be included
within the inventory and which will not? Secondly, a biosphere does not have any form of jurisdictional
authority over the region that it represents, which could lead to potential issues with regards to gathering
the primary data that would be ideal for creating an inventory of this type. Therefore, how does one get
over these potential barriers with regards to data gathering? While these challenges are certainly not
unique to biosphere reserves alone, as of currently, there are no reporting guidelines that have outlined
ideal approaches that would be appropriate for overcoming these obstacles.

The aim of this study is to explore potential approaches that could be used in order to create a
GHG inventory for a biosphere reserve in Canada. Where appropriate, current methodologies used for
creating regional GHG inventories will be applied at the biosphere level using the Frontenac Arch
Biosphere (FAB) Reserve of Southeastern Ontario as a case study. Attempts will be made to address
information gaps that may exist through the use of new surrogate data methods based on available
secondary data sources (see Chapter 3). It is hoped that this will both provide a starting point in helping
Canadian biosphere reserves progress towards achieving the objectives of the Dresden Declaration while
also contributing to the continued development of conceptual and theoretical thinking in the area of
regional GHG emissions quantification.

The thesis is structured as follows: Chapter 2 is a literature review of previous studies and areas
of research regarding GHG inventory quantification; Chapter 3 is an outline of the methods used for this
study; Chapter 4 contains the results attained through the application of these methods; Chapter 5 is a
discussion of the practical as well as the theoretical implications of this research; and Chapter 6 concludes
this study by summarizing all of the major points mentioned in the previous chapters.
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Chapter 2
Literature Review
2.1

GHG Inventories
The following is an overview of some of the common methods that have been applied in GHG

inventory quantification. There have been two main areas of research in this regard: (1) Those pertaining
to how to quantify emissions sources and sinks from everyday human activities (residential,
commercial/industrial and municipal activities), and (2) those pertaining to emissions associated with land
use changes and their effects on terrestrial carbon stocks (both below and aboveground). Since this study
will be primarily focusing on quantifying GHG emissions generated due to activities of community
members within the biosphere reserve, only research pertaining to estimating GHG emissions from
human activities will be discussed in this chapter.

While research into the topic of GHG inventories has existed for more than 20 years, the amount
of academic literature written has been somewhat modest (Pandey et al., 2011) with the majority of
studies being undertaken by private organizations and companies for business reasons (Kleiner 2007;
Wiedmann and Minx 2008; East 2008). One of the most comprehensive reviews of GHG inventory
methods in recent history has been that of Pandey et al. (2011) who outline and discuss the many different
approaches that have been used in GHG inventory calculation over the past two decades. Peters (2010)
also provides a review which briefly describes the general approaches that have been applied at different
geographic and institutional levels. The scale of research regarding GHG inventories that are commonly
practiced can be divided into 3 overarching categories:
1) National Inventories
2) Corporate/Industrial Inventories, and
3) Community/Municipal Inventories
4

2.1.1 National Inventories
In direct response to the objectives of the UNFCCC, research into GHG emissions sources and
sinks was initiated by the Intergovernmental Panel on Climate Change (IPCC) (Morlot et al., 1994). The
first international guidelines for GHG inventory quantification were developed in the year 1994 with the
creation of “IPCC Guidelines for National Greenhouse Gas Inventories” (IPCC, 1994). Subsequent
revisions were made over time (1996 and 2000) until the final accepted guidelines were published in
2006. As the IPCC guidelines were made in response to policies pertaining to national emissions sources,
their methodologies were primarily focused on emissions at the national level. The IPCC Guidelines
outline methods to be used when estimating emissions associated with Energy, Industrial Processes and
Product Use (IPPU), Agriculture, Forestry and Other Land Use (AFOLU), as well as methods pertaining
to emissions associated with Waste. Each category was broken down into more specific source types and
under each source type the methods were divided in three Tiers: Tier 1, Tier 2 and Tier 3 that indicate the
methods that should be applied depending on the availability of data. Tier 3 methods are used when
highly detailed information is available, while Tier 1 methods are used when the least amount of
information is available. It has been found that in most situations, GHG Inventories have been based off
of Tier 1 methods, as it has proven to be quite difficult to attain the data needed for the use of Tier 3 level
methods (IPCC, 2007).

Since the creation of the IPCC guidelines, most national GHG inventories have used a
production-based approach towards GHG quantification in which emissions are attributed to a geographic
region (in this case, a nation) based on whether or not said emissions are produced within their borders
(IPCC, 1996). However, other research by individuals such as Peters & Hertwich (2008) has found that
the production-based approach is lacking in its ability to factor in the dynamics of international trade
which can thus lead to issues regarding emissions allocation pertaining to international transport of goods,
referred to as “carbon leakages”. For this reason, a consumption-based approach has been proposed as an
5

alternative method that not only includes emission from the export of goods but also includes emissions
from imports associated with consumption (Peters, 2008; Peters & Hertwich, 2008). However, while a
consumption-based approach may help to solve the issues pertaining to carbon leakage, it adds another
level of complexity with regards to boundary setting and data gathering that may prove to be impossible
to overcome in some cases. For this reason, some researchers have argued that a consumption-based
approach may be more feasible at the regional/municipal level as opposed to the nation level (Larsen &
Hertwich, 2009). This idea was proposed due to the fact that even though emissions are being considered
from outside the boundaries of a municipality or region within a country, it is still more likely to be able
to attain data from a region within one’s national borders than from the outside. When looking at this
issue as a whole, some of these challenges arose due to the lack of detail with regards to boundary-setting
which are present in methods that adopt the “Purely-Geography Inventory” approach to inventory
quantification present within the IPCC guidelines (Chavez & Ramaswami, 2013). This situation may have
been due to the fact that boundary setting requirements were not seen as being as much of an issue when
dealing with GHG inventories at the national scale (Bastianoni et al., 2004). However, as will be
discussed later, efforts to downscale these methods have required that more robust guidelines be created
in order to deal with the issues of emissions responsibility at the corporate/institutional level (See Chapter
2, Section 2.1.2). Input-Output Analysis (IOA) has also been applied in many GHG inventory studies at
the national level in order to act as a way of combining both the consumption-based (the “input”) and the
production-based (the “output”) approaches (Lenzen, 1998; Ghertner & Fripp, 2007; Limmeechokchai
and Suksuntornsiri, 2007; Andrew & Forgie, 2008; Chung et al., 2009; Chen & Zhang, 2010).The IOA
method takes into account emissions associated with both production and consumption which is why it is
recognized as being ideal for determining emission cost from direct and indirect emissions associated
with trade (Chen & Zhang, 2010).
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Research has also focused on assessing the accuracy of the IPCC guidelines in order to test for
uncertainty. Uncertainty has been a major challenge when creating GHG inventories since the initial
stages of methods development with the inaccuracies arising due to uncertainty expected to be
significantly high in comparison to the overall emissions of the inventory (IPCC, 1996; 2001). Rypdal
and Winiwarter (2001) performed an assessment of different studies on emission inventory uncertainty in
several of the UNFCCC Annex 1 countries and discovered the presence of uncertainties ranging from ±5–
20% (Rypdal & Winiwarter, 2001; Winiwater & Rypdal, 2001). Consequently, this issue has led to
concerns regarding the accuracy and overall validity of national GHG inventories, especially when trying
to implement cost-effective emission-reduction strategies or creating an effective emissions trading
framework (Rypdal & Winiwarter, 2001). Entire conferences and workshops have been held in order to
explore the issues of uncertainty in greater depth in hopes of determining an appropriate course of action
for dealing with these known data gaps. The book “Greenhouse Gas Inventories: Dealing with
Uncertainty” (White et al., 2011) is a compilation of several articles by some of the top researchers in the
area of emissions inventory uncertainty and is a direct outcome of such discussions. One of the main
recommendations given in order to reduce uncertainty is to utilize a top-down approach as a means of
verification for the current approaches being applied in order to attain a more accurate estimate of the
atmospheric flux of emission between the “technosphere” ( the built environment) and the biosphere
(Jonas et al., 2011). However, a top-down approach requires the use of sophisticated technology
including global monitoring stations, an aircraft and satellites in order to attain the desired primary data,
which would require significant investment of time and money to be able to operate effectively (Nisbet &
Weiss, 2010). Jonas et al. (2011) also recommend a sub-systems approach as a way of treating the
technosphere and the biosphere differently with regards to setting emissions reduction targets in order to
account for the obvious differences in their emissions dynamics and uncertainty characteristics.
Compared to the top-down approach to uncertainty assessment, the application of subsystems approach
seems to be a more reasonable precaution to take when trying to limit uncertainty – especially in the
situation of a biosphere reserve where resources may not be available to apply more advanced methods of
7

verification. Overall, although it is quite clear that the challenges associated with uncertainty still need to
be addressed, approaches present in the IPCC guidelines as well as the research of other academics
provide best practices that can be applied in order to ensure that the inventory that is produced is as
accurate as is feasibly possible.

2.1.2 Corporate and Institutional Inventories
Other research groups and professional organizations have made efforts to scale down the
concepts outlined in the IPCC guidelines in order to further facilitate a bottom-up approach to GHG
inventory quantification. One such example is that of Dudek et. al (2002) who performed a study that
sought to create a corporate level GHG inventory approach that could be applied to one of the largest
emissions sources in Russia at the time – the electricity company RAO UESR. While the approach was
more specific to companies in the energy sector within Russia, the study was able to show how other
research groups had begun to build off of the IPCC guidelines in order to develop more region specific
corporate level methods that could rely less on secondary data sources.

In 2002, the World Resource Institute (WRI) in collaboration with the World Business Council
for Sustainable Development (WBCSD) published the first guideline for GHG quantification (also
referred to as GHG Accounting) at the corporate level (Sundin & Raganathan, 2002) and finalized a
revised version of it in 2004 (WRI/ WBCSD, 2004). This guideline was titled the “Greenhouse Gas
Protocol: A Corporate Accounting and Reporting Standard” and it is currently the most widely accepted
and widely used inventory guideline for corporate and institutional GHG inventories in the world
(Sullivan & Oliva, 2007; WRI/ WBCSD, 2004). What particularly makes this guideline unique is the
amount of detail that it provided regarding boundary setting. It introduced concepts such as the
“Organizational Boundary” which defines the approach that should be used in order to attribute emission
responsibilities to different entities within an organization. It also introduced the concept of the
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“Operational Boundary” to help categorize emission sources and further defined this through its
introduction of the concept of Scope categories (Figure 1). Up until this point, emission sources had been
divided only into Direct or Indirect emissions categories. However, the WRI GHG Protocol divides these
categories even further in order to facilitate better management, particularly in the case of indirect
emissions from energy production and consumption.

Figure 1: Scope Categories as outlined in the GHG Reporting Protocol. Scope 1 represents Direct emissions while
Scopes 2 and 3 represent Indirect emissions. (WRI/WBCSD, 2004)

The Scope categories are divided as follows:
Scope 1: All Direct emissions including:
i.

Stationary Combustion: Emissions from furnaces, boilers and other stationary sources

ii.

Mobile Combustion: Emissions from mobile sources (cars, trucks, planes, etc.)

iii.

Processes: Emissions from industrial or chemical processes (cement production, liming,
etc.)

iv.

Fugitive: Emissions that result due to leakage or pipe failure (refrigerators, T&D, etc.)

Scope 2: Indirect emissions from the production of purchased electricity and steam
Scope 3: All other indirect emissions
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The main difference that arises from the WRI GHG Protocol is that indirect emissions have now been
divided into two categories (Scopes 2 and 3). The reason for this is that emissions from purchased
electricity and steam tend to be significantly higher than all other indirect emissions for organizations and
businesses (WRI/WBCSD, 2004), and therefore it would be wiser to give these sources a category of their
own in order to facilitate easier quantification as well as to better prioritize areas for reduction. Also,
Scope categories help to avoid issues of “double counting” that can be a challenge when dealing with the
complex organizational structures that are common in business. Several voluntary reporting programs
exist that adopt these guidelines and most of them make the reporting of Scope 1 and 2 as a requirement
(Pandey et al., 2010). Considerable research continues to be undertaken regarding how to properly
measure Scope 3 emissions (WRI/WBCSD, 2010) and therefore they are currently considered to be
voluntary as reporting requirements.

Another unique aspect of the WRI GHG Protocol was its introduction of a systematic process of
how to proceed to create a GHG inventory that can also be applied at levels other than the corporate and
institutional. Since corporate inventories were at a level smaller than that of the nation, greater detail had
to be made pertaining to how boundaries are set and which emissions sources will or will not be included
within those boundaries, particularly with regards to financial ownership. While the WRI GHG Protocol
does provide boundary setting guidelines that are similar to that of the IPCC, it also provides an
alternative consolidation approach that accounts for the dynamics of trade and partial ownership. This can
be seen as a way of potentially addressing the issues that Peters & Hertwich (2008) and other researchers
(Kondo et al., 1998; Munksgaard & Pedersen, 2001; Ahmad & Wyckoff, 2003; Ferng, 2003; Bastianoni
et al., 2004; Rodrigues et al., 2006) point towards regarding the production-based approach to GHG
accounting. This observation can be made because, in the case of corporate inventories, financial
ownership as well as indirect emissions further down the production lifecycle are being given greater
concern than they were in the IPCC guidelines that had adopted what can be considered to be an
organizational boundary based on operational control. Overall, the GHG Protocol helps to translate GHG
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inventory methods into a systematic process that is more easily accessible at the corporate and
institutional levels. This process has now been adopted as the standard for organizations across the globe
(Sullivan & Oliva, 2007).

Research in academia has seemed to focus more on assessing the emissions associated with the
entire production process of material goods (including both upstream production and downstream use) in
order to attain a more comprehensive and detailed analysis of emission sources. While inventories at the
national level have been known to apply the input-output analysis approach when attempting to make
similar estimates, the common method that has been applied in studies of this nature at the
corporate/institutional level has been the Lifecycle Assessment (LCA) approach (Peters, 2010). Life
cycle assessment derives itself from “life cycle thinking” which is defined as “a decision-making
framework that encompasses the identification of all of the revenues and costs associated with a product
or service as it moves timewise through predictable stages and phases of evolution” (Shewchuk, 1992).
Therefore, LCA can be considered to be an approach by which every stage within a process (in this case,
manufacturing and transport of a product) is analyzed separately in order to determine the most
significant contributor to the net impact of said process (Horne et al., 2009). Among its many
applications, LCA has been adopted by businesses as a way to assess the stages in their supply chain that
represent a potential environmental liability with the objective of improving their production and shipping
processes (Hermann et al., 2007). LCA carbon footprint methods are now being applied frequently by
businesses to assess direct and indirect causes of GHG emissions from their different industrial and
manufacturing processes in order to meet voluntary reporting requirements that currently exist at the
corporate level (Scipioni et al., 2010). In some cases, researchers have even chosen to apply hybrid
methods that combine both LCA and IOA in order to account for indirect emissions that are upstream of
the production process (Lee & Ma, 2013).
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2.1.3 Community Inventories
Even though there has been a significant amount of research that has gone into creating GHG
inventory guidelines at the national and institutional levels, some researchers argue that the most
appropriate estimates of GHG emissions should be undertaken at the local/regional level since this is
where emissions reduction activities typically will occur. Kates et al. (1998) state that “action to reduce
greenhouse gases is never global, and despite much rhetoric is rarely national, but is mostly local” (p.
280) and that “abatement actually occurs at the local level when people and their organizations modify
their behavior, change their activities, and employ different technologies” (p280). In light of that, soon
after the introduction of the WRI GHG Protocol, another non-governmental organization known as the
International Council for Local Environmental Initiatives (ICLEI) developed a guideline known as the
International Local Government GHG Emissions Analysis Protocol (IEAP) for GHG inventory
quantification at the municipal level (ICLEI, 2009). In their analysis of international emissions inventory
frameworks, Ibrahim et al. ( 2012) note that the ICLEI’s guidelines were made in response to “issues of
boundary, emissions allocation, and methodological consistency across cities” which were important
topics of discussion in some of the earlier academic literature (Harvey, 1993; Kates et al., 1998). The
methods of the IEAP build on those already present in the IPCC guidelines and GHG Protocol, but the
IEAP discusses some of the dynamics involved in trying to estimate emissions for a specific area of
jurisdiction within a nation itself. The IEAP divides activities into residential, commercial, and municipal
with the intent of attaining a clearer understanding of which sectors contribute the most to the overall
inventory which can thus help to guide mitigation efforts. The IEAP has been adopted as the standard
guideline for municipal GHG inventories and has been quite useful in helping several cities across the
globe in measuring and managing their emissions to better facilitate future reduction activities. More
recently, ICLEI has been working in collaboration with a variety of other organizations in order to create
a comprehensive GHG reporting guideline that standardizes all other previous GHG methodologies
(ICLEI, 2012).
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In addition to the work of ICLEI and similar groups, academic researchers have applied a variety
of different techniques in order to effectively quantify and analyze the emissions of a community. The
research of Larsen & Hertwich (2009) has attempted to combine the production-based approaches that
have been commonly applied in national inventories with consumption-based approaches more common
in corporate inventories through the creation of hybrid “Carbon Footprint (CF)” techniques. Monni &
Syri (2011) utilize another unique method by applying a weekly GHG emissions calculating system in
order to determine the carbon footprint from seven different sectors at the community level including:
district heating, building specific heating, electric heating of buildings, other electricity consumption
(excluding industry), road transport, agriculture, and waste. Another particularly important study was
undertaken by Sovacool & Brown (2010) who performed a comparative analysis of the carbon footprints
of 12 different municipalities from across the globe. They found that the majority of municipalities
focused on 4 main categories with regards to community emissions:

1) Energy used in buildings and industry
2) Fuels used by vehicles
3) Emissions from waste
4) Emissions from agriculture
This specific inventory scope has been referred to as the “partial carbon footprint” (Sovacool & Brown,
2010) and emphasizes those sectors that have been found to be the most significant contributors to
community GHG emissions. This inventory scope follows in line with the assessment of Kates et al.
(1998) who recognized that emissions inventories at the local level should be relatively simple and should
emphasize those emission sources that are most important as well as those methods that are most
replicable. While the partial carbon footprint is not comprehensive to say the least, it does provide a good
starting point for GHG inventory quantification by highlighting the areas where GHG reduction strategies
would be most pertinent. In light of this, the remainder of this literature review will be spent discussing
some of the research that has been undertaken in these 4 key sectors of interest.
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2.1.3.1 Energy Use in Buildings
Research regarding energy consumption from buildings has been mainly centered on creating and
applying modelling approaches to estimate energy consumption from the residential and commercial
sectors. The research of Swan & Ugursal (2009) provides the most up-to-date review of the different
approaches that have been used in this regard. They divide these approaches into two over-arching
categories: (1) the top-down approach and (2) the bottom-up approach. Models that apply the top-down
approach are typically used for “supply analysis based on long-term projections of energy demand by
accounting for historic response” (Swan et al., 2011) and they do not distinguish consumption based on
end-use (i.e. heating, appliances, etc.). While this approach has been found to be useful for determining
variances at the macro-level, it is lacking in its ability to assess factors such as the influence of behavior
on energy consumption at the more local level (Swan & Ugursal, 2009). This is where the bottom-up
approach has an advantage in that it utilizes survey data and/or energy bills from buildings and
extrapolates this information to represent the larger community, thus taking into account some of the
behavioral aspects which lead to differences in energy consumption from individual end-uses as well as
individual houses (Swan & Ugursal, 2009).

Under the category of the bottom-up approach, there are two methods that can be applied: the
statistical method and the engineering method. The statistical method uses regression analysis to
determine connections between end-uses and energy consumption that are then extrapolated to represent a
larger study area. The engineering approach utilizes more detailed information pertaining to the structural
characteristics of buildings in order to make estimates of energy consumption, which makes it quite useful
for estimating the emission reduction potential of applying new technology and alternative fuel sources. A
benefit of the statistical method is that it is useful when the structural data that is required to apply the
engineering method is not readily available since the assessments needed to attain such data require
permission from homeowners within the region of study (Swan et al., 2011).
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In order to overcome some of the barriers associated with trying to attain the structural
characteristic data that is needed in order to apply the engineering method, some researchers have decided
to divide the building stock of a community into different archetypes (MacGregor et al., 1993; Kohler et
al., 1997; Shimoda et al., 2003; Parekh, 2005; Petersdorf et al., 2006). These archetypes represent broad
classifications for different dwelling types within a region, which are then multiplied by the total number
of households that meet their respective description/criteria. While there are uncertainties associated with
reducing the total building stock to only a few broad archetypal categories, this method may prove to be
the only solution in situations where more detailed property data cannot be attained – which is typically
the case in most instances. Furthermore, if estimates regarding energy consumption and emission were
given to these different archetypes, then perhaps a rough estimate of the community’s emissions from
end-uses could be determined. However, if the simple surveys that are used in the statistical method were
to take into account differences in some of the important structural features that are used in the
engineering method, then perhaps a method that combines the use of statistics as well as a simplified
version of the archetype approach may prove to be quite useful in estimating energy consumption as well
as forecasting changes into the future based on changes in the housing stock. This may prove to be an
effective approach to apply in the case of a biosphere reserve where challenges regarding attaining
primary data are more significant because these regions typically lack any standardized jurisdictional
authority that would make attaining such data easier.

2.1.3.2 Transportation
Similar to energy use, research with regards to emissions from road transportation has mainly
focused on the application and assessment of different statistics-based models in order to estimate fuel
consumption or vehicle miles travelled (VMT) within a community. One of the oldest of these models
was created by Kunselman et al. (1974) for the U S Environmental Protection Agency and was later
modified by Kent & Mudford (1979) in order to include GHG emissions (i.e. carbon dioxide) in an
Australian case study. These models typically made use of emission estimates based on a vehicle’s
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estimated speed and acceleration capabilities in addition to a survey of local traffic patterns in order to
attain an understanding of driving conditions within the region. A similar approach was applied more
recently in the study of Mathez et al. (2013) who utilized a combination of emission factor estimates
based on vehicle type in addition to travel surveys in order to determine the commuting behavior as well
as the resulting emissions of staff and students at McGill University. Therefore, it can be seen that the
trend indicates that both an understanding of the vehicle make-up of a community as well as an
understanding of the behavioral characteristics of its constituents (usually attained through survey) is
typically required in order to make a somewhat reliable estimate of emissions associated with
transportation.

However, there have been found to be many other factors that can influence the amount of
emissions generated due to transportation within a community. The research of Lindsey et al. (2011)
indicates that proximity to an urban center can also play a significant role in determining GHG emissions
due to a recognized decrease in high-efficiency vehicles and reduced population density. Other
socioeconomic factors such as population, race, gender, urban population, income per capita, number of
vehicle registrations, and density have all been found to be important determinants with regards to VMT,
with population growth being one of the most significant influencers of emissions estimates into the
future (Rentziou et al., 2012). There has also been research regarding the factors that influence the
emission factors attributed to different vehicle types based on the age of the technology used for these
estimates (Faiz et al., 1996) as well as the representativeness of emission factors at different regional
scales (i.e. the national vs. the municipal/community level) (Franco et al., 2013; Pulles & Yang, 2013).

For smaller-scale GHG inventories such as the community inventory, there is the added
discussion regarding emissions allocations. Because travel (particularly road travel) is more transient
within a region at the municipal/local level, there is a question regarding how one should go about
appropriately attributing emissions to a particular area. Building on the research of Chavez & Ramaswami
(2011) into trans-boundary GHG emissions estimates, Hillman et al. (2011) developed a methodology
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which, as they describe, is for “determining city-scale GHG emissions from consumption of gasoline,
diesel, and jet fuel on the basis of estimating and spatially allocating demand for VMT exerted by
individual cities collocated in larger regional commutersheds”. This method also attempts to determine an
appropriate allocation of emissions for air travel, which is typically an emissions source that is not
included in community GHG inventories due to its precarious nature.

2.1.3.3 Waste
With regards to waste management, research has mainly focused on assessing emissions from
solid waste management and wastewater management at the municipal level. For both solid waste
management (SWM) and wastewater treatment (WWT), the main GHGs of concern are CH4 produced
from anaerobic processes as well as CO2 produced from fuel consumption both upstream and downstream
(Gentil et al., 2009). CH4 from landfilling has been found to be the most significant contributor to GHG
emissions due to SWM (Skovgaard et al., 2008; Lou & Nair, 2009; Calabro, 2009) while there is debate
whether CH4 from anaerobic digestion or CO2 from fuel use is the most significant contributor in the case
of WWT (Sahely et al., 2006). As a result, most GHG emissions methodologies consider CH4 to be the
only requirement for GHG inventory quantification from waste management (excluding emissions from
transport and energy for operations which are considered to be included in other categories of the
inventory) because it has been assumed that any CO2 produced is generated due to decomposition of
biogenic origin and is therefore not considered to be a direct result of anthropogenic influences (IPCC,
2006). For SWM, CH4 from the decomposition of organic matter in landfills under anaerobic conditions
is the greatest contributor to GHG emissions in a region (Lou & Nair, 2009). In the case of WWT, CH4
emissions can amount to as much as 75% of the emissions associated with the entire wastewater treatment
process (Foley & Lant, 2007: Daelman et al., 2012).Therefore, in most instances, it is of greater
importance to focus on CH4 emissions when assessing the contribution of waste management to the
overall community GHG inventory.
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When looking at methodologies that have been applied in the past, Gentil et al. (2009) provide an
assessment of some of the different approaches and methods that have been used for measuring GHG
emissions from SWM processes. Their research has shown that, while there are commonalities in the
types of data that are required for quantifying emissions from solid waste management, the way in which
the data is used can vary depending on the regional scale of the inventory. Mohareb et al. (2011) later
went on to assess the accuracy of four main methodologies that have been used for quantifying GHG
emissions from waste management: the Intergovernmental Panel on Climate Change (IPCC) 1996
guidelines, IPCC 2006 guidelines, U.S. Environmental Protection Agency (EPA) Waste Reduction Model
(WARM), and the Federation of Canadian Municipalities– Partners for Climate Protection (FCM-PCP)
quantification tool. These four methods can be divided into two overarching approaches referred to as the
“Methane-Commitment (MC)” approach and the “Waste-in-Place (WIP)” approach. The MC approach is
considered to be more simplistic than the WIP approach due to its limited data requirements and its use of
a simple emission factor calculation. However, while the MC approach is simple and has been widely
applied in many GHG quantification standards, including the IPCC 1996 guidelines and ICLEI’s most
recent guidelines which are applied by the FCM, it may overestimate emissions due to its use of relatively
high emissions factors which do not consider changes in the landfill conditions over time (Mohareb et al.,
2011). At the same time, if waste management data dating back to greater than 10 years cannot be
attained, estimates from the WIP approach cannot be performed, and therefore quantification will have to
resort back to the MC approach. In the end, each approach is more suitable than the other based on the
intent of the inventory. If the inventory is intended for community planning purposes (which is typically
the case at the community/municipal level), then an MC approach would be suitable. However, if more
accurate estimates are required for forecasting purposes, then the WIP approach is the most ideal and
therefore efforts must be made in order to ensure that the sort of comprehensive data that is needed is
gathered over time.
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Research with regards to GHG emissions resulting from the treatment of wastewater has been mainly
focused on assessing the relative contribution of different stages of the WWT process to the overall
carbon footprint. While national GHG inventories for Canada and the US only report on CH4 emissions
and typically exclude CO2 emission (for reasons already stated), researchers such as Sahely et al. (2006)
have argued that CO2 emissions from operations and fuel consumption for transport may be an even more
significant contributor when the entire life cycle of the WWT process is considered. However, this is a
significant factor only in situations where anaerobic processes are not being used for on-site treatment of
waste. Another important factor to consider in the case of more rural areas (and biosphere reserves in
particular) is the estimated emissions produced from septic systems. GHG emissions from septic systems
come from anaerobic oxidation of waste, resulting in acidogenesis and methanogenesis which produce
CH4 and CO2 (McCarty, 1964). Nitrous oxide is also produced from the aerobic processes that bacteria
perform when breaking down the organic matter found in waste (Czepiel et al., 1995). The septic tank has
been found to be the most significant contributor to GHG emissions due to the production of CH4, while
the soil dispersal system has been found to be the primary source for CO2 and N2O emissions (DiazValbuena et al., 2011) (Figure 2). Theoretical values regarding the rate of GHG emissions produced from
a septic system have been compared against experimental values and have been found to vary
significantly, mainly due to differences in the assumptions made regarding Biological Oxygen Demand
(BOD) (Diaz-Valbuena et al., 2011). For this reason, precaution must be taken when choosing emission
factors to use for estimating emissions from septic tank systems, with greater preference being given to
more recent values that have been used. Nonetheless, by using these values, if an estimate of the number
of homes within a region that are using septic systems can be determined, then it would be possible to
attain a rough assessment of the relative contribution of septic systems to the overall GHG emissions
profile from community wastewater treatment.
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Figure 2: Diagram of a typical septic system. GHG emissions are released through the building vent or through the
soil dispersal system. (Diaz-Valbuena et al., 2011)

2.1.3.4 Agriculture
The research regarding GHG emissions from agriculture has been somewhat modest with most
research focused on applying the common IPCC methodologies to different case studies as well as the
assessment of GHG mitigation potential from changes in agricultural practices. Emissions from
agriculture can come from a variety of potential sources: CH4 from livestock enteric fermentation; CH4
and N2O from manure management; CO2, CH4 and N2O from mobile farm equipment and irrigation
pumping; CO2, CH4 and N2O from residue burning; or direct N2O from N applied to or deposited by
livestock on croplands and rangelands (Haden et al., 2013). There has been considerable research
regarding estimating emissions from livestock as many researchers have applied IPCC methods to
determine the contribution of livestock emissions from many geographic regions (Takahashi, 2006; Patra
20

et al., 2012; Bellarby et al., 2013; Chhabra et al., 2013). In most instances, the norm for regional GHG
inventories is to apply IPCC Tier 1 methods for measuring emissions from livestock by performing a
simple equation of multiplying the number of livestock of a particular type by their respective emissions
factor values. However, Ominski et al. (2007) attempt to apply Tier 2 IPCC methods, which are
considered to be more comprehensive in determining what one would assume to be a more accurate
estimate of GHG emissions from livestock management. The Tier 2 methods consider the same variables
as the Tier 1 methods, with the addition of considering other variables influencing enteric fermentation
within livestock such as weight, age, gender and feeding systems (IPCC, 2006). Though their findings did
show a discrepancy in the values generated when using the Tier 2 methods versus the Tier 1 methods,
there were still recognized uncertainties which could not be overcome which leave neither method free
from limitations. Dyer & Desjardin (2007) looked at the GHG emissions associated with energy use for
agricultural activities, which has typically been allocated into other sectors such as transportation and
manufacturing for other GHG inventories. They apply the use of statistical data combined with simulation
modelling in order to make estimates regarding emissions for fuel use from farm equipment.

Haden et al (2013)’s inventory of GHG emissions from the Yolo County of California provides
an excellent example of how to estimate GHG emissions at the regional/municipal level. Yolo County is
described as having “small towns and cities with a changing mixture of urban, suburban and farmingbased livelihoods” (Haden et al., 2013), which is quite representative of the community make-up that is
common to biosphere reserves in North America. The focus of the study is GHG emissions from the
agricultural sector within the region using IPCC methods in combination with local data sources and it
discusses the practical implications that arise from creating a GHG inventory at this particular scale.
Therefore, the methods and implications of this study may prove to be relevant for inventory
quantification at the biosphere level.
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2.2

Review of Municipal GHG Inventory Reports
In order to benchmark the methods and data sources that would be relevant for an inventory at the

biosphere reserve scale, analysis of those that have been applied in other regional GHG inventories within
Canada was also necessary. Therefore, a review of GHG inventory reports produced as part of the
Federation of Canadian Municipalities (FCM)’s Partners in Climate Protection (PCP) program was
undertaken, as this was the only GHG community GHG inventory initiative present in Canada at the time
of this study.

2.2.1 The Partners in Climate Protection (PCP) Program
The PCP program was established in 1994 as a network for Canadian municipalities to unite in
order to tackle the issues of climate change through the use of various mitigation strategies (FCM, 2013).
The PCP is part of a larger international network managed by ICLEI known as the Cities for Climate
Protection (CCP) network which includes over 1100 communities globally. Currently, there are
approximately 265 municipalities in Canada signed on to the program which represents approximately
80% of the country’s population (FCM, 2013). The PCP program takes a 5-milestone approach in order to
guide municipalities to manage and reduce their emissions, the first milestone being to create a
community GHG inventory. Out of the almost 265 municipalities that have signed on to the program thus
far, approximately 62% of the communities have been able to achieve the first milestone and have created
a community GHG inventory which is available on the FCM website.

It was found that the majority of municipalities reported on the basic metrics required of the PCP
program which includes emissions from: (1) Energy Use from Buildings, (2) Fuel Consumption from
Transportation and (3) Waste Management. Very few communities actually reported on emissions from
Agriculture, most likely due to the fact that most communities reporting represent the more urban areas of
Canada. When reviewing data sources from the reports of some of the Ontario municipalities (Table 1), it
was found that the sources of data varied significantly depending on the size of the community as well as
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who was preparing the inventory (i.e. municipal administration versus third party consultants). In all
instances, electricity use data were easily attained from the local utilities. In most cases, primary data
from natural gas providers were sufficient for determining heating fuel estimates due to the urban makeup
of the communities, however there was a significant challenge in being able to attain fuel use data from
third party fuel providers in communities that included rural portions that were off the grid, leading most
municipalities to have to make rough estimates based on high scale ratios of fuel use to electricity
consumption in Ontario attained from Natural Resources Canada (NRCAN). Estimates for transportation
were almost always based on secondary data estimates from survey data of traffic counts combined with
estimates of road length within the region. However, there were some cases where municipalities were
able to purchase primary data regarding fuel sales from a third party data collector known as Kent
Marketing. Unfortunately, Kent Marketing is limited in its ability to provide both historical data as well
as data from more rural communities due to a typical lack of demand for information from these areas.
With regards to waste, all municipalities were able to attain primary data from landfills regarding the
amount of waste added to the sites in the year of study. None of the inventories included estimates
regarding emissions from wastewater management processes.
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Table 1: Categorization of the types of data sources used by Ontario municipalities that have reported to the PCP program with the FCM.
Province:
Municipality:
Inventory
Inventory
Data Level:
Year:
Quantifier:
Electricity
Heating Fuel
Transportation
The Climate
Ontario
Cambridge, Waterloo and Kitchener
2010 Collaborative
Primary
Primary/Secondary
Primary
Planning Dept. Ontario
Niagara Region
2006 Niagara Region
Primary
Primary/Secondary
Secondary
Ontario

Hamilton

2006

Ontario

Oakville

2004

Ontario

Oshawa

Ontario

Waste

Agriculture

Primary

Secondary

Primary

NI

Primary

Primary/Secondary

Secondary

Primary

NI

Primary

Primary

Secondary

Primary

NI

2008

Stantec
Research Policy
Analyst @ City of
Hamilton
Durham
SustainAbility

Primary

Primary

Secondary

Primary

NI

Markham

2001

Town of Markham

Primary

NI

Primary

Primary

NI

Ontario

Caledon

2003

Primary

Primary/Secondary

Secondary

Primary

NI

Ontario

2005

Primary

Primary/Secondary

Secondary

Primary

NI

Ontario

Ajax
Brock, Scugog, Uxbridge & N.
Durham

2005

Jacque Whitford
Durham
SustainAbility
Durham
SustainAbility

Primary

Primary/Secondary

Secondary

Primary

NI

Ontario

Burlington

1994

Jennifer Parkin

Primary

Primary/Secondary

Secondary

Primary

NI

Ontario

Guelph

2012

Guelph Hydro Inc

Primary

Primary/Secondary

Primary

NI

NI

Ontario

Richmond Hill

2004

ICLEI

Primary

NI

Secondary

Primary

NI

Ontario

Stratford

2003

CH2M Hill

Primary

Primary/Secondary

Secondary

Primary

NI

Primary: Estimates based off of data that has been directly measured
Secondary: Estimates based off of survey or statistical data
Primary/Secondary: Estimates based off of a combination of both Primary and Secondary data sources
NI: means the emissions source was not included in the inventory
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2.3 Conclusions
There are some important conclusions that can be derived from this literature review. First,
boundary setting and GHG allocation have been significant topics of discussion since the advent of GHG
inventory quantification, and the approaches that have been used have varied depending on the scale as
well as the intent of the inventory. In the case of national or community inventory, which are being used
for planning purposes, a control –based geographic approach to GHG inventory quantification may be
suitable, while in the case of corporate inventories that may have a variety of activities in various parts of
the world and are constantly changing in size, an approach that is based on the lifecycle of production
may be more appropriate. Second, uncertainty is an important factor to take into consideration in GHG
inventories and, while the issues regarding this are still quite prevalent, the use of consistent methods and
data sources may be a good way to at least ensure comparability of estimates over time, even though
estimates are not as numerically accurate as would be desired. Third, with regards to community GHG
inventories, energy use from buildings, fuel consumption from transportation, waste management, and
agricultural activity have been found to be the major contributors to GHG emissions at the local level.
More simplified inventories that focus particularly on these major emissions sources may be the best
option when trying to plan mitigation efforts. It may be better to utilize simpler methods and data sources
in order to create future inventories that are replicable using the same methods. Once again, this approach
allows for consistency over time. These conclusions can help to guide the inventory quantification
process as well as the subsequent community planning for a biosphere reserve and were thus applied to
this research.
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Chapter 3
Methods
The following chapter is an overview of the methods applied in this study. The Methods section
is organized into the following two major subsections: Section 3.1 “Boundary Setting” and 3.2 “Data
Collection and Calculations”.

3.1

Boundary Setting
The first step in the GHG inventory process involves setting the “inventory boundary” which

consists of the boundaries that will be used to specify the emission sources that will be accounted for.
There are 4 specific boundaries that must be set at the beginning of the inventory:

1) Geographic Boundary: Specifies the geographic location that the inventory will represent.
2) Temporal Boundary: Specifies the timeframe that the inventory will represent. It can be a day, a
week, a month, a year or more. Typically, GHG inventories are made with at
least an annual timeframe.
3) Organizational Boundary: Specifies the consolidation approach that will be used in order to determine
which emission sources will be included within the inventory based on
ownership and/or control of said emission sources.
4) Operational Boundary: Specifies the type of emissions sources to be included in the inventory as well
as divides them into the different emission types (Direct or Indirect) outlined
by the GHG Reporting Protocol (WRI/WBCSD, 2004) and other inventory
reporting guidelines.
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3.1.1 Geographic Boundary
The geographic boundary for this case study is that of the Frontenac Arch Biosphere (FAB)
Reserve located in Southeastern Ontario (Figure 3).

Figure 3: Study Area - Frontenac Arch Biosphere (FAB) Reserve in Southeastern Ontario

The FAB is one of 16 biosphere reserves located in Canada and it covers an area of approximately
2700km2 (CTIHC, 2002). Located within the borders of the FAB are 9 municipalities which are either
wholly included or partially included within the region (Figure 4). Like many other biosphere reserves
that conform to the old UNESCO model, the FAB can be divided into core areas, transition zones and
buffer zones (Figure 5). The core areas are areas of conservation that are government-protected (such as
national or provincial parks) while transition zones are parts of the region where there is a cluster of
people living and working (CTIHC, 2002). The buffer zone represents the surrounding areas located inbetween core areas where conservation is desired but there is no formal regulation existing there as of yet.
With regards to this emissions inventory, there will be a particular focus on the transition zones where the
bulk of human activity is taking place. The transition zones represent the largest portion of the biosphere
reserve (approx. 88%) and are considered to be the regions where the greatest emphasis should be placed
on sustainable development as these areas continue to expand into the future.
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Figure 4: Municipalities located within the FAB Boundary. The townships of Rideau Lakes, Athens and ElizabethtownKitley are intersected by the boundary while the other six municipalities are wholly located within the region.

Figure 5: Typical schematic for a biosphere reserve. The transition zone is the area where human settlement exists and
therefore represents where there is expected to be the most significant emissions sources. (UNESCO UK
MAB, 2013)

28

3.1.2 Temporal Boundary
The temporal boundary chosen for this inventory was a base year of 2011. The rationale for why
this particular year was chosen is in accordance with three of the five principles that govern GHG
inventory quantification according to international standards: Consistency, Completeness and Relevance
(WRI/WBCSD, 2004; ISO 14064-1, 2006).

Consistency refers to an inventory’s ability to be reproduced in future years using the same methods.
Because this inventory is intended to be a baseline inventory, it was decided that a specific year must be
chosen in order to make it the base year from which later inventories can be compared. Therefore, it was
decided to make the inventory coincide with the Canadian Census of Populations undertaken every five
years by Statistics Canada since much of this inventory would be based off of data from this source (as
will be discussed later). By making inventory reporting in-line with the Census of Populations, it ensures
that future inventories can be created with relative ease in attaining the necessary survey data.

Completeness refers to the creation of an inventory that is inclusive of all emission sources found within
the chosen inventory boundary. Therefore, the 2011 Census year was chosen because, although census
data can be traced back much further into the past, there are data sources included within this inventory
that only go as far back as the year 2010 and, therefore, a complete inventory cannot be created for years
earlier than 2010.

Relevance refers to ensuring that the inventory represents information that is the most relevant to
decision-making at this present time. For this reason, it was thought that information from recent years
would be more relevant for the purpose of target setting which is another reason why the most recent
census year of 2011 was chosen to be the base year for this inventory. However, it is recognized that there
is a limit to how much information a single base year can provide regarding temporal variations in human
activities, but it is hoped that information from subsequent years will allow for the use of a broader
temporal boundary (i.e. 2011 to 2016) by which future emissions measurements can be compared.
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3.1.3 Organizational Boundary – The Geographic Approach
As mentioned in the previous chapter, since a biosphere reserve does not have any standardized
jurisdictional authority over emission sources located within its boundary, a consolidation approach that
is based on control or equity-share cannot be effectively employed. Consequently, in this particular case
study, it would be wiser to adopt the geographic approach which accounts for all emission sources and
activities located within the region of interest, whether they be owned or not owned by the entity under
study. Therefore, all emissions from sources located within the boundary of the FAB will be considered
to be Direct emissions while all those that originate from outside of the boundary will be considered to be
Indirect emissions. This inventory will choose to focus on Direct emissions from community members
and facilities within the FAB.

3.1.4 Operational Boundary
The operational boundary is applied in order to define the precise emission sources that will be
included within the GHG inventory as well as to define whether they will be considered to be Direct or
Indirect emissions. Once again, this requires reference back to the main objective of this study which is to
create an inventory of major GHG emissions sources within a biosphere. As mentioned in the study of
Sovacool & Brown (2010), the major emissions sources that have been found to be present at the regional
level are:

1) Energy used in buildings and industry
2) Fuels used by vehicles
3) Emissions from waste
4) Emissions from agriculture

Therefore, this inventory will seek to limit itself to these four main emissions source categories in order to
create a “partial carbon footprint” of the most significant emissions generating activities within the FAB.
30

Within each of these emission source categories are varying activities to consider. While there were many
potential emissions activities to explore, only those activities that were typically included in other
community GHG inventories and have been found to have data that is readily accessible from primary or
secondary sources were considered for the purposes of this study (Table 2). There are a variety of other
emissions sources that could be considered within a community inventory as well (Table 3), however, it
was found that in most cases there was a lack of the available primary and secondary data needed in order
to estimate emissions from these sources.

Table 2: Emission sources and activities to be explored within the FAB.

Emission Source:

Activity:

Description:

Residential

Estimated emissions from residential homes
Estimated emissions from the operation of

Energy Use from Buildings

Commercial/Industrial

buildings used (for business both commercial
and industrial)
Estimated emissions from municipally

Municipal

Transportation

owned/operated buildings
Estimated emissions from fuel use used for

Passenger Vehicles

travelling of residents within the region.
Estimated emissions from the landfilling or
Solid Waste Management

incineration of residential waste within the
region.
Estimated emissions from the treatment of
wastewater from households within the

Waste

region. The main sources include emissions
Wastewater Management

from anaerobic digestion in a wastewater
management facility as well as emissions
from septic systems in areas that do not have
a central management facility.

Enteric Fermentation From Livestock

Estimated emission due to enteric
fermentation from livestock animals.

Agriculture
Estimated emissions due to microbial

Manure Management

production of N2O and CH4 from manure.
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Table 3: Other potential emission sources that should be explored but could not be due to time and data constraints.
Emission Source
Type:
Energy Use from
Buildings

Transportation

Activity:

Description:

Institutional

Estimates of the emissions generated from institutional buildings that are
not municipally-owned.

Tourism

Estimates of the amount of fuel used by tourists travelling within the
region

Commercial, Industrial and
Municipal
Commercial, Industrial and
Municipal

Waste

Agriculture

Estimates regarding the amount of fuel used by commercial, industrial
and municipal entities within the region.
Estimates regarding the amount of waste disposed of by commercial,
industrial and municipal entities within the region.

Transport

Estimates regarding the amount of fuel used for the transportation of
waste within the region.

Land Use Change

Estimates regarding the amount of terrestrial carbon lost due to land use
change throughout history.

Fertilizer Production

Estimates regarding the amount of N2O created during the production of
fertilizer.

Equipment Use

Estimates regarding emissions generated due to farm operations.
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3.2

Data Collection and Calculations

3.2.1 Household Count
One of the unique challenges in creating a GHG inventory for a biosphere reserve is the fact that
the geographical boundary does not follow any particular jurisdictional delineation. In the case of the
Frontenac Arch Biosphere Reserve (FAB), its boundaries intersect three municipalities (Rideau Lakes,
Athens and Elizabethtown Kitley), so there is a challenge in being able to determine which portion of the
emissions generating activities are located within the boundary for these particular areas. For this reason,
a combination of Population Census data and GIS software proved to be quite useful. Census data
provides information regarding the number of households within the region of interest and GIS software
allows for a rough estimate of the number of households located in the FAB to be determined based on
the density of households located within the region as well as the estimated area located within the
boundary of biosphere reserve.

Household counts for the different municipalities found in the FAB was attained from Statistics
Canada (Stats Can)’s 2011 Census dataset using PCensus software (Statistics Canada, 2011a). The
Household Stocks for the townships of Rideau Lakes, Athens and Elizabethtown Kitley were determined
by using PCensus data and ArcGIS to determine the Land Area (in km2) of each municipality that is
located within the FAB boundary as well as the density of households located within those specific areas
(Households/km2) (Figure 6). Data was extracted down to the Census Dissemination Area (DA) level in
order to get the most precise estimates regarding population/household density as well as land area. From
this, estimates were made regarding the number of households located in the intersected sections of the
three municipalities in order to attain a complete dataset of household stock within the FAB for the year
2011 (Table 4).
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Figure 6: Map showing the municipalities located within the FAB as well as their respective Census Dissemination Areas
(DAs). The pink areas with the light blue borders represent the DAs that are within the intersected municipalities for
which estimates of household stock were determined.
Table 4: Breakdown of the number of different households within the FAB. Rideau Lakes, Athens and Elizabethtown-Kitley are intersected
by the FAB boundary and therefore required extra work in order to estimate the number and type of households located within
them. Data was extracted from Statistics Canada (2011a).
Dwelling Type:
Total
Estimated # of Dwellings within the FAB
South
Frontenac

Rideau
Lakes

Westport

Leeds and the
Thousand
Islands

Athens

Front of
Yonge

Gananoque

Brockville

ElizabethtownKitley

6,475

1,004

215

3,575

766

990

1,290

4,950

1,276

20,541

0

0

0

0

0

0

75

575

0

650

Movable dwelling

55

25

0

15

0

5

5

0

20

125

Semi-detached house

50

14

10

30

20

5

220

890

10

1,249

Row house

15

20

15

5

5

10

140

740

5

955

Apartment, duplex
Apartment, building
that has fewer than
five storeys

65
140

5
38

5
65

20
45

0
4

5
15

55
555

125
2,830

0
45

280
3,737

Other single-attached

5

0

5

0

5

0

5

115

0

135

1,106

315

3,690

800

1,030

2,345

10,225

1,356

27,672

Single-detached house
Apartment, building
that has five or more
storeys

house

Total:

6,805
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3.2.2 Energy Use
3.2.2.1 Description of Emission Source:
Energy use in the FAB varies depending on the community’s energy mix. According to
information attained from municipal administrations, all municipalities within the region mainly acquire
their electricity from hydroelectric dams administered by HydroOne and Fortis Electric (in the case of
Gananoque) as well as other small scale renewable energy projects scattered throughout the region. In
South Frontenac, there is no connection to a centralized natural gas pipeline, and as a result, the
community relies heavily on third party fuel providers for fuel oil and propane. A similar situation exists
in the remaining municipalities within the region, however there is unfortunately no way of knowing the
precise fuel mix within each community due to issues of confidentiality amongst fuel providers. The
closest secondary source that provides estimates of fuel mixes within different communities in Canada
only goes as far down as the provincial level (NRCAN, 2011). Consequently, estimates regarding fuel
consumption must be made without the need for having information regarding the fuel mix within the
community of study. This will be accomplished by using methods that rely on GHG intensity estimates
(i.e. tonnes of CO2-e generated per household) within the province of study as an alternative approach, as
will be discussed in the following section.

3.2.2.2 Methods – Residential:
Energy consumption estimates per Household were determined from NRCAN’s Comprehensive
Energy Use Database (NRCAN, 2011). Census Dwelling Types were divided into the four archetypes given
by NRCAN in order to proportion which energy and GHG estimates will be used to represent each type of
dwelling (Table 5). While energy intensities were already provided in the NRCAN database, GHG
intensities for the different archetypes in Ontario were determined by dividing the total GHG emissions from
the province by the total number of homes of each archetype (Equation 1) (Table 6). Household Counts
were then multiplied by their respective Energy and GHG intensity in order to determine the estimated
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amount of GHG emissions generated for each Dwelling Type (Equation 2) (Table 7) and each municipality
located within the FAB boundary.

Table 5: Stats Can Household Types were divided into 4 representative archetypes used by NRCAN when classifying
different residential properties based on energy consumption.

Dwelling Type:

Single

Single

Detached

Attached

Mobile
Apartment

Single-detached house
Apartment, building that has five or more storeys
Movable dwelling
Semi-detached house
Row house
Apartment, duplex
Apartment, building that has fewer than five storeys
Other single-attached house

Equation 1:

GHGI = (GHGt / HC) x CF
GHGI – GHG Intensity (tCO2-e/household)
GHGt - Total GHG Emissions (MtCO2-e)
HC - # of Households (per Archetype)
CF – Conversion Factor (1000, 000 tCO2-e/MtCO2-e)

Equation 2:

GHGe = D x GHGI
GHGe – Estimated GHG Emissions (per Dwelling Type)
D – # of Dwellings
GHGI – GHG Intensity (tCO2-e/household)
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House

Table 6: Estimated Energy and GHG Intensities for the different archetypes outlined in the NRCAN Comprehensive
Energy Use Database.
Dwelling Type:
Housing
Energy Intensity
Total GHG
GHG Intensity
Stock
(GJ/household)
(MtCO2e)
(tCO2e/household)
Single Detached
2,858,400
130.8
14.1
4.93
Single Attached
Apartment
Mobile House

709,100

96.4

2.60

3.67

1,425,400

58.1

3.10

2.17

18,000

142.9

0.1

5.56

Table 7: Estimated GHG emissions (tonnes of CO2-equivalents) per household type in the biosphere reserve.
Dwelling Type:
Estimated
Estimated GHG
# of Households
Estimated
Energy
Intensity
Emissions
Intensity
(tCO2e/household)
(tCO2e)
(GJ/household)
Single-detached house
130.8
4.93
20,541
101,325.25
Apartment, building that has
58.1
2.17
650
1,413.64
five or more storeys
Movable dwelling

142.9

5.56

125

694.44

Semi-detached house

96.4

3.67

1,249

4,579.61

Row house

96.4

3.67

955

3,501.62

Apartment, duplex
Apartment, building that has
fewer than five storeys

58.1
58.1

2.17
2.17

280
3,737

608.95
8,127.33

Other single-attached house

96.4

3.67

135

494.99

3.2.2.3 Methods – Commercial/Industrial:
Primary data regarding energy use from commercial/industrial buildings within each municipality
was attained from their local Utilities. For areas that are intersected by the FAB boundary, estimates
regarding the number of commercial/industrial customers located within the boundary were determined
by estimating the number of businesses per 1000 people of the population based on estimates attained
from Stats Canada’s Survey of Businesses (Equation 3) (Table 8). Estimates of the number of business
locations (commercial and industrial) were verified against Urban/Rural Delivery Counts from Canada
Post (Table 9). Estimates regarding the average amount of electricity consumed per
commercial/industrial business were determined by dividing the overall consumption found in the
primary data by the estimated number of businesses located within the municipality (Equation 4)(Tables
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10a & 10b). These values were then multiplied by the estimated number of business locations found
within the FAB in order to determine the overall electricity consumption. The amount of GHG emissions
generated from commercial/industrial electricity use was then determined by multiplying the electricity
consumption by electricity emissions factors for Ontario attained from Environment Canada (Equation
5). Assumptions regarding other potential fuel type use were determined based on known fuel use
consumption in municipal facilities within the region based on the assumption that commercial/industrial
facilities utilize a similar fuel type mix (Table 11).

Equation 3:

Estimated # of Businesses (B) = BL x P/1000
P – Estimated Population (per municipality)
BL - # of Business Locations per 1000 people (Stats Can, 2011)

Table 8: Estimated # of Businesses in the FAB based off of Stats Can’s Survey of Businesses.
Municipality
Estimated # of Businesses
South Frontenac
Rideau Lakes
Westport
Leeds and Thousand Islands
Athens
Front of Yonge
Gananoque
Brockville
Elizabethtown-Kitley

1,195
213
41
612
135
177
343
1,443
222

Table 9: Estimates using the Stats tics Canada (Stats Can) Survey of Businesses were verified against Canada Post
estimates and were found to correlate quite well. Canada Post numbers include “Businesses” and “Farms”.
The comparison shows an almost 1 to 1 ratio for all instance where data was available.
Municipality
Population
Urban/Rural
Estimated # of
Estimated # of
Difference
Businesses
Businesses
(StatsCan)
(Canada Post)
South Frontenac
18,113 Rural
1,195
Rideau Lakes

3,228

Rural

213

628

Rural

41

42

0.987

Leeds and Thousand
Islands
Athens

9,277

Rural

612

596

1.027

2,040

Rural

135

Front of Yonge

2,680

Rural

177

208

0.850

Gananoque

5,194

Urban (<30000)

343

349

0.982

Brockville

21,870

Urban (<30000)

1,443

1,159

1.245

Westport

ElizabethtownKitley

3,369

Rural

222
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Equation 4:

ECb = ECt/ B
ECb – Energy Consumption per Business (kWh/business)
ECt – Total Energy Consumption attained from utilities (kWh)
B – Estimated # of Businesses in each municipality

Table 10a: Estimates of the average amount of electricity (in kWh) used per business in each municipality in the Frontenac
Arch Biosphere Reserve (FAB).
Municipality
Population
Estimated # of
kWh for
Estimated kWh per
Businesses
Commercial &
Business
Industrial
South Frontenac
18,113
1,195
23,101,778
19,325
Rideau Lakes
10,207
674
16,372,635
24,304
Westport
628
41
4,208,374
101,534
Leeds and Thousand Islands
9,277
612
65,832,325
107,520
Athens
3,118
206
5,579,579
27,113
Front of Yonge
2,680
177
2,705,902
15,298
Gananoque
5,194
343
30,540,000
89,089
Brockville
21,870
1,443
249,647,766
172,956
Elizabethtown-Kitley
9,724
642
32,283,209
50,302

Table 10b: Estimates of the amount of electricity used (in kWh) by municipalities intersected by the FAB boundary
Municipality
Estimated # of Businesses In FAB
Estimated kWh for 2011
Rideau Lakes

213

5,177,453

Athens

135

3,650,838

Elizabethtown-Kitley

222

11,184,404

Table 11: Estimated fuel mix amongst municipal buildings within the Frontenac Arch Biosphere Reserve (FAB) based on
primary data attained from municipal GHG inventory reports. These values were used in the calculations for
commercial/industrial buildings under the assumption that the fuel mixes for municipal buildings are relatively
similar to those for commercial/industrial buildings within a relatively rural community such as the FAB.

Municipality

Estimated GHG Contribution for Municipal and Commercial/Industrial
Building Fuel Types (%)
Electricity

Propane

Oil

Natural Gas

Wood

Total (100%):

South Frontenac

11

20

69

0

0

100

Rideau Lakes

100

0

0

0

0

100

Westport

100

0

0

0

0

100

Leeds and Thousand Islands

32

43

25

0

0

100

Athens

9

0

0

91

0

100

Front of Yonge

23

18

59

0

0

100

Gananoque

41

0

0

59

0

100

Brockville

71

0

0

29

0

100

Elizabethtown-Kitley

12

0

45

43

0

100

Note: These are based on a sample of municipal buildings attained from municipal inventory reports. The assumption is that relative contributions from
different fuel sources are the same for commercial/industrial buildings as they are for municipal buildings
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Equation 5:

GHG Emissions (tCO2-e) = ECb x Bb x EF
ECb – Energy Consumption per Business (kWh/business)
Bb – Estimated # of Businesses within the biosphere reserve
EF – Emission Factor (tCO2-e/kWh)

3.2.2.4 Methods – Municipal:
According to the Green Energy Act of 2009, municipalities in Ontario were required to report
energy consumption and GHG emissions from municipal activities for the base year of 2011 (Province of
Ontario, 2014). As a result, primary data was easily accessible from most municipal administration
(except Rideau Lakes), although, GIS was required in order to specify the buildings and activities located
within the FAB boundary. Emissions and energy consumption inventories were attained from
municipalities located within the FAB in the form of Excel Spreadsheets. This information has also
recently been made available to the public online as a part of the “Ontario Open Data” Catalogue found
on the Province of Ontario’s website (Province of Ontario, 2014). However, there were data missing for
the Township of Rideau Lakes who were unable to produce a 2011 report, and therefore they were
excluded from the municipal portion of this inventory. While this is a data gap for this inventory year, this
will hopefully not be an issue in future years as municipalities will be continuously required to report on a
yearly basis. Using ArcGIS in combination with Google Earth, relative locations of municipal facilities
were determined with those that are located within the FAB boundary being accounted for in the
inventory while those located outside being excluded (Figure 7). In most instances, municipal facilities
were typically located within the region. However, there were cases where administrative offices were
located in other cities outside of the boundary of study, such as Toronto. GHG emissions for each
municipality were divided into different property classifications and an overall comparison of municipal
emissions was performed.

40

Figure 7: Image from Google Earth showing municipal facilities in Athens, Ontario, that are located at the
edge of FAB boundary (denoted by the red line). Facilities located south of the boundary (blue
pins) were included in the inventory while those located north of the boundary (red pins) were not.
The same approach would be applied to Rideau Lakes as well as Elizabethtown-Kitley.

3.2.3 Transportation
3.2.3.1 Description of Emission Source:
Since the FAB mostly consists of small communities with little to no connection between each
other through means of public transit, it is assumed that the majority of the community members make
use of some form of private vehicle. This emission source will therefore focus on emissions from
passenger vehicle use within the FAB. Emissions from vehicles owned by businesses and public
administration could not be explored due to limitations regarding data availability. While there are
surrogate data sources that can be utilized to determine residential estimates, the commercial/industrial
and municipal sectors do not have such sources available and therefore had to be excluded from this
inventory.
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3.2.3.2 Methods:
Average vehicle fuel purchase estimates for different household types in the year 2011 were
attained from Stats Can’s 2011 Survey of Household Spending. Data regarding the different family
structures of households within the region were attained from the 2011 Census Profiles (Table 12). For
municipalities that are intersected by the FAB boundary, estimates of fuel purchases were made based on
the size of their population (populations of <30000 were considered to be “Rural”). Estimates of the
amount of money spent on vehicle fuel in each municipality were then determined by multiplying the
average fuel expenses per household by the estimated number of different households located within the
regions (Tables 13a & 13b). Estimates of the amount of fuel purchased (in liters) were determined by
multiplying the overall expenses for each community within the FAB by the average fuel cost values
attained from the Ministry of Transportation’s database (Tables 14a & 14b). Assuming that fuel sales
were primarily from the sale of Regular Gasoline and Diesel, estimates were made regarding the
proportion of gasoline and diesel purchased in each municipality by multiplying fuel expenses by the
respective number of household demographic types within the region (Table 15). Fuel consumption
estimates were then multiplied by their respective emissions factors and GWP values attained from
Environment Canada and the UNFCCC (Tables 16a and 16b)(Equation 7).
Table 12: A combination of the household demographics found within the municipalities located wholly within the Frontenac Arch
Biosphere (FAB) Reserve attained from 2011 Census data with average estimates of the amount of money spent on fuel for each
household type in Ontario attained from the 2011 Survey of Household Spending.
Household Type
Estimated $$$ on
South
Westport
Leeds and the
Front of
Gananoque
Brockville
Fuel per
Frontenac
($$$)
Thousand
Yonge
($$$)
($$$)
Household Type
($$$)
Islands
($$$)
(in Dollars $)
($$$)
6,800
320
3,695
1,030
2,345
10,230
Total Household
Count
One person
Couple w/o children

1,251.00

1,050

145

680

175

775

3,675

2,801.00

2,540

95

1,495

410

705

2,860

Couple w/ children

3,787.00

2,460

50

1,105

320

495

2,025

Couples with other
related or unrelated
persons (3+)

3,595.00

115

10

80

35

65

80

Lone Parents w/ no
additional residents

2,232.00

480

20

290

70

280

1,215

Other

2,175.00

155

0

45

20

25

375
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Table 13a: Estimated amount of money spent on vehicle fuel by residents living within the Frontenac Arch Biosphere (FAB) Reserve.
Household Type
Estimated Amount of $$$ Spent on Vehicle Fuel for each Municipality located in the FAB
(includes gasoline and diesel)
South Frontenac
Westport
Leeds and the
Front of
Gananoque
Brockville
Thousand Islands
Yonge
One person

1,313,550.00

181,395.00

850,680.00

218,925.00

969,525.00

4,597,425.00

Couple w/o children

7,114,540.00

266,095.00

4,187,495.00

1,148,410.00

1,974,705.00

8,010,860.00

Couple w/ children

9,316,020.00

189,350.00

4,184,635.00

1,211,840.00

1,874,565.00

7,668,675.00

Couples with other
related or unrelated
persons (3+)
Lone Parents w/ no
additional residents

413,425.00

35,950.00

287,600.00

125,825.00

233,675.00

287,600.00

1,071,360.00

44,640.00

647,280.00

156,240.00

624,960.00

2,711,880.00

337,125.00

0.00

97,875.00

43,500.00

54,375.00

815,625.00

19,566,020.00

717,430.00

10,255,565.00

2,904,740.00

5,731,805.00

24,092,065.00

Other
Total:

Table 13b: Estimated amount of money spent by residents located in the municipalities intersected by the biosphere reserve boundary.
Municipality
Population
Population
Urban/Rural
Estimated
Estimated Spending
$$$ Spent on
Density
Household
for Car Fuel
Fuel in 2011
Count
($ per Household)
Rideau Lakes
3,228
14 Rural
1,106
3,745
4,141,970.00
Athens
2,040
24.4 Rural
800
3,745
2,996,000.00
Elizabethtown-Kitley
3,369
17.4 Rural
1,356
3,745
5,078,220.00

Table 14a: Average fuel prices in Ontario for 2011. Prices for Regular Gasoline Table 14b: Relative amounts of gasoline and diesel sold in
and Diesel were used for calculating the amount of fuel sold.
communities within Ontario in the year 2011
Fuel Type:
Average Fuel
Average Fuel
Fuel sales in Ontario in 2011:
Price in 2011
Price in 2011
%
Fuel Type:
Amount Sold (1000 L):
(cents per litre)
($ per litre)
Gasoline
15,613,137
75.67
Regular Gasoline
124.1
1.241
5,020,838
24.33
Midgrade Unleaded Gasoline
132.1
1.321 Diesel
Total:

20,633,975

100.00

Premium Gasoline

137.6

1.376

Diesel

124.6

1.246 Taken from: http://www.statcan.gc.ca/tables-tableaux/sumsom/l01/cst01/trade37b-eng.htm

Taken From: http://www.energy.gov.on.ca/en/fuel-prices/#.UwkFmPldWs9

Equation 6:

Fc = Fm x Fp x Ft
Fc – Fuel Consumption (L)
Fm – Amount of money Spent on Fuel ($$$)
Fp – Price of fuel in 2011 ($$$/L)
Ft - % of money estimated to have been spent on either Gasoline or Diesel in Ontario in 2011
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Table 15: Estimated amount of fuel purchased and used (in liters) for each municipality located within the biosphere reserve.
Municipality:

Estimated Amount of $$$
Spent on Fuel from
Passenger Vehicles

Estimated Amount of Money Spent
per Fuel Type
(in $$$)
Gasoline

South Frontenac

Estimated Amount of Fuel Use (L)

Diesel

Gasoline

Diesel

19,566,020.00

14,805,046

4,760,974

18,373,062

5,932,174

4,141,970.00

3,134,110

1,007,860

3,889,430

1,255,794

717,430.00

542,859

174,571

673,688

217,516

10,255,565.00

7,760,092

2,495,473

9,630,274

3,109,360

2,996,000.00

2,266,987

729,013

2,813,331

908,350

Front of Yonge

2,904,740.00

2,197,933

706,807

2,727,635

880,681

Gananoque

5,731,805.00

4,337,092

1,394,713

5,382,331

1,737,812

Brockville

24,092,065.00

18,229,774

5,862,291

22,623,150

7,304,414

5,078,220.00

3,842,543

1,235,677

4,768,596

1,539,653

Rideau Lakes
Westport
Leeds and the
Thousand Islands
Athens

Elizabethtown-Kitley

Table 16a: Emission factors for gasoline and diesel powered vehicles in Ontario attained from Environment Canada.
Emissions Factors (gCO2/L):
CO2
CH4
N2O
Gasoline Vehicles

2289

0.14

0.022

Diesel Vehicles

2663

0.1

0.16

Taken from: https://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=AC2B7641-1#section4

Table 16b: Global warming potential for the three main GHGs: carbon dioxide, methane and nitrous oxide. 100 year values
are typically used as the standard in GHG inventories.
GHG Type:

Global Warming Potential (GWP)
20 years

CO2

100 years
1

500 years
1

1

CH4

56

21

6.5

N2O

280

310

170

Taken from: https://unfccc.int/ghg_data/items/3825.php

Equation 7:

GHG Emissions (tCO2-e) = Fc x EF x GWP
Fc – Fuel consumption (L)
EF – Emission Factor (tCO2-e/L fuel)
GWP – Global Warming Potential (for CO2, CH4 and N2O)
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3.2.4 Waste Management
3.2.4.1 Description of Emission Source:
There are a variety of waste disposal sites located within the FAB. Waste Diversion Ontario
(WDO) gathers information regarding the amount of residential waste disposed of within each
municipality in Ontario and determines the amount of waste that has been diverted versus the amount of
waste that has be landfilled or incinerated. With regards to wastewater treatment, there are four
municipalities that have been found to have centralized wastewater treatment services: Brockville,
Gananoque, Westport, and Leeds and the Thousand Islands. Brockville has a centralized wastewater
treatment plant while Gananoque, Westport, and Leeds and the Thousand Islands utilize anaerobic
sewage lagoons to collect their wastewater. For the other municipalities, it is assumed that their residents
are utilizing personal septic systems.

3.2.4.2 Methods – Solid Waste Management (SWM):
The amount of solid waste collected per municipality was attained from Waste Diversion
Ontario’s 2011 dataset (WDO, 2011). The typical method for determining waste generated from a
population is to determine the amount of waste generated per capita. Therefore, estimates were made
regarding the amount of waste generated by the reported population of regular residents in the region as
well as the amount of waste generated from seasonal residents under the assumption that seasonal
residents produced approximately 46.6% the amount of waste that regular residents produced (Table 17).
This assumption is based on the research of Mihai (2013) who estimated the amount of days of seasonal
residency in an industrialized country to be approximately 170 days of the year (170/365=0.466). For
municipalities intersected by the FAB boundary, Stats Can Census Population data in conjunction with
rough estimates regarding the % of Seasonal Population per Regular Resident were used to determine the
populations within the intersected regions (Table 18). Using these factors, the amount of waste generated
per municipality within the FAB was determined (Table 19).The amount of methane produced due to
landfilling was then estimated by multiplying the estimated amount of waste generated by the emission
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factor 83kgCH4/tonne of waste landfilled attained from Environment Canada (Environment Canada,
2013)(Equation 8). Estimates of methane emissions were then converted into tonnes of CO2-e by
multiplying by the Global Warming Potential (GWP) attained from the UNFCCC website.

Table 17: Estimates regarding the amount of waste landfilled from regular and seasonal residents with the FAB. It is assumed that
seasonal residents produce approximately 0.466 the amount of the waste of regular residents. Rideau Lakes, Athens and
Elizabethtown-Kitley require more work due their being intersected by the FAB boundary.
MUNICIPALITY:

Rideau Lakes/Westport
Gananoque
Brockville
Athens
Leeds and the Thousand Islands
Front of Yonge
South Frontenac
Elizabethtown-Kitley

Reported
Population

Seasonal
Population

10,630
4,369
21,870
3,118
8,874
2,803
18,112
9,724

974
0
0
58
673
42
1,248
99

Total Waste
Landfilled
(Tonnes)

Estimated Waste
Landfilled by Regular
Residents
(Tonnes per Person)

2,933.99
1,095.09
4,541.72
738.78
2,335.46
710.80
4,560.86
2,388.09

Estimated Waste
Landfilled by
Seasonal Resident
(Tonnes per Person)

0.265
0.251
0.208
0.235
0.254
0.252
0.244
0.244

0.123
0.117
0.097
0.109
0.118
0.117
0.114
0.114

Table 18: Estimates regarding the proportion of the population that would be considered to be seasonal in the
intersected municipalities. (WDO, 2011)
MUNICIPALITY:

% Seasonal Population

Estimated Seasonal
Population in FAB

Rideau Lakes/Westport

9.164

353.4

Athens

1.871

38.17

Elizabethtown-Kitley

0.010

0.34

Table 19: The estimated amount of waste generated from regular and seasonal residents as well as the estimated overall amount of waste
landfilled by the communities within the FAB. (WDO, 2011)
MUNICIPALITY:

Rideau Lakes/Westport
Gananoque
Brockville
Athens
Leeds and the Thousand Islands
Front of Yonge
South Frontenac
Elizabethtown-Kitley
Total:

Reported
Population in
the FAB

3,856
4,369
21,870
2,040
8,874
2,803
18,112
3,369
65,293

Seasonal
Population in
the FAB

353
0
0
38
673
42
1,248
0
2,354
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Estimated
Amount of
Waste
Landfilled from
Reported
Population
(Tonnes)
1,021
1,095
4,542
479
2,256
706
4,419
823
15,341

Estimated Amount of
Waste Landfilled from
Seasonal Population
(Tonnes)

44
0
0
4
80
5
142
0
274

Total Waste
Landfilled
(Tonnes)

1,064
1,095
4,542
483
2,335
711
4,561
823
15,615

Equation 8:

GHG Emissions (tCO2-e) = (Wr + Ws) x EF x GWPm x CF
Wr – Estimated amount of waste landfilled by Regular Residents (in tonnes)
Ws – Estimated amount of waste landfilled by Seasonal Residents (in tonnes)
EF – Default emission factor from Environment Canada (88kg CH4/tonne waste landfilled)
GWPm – Global Warming Potential for methane (CH4)
CF – Conversion Factor (1000kg/tonne)

3.2.4.3 Methods – Wastewater Treatment (WWT):
Primary data regarding the amount of methane emissions produced from anaerobic digestion was
attained from municipal facilities in areas where they may be present. The different wastewater
management methods within each of the communities were determined through inquiry from municipal
administrations. Within the FAB, there are four main wastewater treatment facilities serving their four
respective communities: Gananoque, Brockville, Westport, and Leeds and the Thousand Islands. The
City of Brockville is the only community that utilizes an anaerobic wastewater treatment facility, while
Gananoque, Westport and Leeds and the Thousand Islands are known to transport their wastewater to
sewage lagoons. Within these communities, some households are connected to a centralized municipal
wastewater treatment service while others utilize personal septic systems. Based on information provided
by municipal administration, it is estimated that approximately 128 people out of the 628 person
population of Westport are on septic, while the remaining 500 people are having their waste taken to
sewage lagoons. The situation is different for Leeds and the Thousand Islands where approximately 620
people are estimated to be utilizing sewage lagoons while the remaining population which represents the
majority is assumed to be utilizing septic systems. In order to determine emissions generated from
wastewater within the community, default methods from the 2006 IPCC guidelines were applied (IPCC,
2006). Using Equation 9, the total amount of organic waste (TOW) in the wastewater for each
community was determined by multiplying the estimated population within the region by the estimated
biological oxygen demand (BOD) with a default correction factor of 1.25 being applied under the
assumption that all sewage is collected. The emission factors for each WWT method were determined by
multiplying the maximum CH4 generating capacity (Bo = 0.6kgCH4/kgBOD) by the default methane
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correction factor (MCF) for each method (MCF – refer to Figure 8) (Equation 10). Estimated GHG
emissions were then determined by multiplying the TOW by the EF as well as the Global Warming
Potential (GWP) for methane (Equation 11). The variables used for these equations can be found in
Tables 20a & 20b.
Equation 9:

TOW = P x BOD x Fc x 365d/yr
TOW – Total Organics in Wastewater (kg/BOD/yr)
P – Population
BOD – Estimate BOD for Canada (0.060kg/person/day)
Fc - Correction Factor (Default of 1.25)

Equation 10:

EF = Bo x MCF
EF – Emission Factor (kgCH4/kgBOD)
Bo – Max. CH4 producing capacity (0.6kgCH4/kgBOD)
MCF – Methane Correction Factor
MCF (deep lagoon) – 0.8
MCF (Septic) – 0.5
MCF (Anaerobic Treatment Plant) – 0

Figure 8: Default methane correction factors attained from 2006 IPCC Guidelines.
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GHG Emissions (tCO2-e) = TOW x EF x GWPm

Equation 11:

TOW – Total Organics in Wastewater (kg/BOD/yr)
EF – Emission Factor (kgCH4/kgBOD)
GWPm – Global Warming Potential for CH4

Table 20a: Factors utilized for estimating emissions from the sewage lagoons in Westport and Gananoque as well as
the emissions from the anaerobic digesters from the wastewater treatment plant in Brockville. Methane
emissions from the Brockville plant were attained from primary data provided by municipal
administration while estimates for the lagoons were made solely based on IPCC methods.
Municipality:

Westport

Estimated
Population

Total Organic Waste
(TOW)

Methane Correction
Factor
(MCF)

Emission
Factor
(EF)

528

14,454

0.8

0.48

Gananoque

5,194

142,186

0.8

0.48

Brockville

17,111

468,416

kg CH4
Emissions

GHG
Emissions
(tCO2-e)

6,937.92

146

68,249.16

1,433

210,899.28

4,429

Table 20b: Factors utilized for estimating emissions from the portion of the population utilizing septic systems.
Municipality:

18,113

495,843

Methane
Correction
Factor
(MCF)
0.5

0.3

148753.01

3,124

3,228

88,359

0.5

0.3

26507.64

557

100

2,738

0.5

0.3

821.25

17

Leeds and Thousand
Islands
Athens

9,277

253,958

0.5

0.3

76187.36

1,600

2,040

55,850

0.5

0.3

16754.93

352

Front of Yonge

2,680

73,365

0.5

0.3

22009.50

462

Brockville

4,759

130,275

0.5

0.3

39082.56

821

Elizabethtown-Kitley

3,369

92,222

0.5

0.3

27666.64

581

South Frontenac
Rideau Lakes
Westport

Estimated
Population

Total Organic
Waste
(TOW)
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Emissions
Factor
(EF)

kg CH4
Emissions

GHG
Emissions
(tCO2-e)

3.2.5 Agriculture
3.2.5.1 Description of Emission Source:
Being a relatively rural community, agriculture is expected to play a significant role in generating
GHG emissions within the FAB. The FAB has numerous farms where livestock of different types are
being reared. Certain communities are more rural than others and this is reflected by the difference in the
number of farms located in different parts of the region. This emission source will focus on emissions
from livestock management since this is a data source which has been typically considered in national
inventories and has data which is readily available on which to base estimates.

3.2.5.2 Methods – Enteric Fermentation & Manure Management:
Livestock counts per Consolidated Subdivision (CSD) were extracted from the 2011 Agricultural
Census of Canada (Statistics Canada, 2011b). GIS was used in order to determine the amount of Land
Area (LA) from each CSD located within the FAB Boundary (Figure 9) which was used to make
estimates regarding the density of farms within the region as well as the # of different livestock types per
farm (Tables 21a & 21b). The farm densities were multiplied by the estimated Land Area located within
the FAB to determine an estimate of the # of Farms located within the FAB (Tables 22a & 22b). The # of
Farms was then multiplied by the Avg. # of different livestock types per Farm (Tables 23a & 23b) to
determine an estimate of the # of livestock within the region (Equation 12) (Tables 24a & 24b).
Estimated # of Livestock was then multiplied by 2011 emission factors found in Environment Canada’s
yearly GHG inventory (Environment Canada, 2011) (Table 25) in order to estimate the amount of
methane produced through enteric fermentation and manure management. Estimates of the amount of
methane produced from livestock within the FAB were further multiplied by the GWP for methane
(Equation 13).
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Figure 9: Map of the Census Consolidated Subdivisions (CCS) located within the Frontenac Arch Biosphere
(FAB) Reserve. This is the scale to which the Census of Agriculture is divided. Westport is
consolidated with Rideau Lakes, Gananoque is consolidated with Leeds and the Thousand Islands,
and Brockville is consolidated with Elizabethtown-Kitley.

Table 21a: Average number of Cattle Farms in each one of the CCS areas within the FAB.
Census Consolidated
Subdivision:

Farm Density (farms per sq. km) – Cattle Livestock
Land Area Before
Intersection
578.62

Heifers for
Slaughter
0.038

Beef
Heifers
0.076

Dairy
Heifers
0.033

Beef
Cows
0.137

Dairy
Cows
0.033

Bulls
0.114

0.166

0.064

Leeds and the
Thousand Islands
Athens

619.72

0.042

0.050

0.061

0.119

0.060

0.115

0.182

0.063

127.79

0.047

0.070

0.039

0.133

0.047

0.141

0.180

0.070

South Frontenac

978.28

0.022

0.070

0.027

0.111

0.027

0.096

0.129

0.041

Rideau Lakes

730.94

0.036

0.075

0.038

0.133

0.041

0.108

0.164

0.051

Front of Yonge

128.28

0.039

0.062

0.047

0.117

0.047

0.086

0.164

0.031

Elizabethtown-Kitley
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Steers

Calves

Table 21b: Average number of Non-Cattle Farms in each one of the CCS areas within the FAB.
Farm Density (farms per sq. km) – Non-Cattle Livestock

Census Consolidated Subdivision:

Land Area Before
Intersection
578.62

Elizabethtown-Kitley

Sheep

Pig

Horses

Goats

Buffalo

0.043

0.010

0.092

0.021

0.000

Leeds and the Thousand Islands

619.72

0.037

0.011

0.066

0.019

0.002

Athens

127.79

0.016

0.000

0.078

0.000

0.000

South Frontenac

978.28

0.016

0.005

0.050

0.017

0.000

Rideau Lakes

730.94

0.027

0.008

0.090

0.011

0.000

Front of Yonge

128.28

0.023

0.016

0.070

0.000

0.000

Table 22a: Table showing the number of cattle farms within the region of study determined by multiplying the Farm Density by the
Land Area (LA) within the FAB determined through use of GIS.
Census Consolidated
Subdivision:

Estimated Number of Cattle Farms in the FAB
Land Area After
Intersection (LA)
111.98

Heifers for
Slaughter
4

Beef
Cows
15

Dairy
Cows
4

Bulls

9

Dairy
Heifers
4

13

19

7

Leeds and the Thousand
Islands
Athens

607.47

25

30

37

73

36

70

111

38

77.91

4

5

3

10

4

11

14

5

South Frontenac

977.00

22

68

26

109

26

94

126

40

Rideau Lakes

285.26

10

21

11

38

12

31

47

14

Front of Yonge

128.28

5

8

6

15

6

11

21

4

Elizabethtown-Kitley

Beef
Heifers

Steers

Calves

Table 22b: Table showing the number of non-cattle farms within the region of study determined by multiplying the
Farm Density by the Land Area (LA) within the FAB determined through use of GIS.
Census Consolidated Subdivision:

Estimated Number of Non-Cattle Farms in the FAB
Land Area After
Intersection (LA)
111.98

Sheep

Pig

Horses

Goats

Buffalo

5

1

10

2

0

607.47

23

7

40

12

1

77.91

1

0

6

0

0

South Frontenac

977.00

16

5

49

17

0

Rideau Lakes

285.26

8

2

26

3

0

Front of Yonge

128.28

3

2

9

0

0

Elizabethtown-Kitley
Leeds and the Thousand Islands
Athens
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Table 23a: Average number of cattle livestock per farm within the region as determined from the 2011 Census of
Agriculture.
Census Consolidated
Subdivision:

Average Number of Cattle Livestock per Farm (Lavg)
Heifers for
Slaughter
6

7

Dairy
Heifers
51

1

15

6

Leeds and the
Thousand Islands
Athens

18

9

34

27

61

2

19

12

32

12

33

31

56

2

25

18

South Frontenac

11

6

24

18

41

2

13

5

5

5

33

19

54

1

17

4

12

11

28

11

77

1

15

3

Elizabethtown-Kitley

Rideau Lakes
Front of Yonge

Beef Heifers

Beef
Cows
17

Dairy
Cows
91

Bulls

Steers

Calves

Table 23b: Average number of non-cattle livestock per farm within the region a determined from the 2011 Census of
Agriculture.
Average Number of Non-Cattle Livestock per Farm (Lavg)

Census Consolidated Subdivision:
Sheep

Pig

Horses

Goats

Buffalo

49

X

7

31

0

130

X

5

15

0

X

X

5

0

0

197

X

7

25

0

Rideau Lakes

50

17

7

7

0

Front of Yonge

X

X

4

0

0

Elizabethtown-Kitley
Leeds and the Thousand Islands
Athens
South Frontenac

Equation 12:

Livestock Count (LC) = LA x FD x Lavg
LC– Livestock Count (heads)
LA – Land Area located in the FAB (km2)

FD – Farm Density per livestock type (# of farms/km2)
Lavg – Average # of Livestock per Farm (heads/farm)

Table 24a: The estimated number of cattle livestock within the FAB determined through use of GIS and Census of
Agriculture data.
Census Consolidated
Subdivision:
Elizabethtown-Kitley
Leeds and the Thousand
Islands
Athens
South Frontenac
Rideau Lakes
Front of Yonge
Total:

Estimated Number of Cattle Livestock in the FAB (LC)
Heifers for
Slaughter
24
469

Beef
Heifers
56
275

Dairy
Heifers
188
1,271

Beef
Cows
264
1,976

Dairy
Cows
333
2,203

116
252
51
60
971

65
395
117
84
993

100
614
360
166
2,699

321
1,965
719
166
5,412

204
1,053
638
461
4,891
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Bulls

Steers

Calves

18
158

284
2,145

43
456

24
162
42
11
415

349
1,651
799
310
5,538

99
184
57
11
850

Table 24b: The estimated number of non-cattle livestock within the FAB determined through use of GIS and Census
of Agriculture data.
Estimated Number of Non-Cattle Livestock in the FAB (LC)
Census Consolidated Subdivision:
Sheep
236
2,995
X
3,151
387
X
6,768

Elizabethtown-Kitley
Leeds and the Thousand Islands
Athens
South Frontenac
Rideau Lakes
Front of Yonge
Total

Pig
X
X
X
X
41
X
41

Horses

Goats
74
224
32
324
182
34
871

Buffalo
72
181
0
423
22
0
698

0
0
0
0
0
0
0

Table 25: Emissions Factors from Environment Canada for enteric fermentation and manure management of different livestock
types in Canada
Livestock Type:
Animal Types:
Enteric Fermentation,
Manure Management,
kg CH4/head/year
Cattle

Bulls

88

3.3

127.6

27.7

85

3.2

Dairy heifers

72.4

19.2

Beef Heifers

70.2

2.5

61

1.8

Steers

54.8

1.5

Calves

39.6

1.6

Sheep

8

0.3

Goats

5

0.3

Horses

18

2.3

Pigs

1.5

Buffalo

55

Dairy Cows
Beef Cows

Heifers for slaughter

Non-Cattle

kg CH4/head/year

Note: Values were taken from the 2011 GHG Inventory for Canada (Environment Canada, 2013)

Equation 13:

GHG Emissions (tCO2-e) =LC x EF x GWPm x CF
LC– Livestock Count (heads)
EF – Emission factors attained from Environment Canada (kgCH4/head)

GWPm – Global Warming Potential for methane (CH4)
CF – Conversion Factor (1000kg/tonne)
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Chapter 4
Results
4.1

Energy Use
The results for Residential Energy Use can be found in Table 26. For all municipalities within the

FAB, it was found that the most significant contributor to residential GHG emissions were singledetached households, most likely due to the fact that the vast majority of the household stock in the region
consists of this particular dwelling type (Figures 10a & 10b) which is typical of a relatively rural
community. The municipality that generated the most GHG emissions was Brockville with 32% of
residential emissions originating from this region, while the smallest contributor was Westport with a
contribution of approximately 1% (Figure 11). There is clear correlation between the population
size/density within a region and the amount of GHG emissions being generated.

Table 26: Estimated GHG emissions (in tonnes of CO2-equivalents) generated from residential properties within the FAB for
the year 2011. Divided by household type and municipality
Dwelling Type:
Estimated GHG Emission (tCO2-e) per Household Type

South
Frontenac

Single-detached house
Apartment, building that
has five or more storeys

Rideau
Lakes

Westport

Leeds and
the
Thousand
Islands

Athens

Front of
Yonge

Gananoque

Brockville

Elizabethtown
-Kitley

31,940
0

4,953
0

1,061
0

17,635
0

3,779
0

4,884
0

6,363
163

24,418
1,251

6,294
0

Movable dwelling

306

139

0

83

0

28

28

0

111

Semi-detached house

183

51

37

110

73

18

807

3,263

37

55

73

55

18

18

37

513

2,713

18

141
304

11
83

11
141

43
98

0
9

11
33

120
1,207

272
6,155

0
98

18

0

18

0

18

0

18

422

0

32,948

5,310

1,323

17,988

3,897

5,010

9,219

38,493

6,558

Row house
Apartment, duplex
Apartment, building that
has fewer than five
storeys
Other single-attached
house

Total:
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Estimated GHG Emission (tCO2-e) per Household Type
GHG Emission ( tCO2-e)

35,000
Single-detached house

30,000
25,000
20,000

Apartment, building that has five or
more storeys

15,000

Movable dwelling

10,000

Semi-detached house

5,000
Row house

0

Apartment, duplex
Apartment, building that has fewer
than five storeys
Other single-attached house

Municipality

Figure 10a: Relative makeup of the different archetypal categories in the FAB shows a predominant presence
of single-detached households which account for the majority of the emissions from residential
buildings within the region.

Relative GHG Contribution from Different Dwelling
Types within the FAB
0%
4%
1%

3%

0%

Single-detached house

7%

Apartment, building that has five or more
storeys

1%

Movable dwelling
Semi-detached house
Row house
Apartment, duplex

84%

Apartment, building that has fewer than five
storeys
Other single-attached house

Figure 10b: Relative contribution of the different census dwelling types to the overall GHG emissions from the
residential sector.
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Residential GHG Emissions in the FAB
6%

South Frontenac

27%

Rideau Lakes
Westport
32%

Leeds and the Thousand Islands
Athens
Front of Yonge
4%
1%

Gananoque
Brockville
Elizabethtown-Kitley

15%

8%
4%

3%

Figure 11: Relative contributions of municipalities within the FAB to GHG emissions from residential buildings. Brockville and
South Frontenac are the most significant contributors to GHG emissions from the residential sectors. Westport was
found to be the smallest contributor to GHG emissions within the FAB.

The results from commercial/industrial buildings were found to follow a similar pattern (Table
27). Brockville was once again found to be the most significant contributor followed by South Frontenac
and then Leeds and the Thousand Island close behind (Figure 12). It is interesting to note that the gap
between South Frontenac and Leeds and the Thousand islands was much less than in the case of
residential emissions. It was once again found that Westport was the least significant, however the second
least significant contributor in this case was Rideau Lakes as opposed to Athens, as was the case for
residential buildings.
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Table 27: Estimated emissions from commercial/industrial buildings within the FAB.

Municipality

Electricity
Consumption
(kWh)

Estimated Commercial/Industrial GHG Emissions (tCO2-e)

23,101,778

1,848

3,199

11,351

Natural
Gas
0

Rideau Lakes

5,177,453

414

0

0

0

414

Westport

4,208,374

337

0

0

0

337

65,832,325

5,267

7,100

4,133

0

16,499

Athens

3,650,838

292

0

0

1,955

2,247

Front of Yonge

2,705,902

216

169

555

0

941

Gananoque

30,540,000

2,443

0

0

3,455

5,899

Brockville

249,647,766

19,972

0

0

8,273

28,245

11,184,404

895

0

3,330

3,207

7,431

396,048,840

31,684

10,468

19,370

16,890

78,412

South Frontenac

Leeds and Thousand Islands

Elizabethtown-Kitley
Total:

Electricity

Propane

Oil

Total
16,399

% GHG Emissions from Energy Use in Commercial/Industrial Buildings

9%
21%
South Frontenac
1%
0%

Rideau Lakes
Westport
Leeds and Thousand Islands
Athens
Front of Yonge

36%

Gananoque
21%

Brockville
Elizabethtown-Kitley

8%

3%
1%

Figure 12: Relative GHG emissions due to energy use from commercial/industrial buildings in the different municipalities
within the FAB.
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While results for municipal buildings were partially incomplete due to the lack of data for the
Township of Rideau Lakes, they do provide insight into which municipally-owned building types are the
most significant contributors to GHG emissions overall (Table 28). It was found that approximately 41%
of emissions came from “Storage facilities where equipment or vehicles are maintained, repaired or
stored”, 35% from “Fire Halls” and 19% from “Public Libraries”, while emissions from other facility
types were either quite small or negligible (Figure 13). Another important finding was that when
comparing the overall emissions from the municipalities that were included in this assessment, it was
found that overwhelming majority (approx. 93.58%) of emissions from municipal buildings were
generated in the Township of Front of Yonge, as shown in Table 28. This therefore indicates the presence
of significant emissions generating activities within this region of the FAB. When comparing the overall
emissions of all three sectors, it was found that energy use from residential buildings was the most
significant emissions source in this regard (Figure 14). Residential buildings were found to produce
almost half (49%) of emissions due to energy consumption within the FAB.

Table 28: Estimated GHG emissions from municipal buildings within the FAB as well as their relative fuel consumptions as
determined from primary data attained from municipal inventory reports. Estimates could not be included for Rideau
Lakes due to missing data during the time of this inventory.

Municipality:

Fuel Consumption
Electricity
(kWh)
68,994

Fuel Oil
(L)

GHG Emissions

Propane
(L)

NG
(m^2)

(tCO2-e)

%

20,667

5,295

0

39,792

93.58

1,164,542

0

0

0

128

0.30

101,412

33,779

0

0

72

0.17

1,613,303

0

0

96,542

312

0.73

65,212

0

0

26,317
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0.13

10,465,060

0

0

278,123

1,552

3.65

Leeds and the Thousand islands

845,530

23,987

72,761

0

261

0.61

South Frontenac

778,299

88,893

29,485

0

350

0.82

Rideau Lakes

----

----

----

----

----

15,102,352

167,326

42,521

100.00

Front of Yonge
Westport
Elizabethtown-Kitley
Gananonque
Athens
Brockville

Totals
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107,541

---400,982

% GHG Emissions Generated from Different Municipal
Building Types in the FAB
1%

0%

0%

0%

0%

Administrative offices and related facilities

0%

Community Centre

1%

Cultural facilities
Facilities related to the pumping of sewage
Facilities related to the pumping of water
Facilities related to the treatment of sewage
Facilities related to the treatment of water

41%

35%

Fire Hall
Fire stations and associated offices and facilities
Indoor ice rinks
Indoor recreational facilities
Museum
Parking garage
Performing arts facilities

1%
0%

19%
0%

0% 0%

0%

Police stations and associated offices and facilities

0%

Public libraries
Storage facilities where equipment or vehicles are
maintained, repaired or stored

Figure 13: A pie chart showing the relative amount of emissions generated from different municipal building types within
the FAB based on primary data.

Relative Contribution of Different Sectors to GHG Emissions within the
FAB due to Energy Use in Buildings

18%
(42,521 tCO2-e)

Residential
49%
(77,997 tCO2-e)

(115,436 tCO2-e)

Commercial/Industrial
Municipal

33%

Figure 14: A pie chart showing an overall comparison of emissions from residential, commercial/industrial, and municipal buildings
within the FAB. This comparison excludes Rideau Lakes in all sectors.
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4.2

Transportation
The estimated amount of GHG emissions generated due to passenger vehicle use within the FAB

are provided in Table 29. The results found that the communities with the larger populations as well as
relatively larger household makeups were the communities that were estimated to produce the most GHG
emissions. Therefore, a similar pattern was noticed in regards to transportation as there was for residential
energy use in which Brockville had the highest expected emissions followed by South Frontenac, and
Westport was found to have the least estimated GHG emissions generated due to the relatively small size
of the community. When looking at the impacts of household demography on transportation emissions,
the results indicate that, in most cases, there was an even split between “Couples w/ Children” and
“Couples w/o Children” for being the most significant contributors to GHG emissions from passenger
vehicle transportation (Figure 15).

Table 29: Estimated GHG emissions from passenger vehicle transportation for each community within the FAB. The
values are divided into different GHG types as well as the expected concentration over time based on their
expected atmospheric residency.
Municipality:
Estimated GHG Emissions (kg)
Estimated GHG Emissions
from Passenger Transportation
CO2

CH4

N2O

tCO2-e

South Frontenac

57,853,317.38

3,165.45

1,353.36

58,339.33

Rideau Lakes

12,247,084.74

670.10

286.49

12,349.97

2,121,315.70

116.07

49.62

2,139.14

30,323,921.62

1,659.17

709.36

30,578.67

8,858,650.81

484.70

207.23

8,933.07

Westport
Leeds and the Thousand Islands
Athens

8,588,810.86

469.94

200.92

8,660.96

Gananoque

16,947,950.26

927.31

396.46

17,090.33

Brockville

71,236,045.08

3,897.68

1,666.42

71,834.49

Elizabethtown-Kitley

15,015,413.12

821.57

351.25

15,141.55

223,192,510

12,212

5,221

225,067

Front of Yonge

Total:
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10,000,000.00
9,000,000.00
8,000,000.00

One person

7,000,000.00
Couple w/o children

6,000,000.00
5,000,000.00

Couple w/ children

4,000,000.00
3,000,000.00

Couples with other related or
unrelated persons (3+)

2,000,000.00
1,000,000.00

Lone Parents w/ no additional
residents

0.00
South
Frontenac

Westport

Leeds and
the
Thousand
Islands

Front of
Yonge

Gananoque Brockville

Other

Estimated Amount of $$$ Spent on Vehicle Fuel for each Municipality
located in the FAB (Includes gasoline and diesel)

Figure 15: A graph of the relative amount of money spent on fuel by different household types within the FAB.

4.3

Waste
The estimated GHG emissions generated due to residential solid waste management within the

FAB are provided in Table 30. The results show that the most significant contributors to GHG emissions
within this sector are once again Brockville and South Frontenac. However, it appears that the difference
between the two is relatively smaller compared to other sectors and that South Frontenac is actually the
most significant contributor although it has a smaller population than Brockville. In this instance, Athens
was found to be the least significant contributor, followed by Elizabethtown-Kitley and then Rideau
Lakes/Westport. It is important to note that it is quite possible that a similar pattern to other sectors in
which Westport was found to be the least significant contributor could also be present in this case as well,
however it cannot be precisely determined due to the fact that WDO has amalgamated the two
municipalities for their dataset.
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Table 30: Estimated GHG emissions expected to have been produced due to the decay of waste that has been
landfilled within the community.

Total Waste
Landfilled

Municipality:

Potential CH4
Emissions
kg CH4

(tonnes)
1,064
821
3,406
483
2,335

Rideau Lakes/Westport
Gananoque
Brockville
Athens
Leeds and the Thousand
Islands
Front of Yonge
South Frontenac
Elizabethtown-Kitley
Total

Estimated GHG
Emissions

711
4,561
623
14,005

88,336
68,169
282,722
40,122
193,843

(tCO2-e)
1,855
1,432
5,937
843
4,071

58,996
378,551
51,674
1,162,415

1,239
7,950
1,085
24,411

Note: Emission factor given by Environment Canada is 83kgCH4/tonne of waste landfilled. The GWP for
CH4 is 21 over 100 years.

With regards to the estimated GHG emissions generated from wastewater treatment, the results
are shown in Table 31. Brockville and South Frontenac were once again the most significant contributors
generating 39% and 23% of the emissions within the community respectively (Figure 16). It is interesting
to note that although having a significantly smaller population than Leeds and the Thousand Island,
Gananoque was found to produce 11% of emissions within the FAB in comparison to the 12% produced
by Leeds and the Thousand Islands. When comparing the overall emissions generated from solid waste
management versus wastewater treatment, it is clear that solid waste management was the most
significant contributor of GHG emissions from the waste sector estimated to generate approximately
1,987 times more emissions than wastewater treatment over a span of 100 years.
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Table 31: Estimated GHG emissions from wastewater treatment processes for each community within the FAB boundary. Most
of the community is on septic while a few utilize sewage lagoons and anaerobic digestion plants. These results
represent estimates of global warming potential over the next 100 years.

Municipality:

WWM Method(s)

Estimated Population

Estimated
Emissions
(tCO2-e)

South Frontenac

Septic

18,113

3,124

Rideau Lakes

Septic

3,228

557

Westport

Lagoon/Septic

628

160

Leeds and the Thousand Islands

Lagoon/Septic

9,277

1,667

Athens

Septic

2,040

352

Front of Yonge

Septic

2,680

462

Gananoque

Lagoon

5,194

1,433

Brockville

Anaerobic Treatment
Plant/Septic
Septic

21,870

5,250

3,369

581

66,399

13,586

Elizabethtown-Kitley

Total:

GHG Emissions from WWT
Elizabethtown-Kitley
4%

South Frontenac
23%
Rideau Lakes
4%

Brockville
39%
Leeds and
Thousand
Islands
12%
Gananoque
11%
Front of Yonge
3%

Westport
1%

Athens
3%

Figure 16: A pie chart showing the relative contribution of each community within the FAB to the overall amount of GHG
emissions generated due to wastewater treatment (WWT).
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4.4

Agriculture
The estimated amount of GHG emissions generated from enteric fermentation and manure

management of livestock in the FAB in the year 2011 are given in Tables 32. The results show a different
trend than what was noticed in the previous sectors. Leeds and the Thousand Islands was found to be the
most significant contributor in this sector with approximately 42% of emissions being generated from this
community alone (Figure 17). Enteric fermentation was found to be the most significant source of
emissions from livestock management within the region overall. Of the different cattle livestock types,
dairy cows were found to be the most significant source of emissions from both enteric fermentation as
well as manure management (Figures 18a & 18b). The majority of emissions from non-cattle livestock
were found to have come from sheep and horses (Figure 18c & 18d).

Table 32: The estimated amount of GHG emission generated from non-cattle and cattle livestock within the FAB for
the year 2011 divided into each of their respective Census Consolidated Subdivisions.
Estimated GHG Emissions
Estimated GHG Emissions from
Census Consolidated
from Non-Cattle Livestock
Cattle Livestock
Subdivision:
(tCO2-e)
(tCO2-e)
Enteric
Manure
Enteric
Manure
Fermentation Management
Fermentation
Management
75.21
5.52
2,160.50
302.91
Elizabethtown-Kitley

Leeds and the Thousand
Islands
Athens
South Frontenac
Rideau Lakes
Front of Yonge
Total:

606.84

30.83

15,507.75

2,052.66

12.21
696.25
137.48
12.85
1,541

1.56
38.16
11,38
1.64
89

2,042.80
10,519.72
4,820.80
2,370.91

204.11
1,091.69
602.38
363.82

37,422

4,618
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% GHG Contribution in the FAB - Livestock Management

6%

6%
13%

Elizabethtown-Kitley
Leeds and the Thousand Islands
Athens
South Frontenac

42%

Rideau Lakes
28%

Front of Yonge

5%

Figure 17: The relative percentage of GHG emissions due to livestock management from the different communities within the FAB.

Estimated GHG Emissions from Enteric Fermentation - Cattle Livestock
(tCO2-e)
GHG Emissions (tCO2-e)

7,000
6,000
5,000
4,000
3,000
2,000
1,000
0

Heifers for
Slaughter

Beef Heifers

Dairy Heifers

Beef Cows

Dairy Cows

Bulls

Steers

Calves

Elizabethtown-Kitley

31

83

285

471

893

34

327

36

Leeds and the Thousand Islands

600

406

1,933

3,527

5,902

292

2468

379

Athens

148

95

152

574

546

44

401

83

South Frontenac

322

583

934

3,508

2,821

299

1900

153

Rideau Lakes

65

172

547

1,284

1,709

77

920

47

Front of Yonge

77

124

252

296

1,235

20

357

9

Figure 18a: Estimated GHG emissions due to enteric fermentation of cattle livestock within the FAB in the year 2011.
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Estimated GHG Emissions from Manure Management- Cattle Livestock
(tCO2-e)
GHG Emissions (tCO2-e)

1,400
1,200
1,000
800
600
400
200
0
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Dairy Cows
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Elizabethtown-Kitley

1

3

76

18

194

1

9

1

Leeds and the Thousand Islands

18

14

513

133

1,281

11

68

15

Athens

4

3

40

22

118

2

11

3

South Frontenac

10

21

248

132

612

11

52

6

Rideau Lakes

2

6

145

48

371

3

25

2

Front of Yonge

2

4

67

11

268

1

10

0

Figure 18b: Estimated GHG emissions due to manure management of cattle livestock within the FAB in the year 2011.

Estimated GHG Emissions from Enteric Fermentation - Non-Cattle Livestock
(tCO2-e)
GHG Emissions (tCO2-e)
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0
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0
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0
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0
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South Frontenac
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0

44

0

0
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65
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2
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0
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Figure 18c: Estimated GHG emissions due to enteric fermentation of non-cattle livestock within the FAB in the year 2011.
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Estimated GHG Emissions from Manure Management - Non-Cattle Livestock
(tCO2-e)
GHG Emissions (tCO2-e)
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0
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0
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Front of Yonge

0

0
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Figure 18d: Estimated GHG emissions due to manure management of non-cattle livestock within the FAB in the year 2011.
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4.5

Overall
The overall results for GHG emissions from the four key emissions sources analyzed in this

inventory for the FAB are given in Table 33 and Figure 19. The results show that Brockville is the most
significant contributor to GHG emissions in the region overall, followed by South Frontenac. Westport
was found to be the least significant in terms of its overall contribution. However, when looking at per
capita estimates of GHG emissions from members of each community, it was found that Gananoque had
the most emissions generated per capita with values almost three times the amount of those residing in
Brockville. Brockville, Leeds and the Thousand Islands, and South Frontenac, who were found to have
the largest overall emissions, were found to be the smallest contributors per capita. It was also found that
the most significant emissions source overall was “Energy Use from Buildings” which represented
approximately 44% of emissions within the community, followed closely by “Passenger Vehicle
Transportation” (Figure 20). “Waste Management” and “Agriculture” were found to be relatively the
same with “Agriculture” being slightly higher.

Table 33: Estimates regarding the overall GHG emissions generated from the four key emissions sources within the FAB in tonnes
CO2-e. This data represents the first partial carbon footprint for the biosphere reserve.
Energy Use from Buildings
Passenger
Waste Management Agriculture
Total
Per
Municipality
Vehicle
Capita
(tCO2-e)
Residential
Commercial/
Municipal
Solid
Wastewater
Transportation
Industrial

Waste

32,948

16,399

Rideau Lakes

5,310

414

Westport

1,323

337

128

2,139

17,988

16,499

261

30,579

4,071

1,667

3,897

2,247

55

8,933

843

Front of Yonge

5,010

941

39,792

8,661

Gananoque

9,219

5,899

312

Brockville

38,493

28,245

6,558

7,431

120,746

78,412

South Frontenac

Leeds and
Thousand Islands
Athens

ElizabethtownKitley
Total

350

58,339

7,950

3,124

12,223

131,333

6.51

12,350

1,855

557

5,503

25,989

8.05

4,087

8.10

18,113

89,178

7.15

352

2,248

18,575

9.10

1,239

462

2,736

61,577

10.05

17,090

1,432

1,433

35,385

21.97

1,552

71,834

5,937

5,250

156,351

7.25

72

15,142

1,085

581

30,869

9.16

42,522

225,068

24,412

13,586

553,345

8.47
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160

2,520

43,343

Overall % GHG Contribution of the Different Communities within the FAB
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South Frontenac

24%

Rideau Lakes
Westport

28%

Leeds and Thousand Islands
Athens

5%
1%

Front of Yonge
Gananoque
Brockville

16%

6%
11%

Elizabethtown-Kitley

3%

Figure 19: A pie chart of the relative percentage of GHG emissions produced from the different municipalities within the FAB.

% GHG Contribution of Different Emissions Sources
within the FAB
8%
7%
Energy Use from Buildings
44%

Passenger Vehicle Transporation
Waste Management
Agriculture

41%

Figure 20: A representation of the relative percentage of GHG emissions generated from the four main emission sources measured for
the region.
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Chapter 5
Discussion
This chapter discusses some of the implications of this research on the basis of its practical
benefits for guiding sustainable development within the FAB as well as its theoretical contributions
regarding approaches to GHG quantification. Limitation and required areas of further research are also
discussed.

5.1

Implications for Practice
One of the primary objectives of creating a GHG inventory is to attain an understanding of the

major emission sources within a community are as well as their relative contributions in comparison to
one another. From this, GHG reduction targets can be set and innovative strategies can be developed in
order to achieve these targets. The partial carbon footprint created for this inventory outlines what are
considered to be the most significant sources of GHG emissions within the FAB with the intent of
focusing on these key emission sources first with regards to emissions mitigation strategies. The
following is an analysis of the results attained for the FAB as well as what they imply with regards to
developing mitigation strategies and sustainable development within the region.

5.1.1 Implications of Results
The results regarding emissions due to energy use from residential buildings show that single
detached households were the predominant dwelling type within the region and thus were the most
significant source of GHG emissions within the FAB. Considering that there were relatively few
apartment complexes found in municipalities within the FAB, these results reflect the dispersion of the
populace within most regions of the biosphere reserve. These results are typical of a rural community
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where the population has been found to be less dense in comparison to more urbanized regions (Andrews,
2008). However, considering that more condensed populations with a greater presence of apartment
complexes have been found to be better suited for minimizing the environmental impacts of human
development (Fuller & Crawford, 2011), these results may imply a need for increased emphasis on the
creation of multi-unit residential buildings (MURBs) when reviewing urban and regional land use plans,
especially within the more urban areas of the FAB. Furthermore, the results also found that emissions
from residential buildings surpassed that of both commercial and municipal buildings. These results are to
be expected since the common trend in Canada has been that the estimated emissions from residential
properties have always been found to be the most significant (Environment Canada, 2011). With regards
to emissions from commercial/industrial buildings, the results were slightly different from residential
emissions in that Leeds and the Thousand Islands was found to be the second most significant contributor
after the City of Brockville. It appears that although South Frontenac has a larger population of residents,
Leeds and the Thousand Islands has more industrial facilities/buildings within the region, particularly
agricultural focused (refer back to Section 4.4 of the Results chapter). Also, when looking at the results
for GHG emissions from municipal buildings (refer back to Figure 13), it was found that approximately
41% of emissions came from “Storage facilities where equipment or vehicles are maintained, repaired or
stored”, 35% from “Fire Halls” and 19% from “Public Libraries”, while emissions from other facility
types were either very miniscule or negligible. These results imply that current energy consumption for
these particular facility types are exceptionally intensive and that municipal sustainability plans should
focus on these key facilities when developing mitigation strategies.

The results for emissions from passenger vehicle use followed an expected pattern based on the
variables applied in the equations. It was found that the municipalities with the largest populations were
the most significant contributors to GHG emissions in the region based on the sheer fact that every
household was assumed to own some form of passenger vehicle. Specifics could not be determined
regarding the types of cars being used by each household type, however, an important picture that the
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results display is pertaining to the significance that household demographics can play in impacting the
amount of GHG emissions that are generated within a community. Most households within the FAB were
either a couple with children or a couple without children, and these demographics were considered to be
the most significant contributors to GHG emissions within the region. The research of Cao et al. (2006)
and Bhat et al. (2009) have found that households with children are more likely to have larger vehicles
such as vans, pickup trucks or SUVs because of the suitability of their size for carrying passengers and
luggage, which would explain why estimated fuel consumption and the subsequent GHG emissions
within the region are predominantly greater for this particular demographic. Cao et al. (2006) also found
that people living in more rural areas similar to the FAB are more likely to purchase regular gasoline as
opposed to premium grade gasoline, which is also a contributing factor to increased emissions within the
region, although this cannot be determined from the data attained through this study due to an assumption
that all inhabitants were using regular gasoline. These results therefore tell us that mitigation methods
should emphasize approaches that target fuel consumption from multi-party households.

With regards to solid waste management, the results found that although more rural areas such as
South Frontenac may have a smaller population than relatively more urban areas such as Brockville, the
amount of waste landfilled in these rural communities was slightly higher. Solid waste diversion rates in
Brockville were more than double that of South Frontenac according to Waste Diversion Ontario’s
dataset. These results may imply that greater emphasis is required from rural communities in the region
with regards to developing the infrastructure needed to manage more effective solid waste management
programs. These findings may also be the result of a lack of participation due to the lack of economic
incentives associated with recycling as well as an absence of “visible” recycling centers in rural
communities, as has been mentioned in the research of Bolaane (2006). For wastewater treatment, a
similar situation was present where more rural areas were found to rely heavily on either personal septic
systems or sewage lagoons in comparison to the more urban areas where anaerobic wastewater treatment
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facilities were present. These differences in wastewater management techniques led to the subsequent
differences in GHG emissions amongst the different communities within the FAB. Therefore, while
providing quantifiable data showing the magnitude of these differences, these results also imply that the
effectiveness of the municipal solid waste management program as well as the availability of more
sophisticated methods of wastewater treatment are the main determinants for the amount of emissions
generated by communities within the biosphere reserve.

When looking at the results for emissions generated from livestock management within the FAB,
there are some important conclusions that can be drawn as well. Firstly, the most significant contributor
of GHG emissions in this case was the Township of Leeds and the Thousand Islands. These findings were
the result of the significant number of dairy cattle farms located in the township in comparison to other
areas within the FAB. This implies that there is not only a significant presence of agricultural activity
within Leeds and the Thousands Islands, but that there is a relatively large dairy farming industry present
and that when planning for sustainable development within the FAB, the dairy farming industry in Leeds
and the Thousand Islands should be a key area to target for developing mitigation strategies in the longterm.

Lastly, when looking at the results overall (as shown in Table 33), some interesting outcomes
were observed. It was found that while relatively more densely populated areas such as Brockville, Leeds
and the Thousand Islands, and South Frontenac were estimated to have produced significantly more
emissions than the other municipalities within the FAB, it was found that their overall emissions per
capita was far less than that of smaller communities such as Gananoque and Front of Yonge. These results
appear to correlate with the findings of other researchers such as Dodman (2009) who found that the per
capita GHG emissions of more densely populated and relatively more urban areas were found to be
significantly smaller than that of the national average. What these findings then imply is that differences
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in the urban and rural infrastructure within the FAB can lead to significantly different emissions
generating potentials between municipalities, and therefore, mitigation strategies that emphasize
development within less densely populated regions may actually lead to the most significant reductions in
the longer term through facilitating more sustainable practices of its community members, as will be
discussed in Section 5.1.3.

5.1.2 Forecasting and Target Setting
A practical implication attained through creating a GHG inventory of this type is that it will allow
the community to set targets for emissions reductions over time and to create forecasts for different
mitigation strategies. The FCM’s PCP program currently encourages Canadian municipalities signed onto
the program to set objectives to reduce their emission by 6% of their baseline within 10 years.
Considering that the current estimates for this partial carbon footprint were found to be approximately
553,345 tonnes of CO2-e, then the target for the FAB for the year 2021 would be a reduction of
approximately 33,201 tonnes of CO2-e. With this information, approaches can be developed based on the
information attained from the inventory and applied to a modelling framework which can be used to
determine estimates regarding how much these proposed approaches are expected to reduce emissions
over time. At this stage, it is important to get community members and stakeholders involved in the
planning process in order to generate a local action plan (LAP) which includes target setting and
community-based strategies. In this situation, the FAB administration could either take a leading role or
act as a part of the formal body in charge of creating and implementing the LAP.

5.1.3 Potential GHG Mitigation Strategies and Implications for Sustainable Development
Once targets are set, potential mitigation strategies can then be explored. As already mentioned,
one of the practical implications of these results is their ability to shed light on key areas of concern with
regards to improving urban and regional planning within the biosphere reserve. Some recommended
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approaches for reducing emission sources as they apply to the FAB based on the findings of this study as
well as research within the literature are discussed below.

5.1.3.1 Increased Renewable Energy Development within the FAB:
One of the best and most commonly used approaches for reducing emissions within a region is to
switch from more “dirty” emissions generating sources such as coal, oil and natural gas, to “cleaner”
forms of energy production such as hydro, wind and solar. Furthermore, research has shown that smaller
and more remote communities such as those present in the FAB are more willing and likely to take up
renewable energy development than urban areas in Canada (St Denis & Parker, 2009). With that being
said, the increased uptake of renewable energy projects within the FAB could act as an excellent approach
for offsetting some of the emissions being generated due to less sustainable forms of energy production.
A group of students from the 2012 ENSC 430 class at Queen’s University went through the process of
assessing the current and potential capacity of large-scale renewable energy projects within the FAB.
According to their research, there is currently a total energy capacity of 156,788 kW (564.4368 GJ)
within the FAB, 64% of which is from wind energy, 33% from solar energy, 2.7% from hydro, and 0.3%
from biogas (ENSC 430 class, 2012). Their findings also appear to indicate a limited diversity of
renewable energy sources in the FAB compared to Ontario as a whole, with most projects either heavily
focused on solar or wind energy. This is interesting to note because it differs from what would be
expected from the research of St Denis & Parker (2009) who found that rural communities have been
found to be more willing to adopt multiple forms of renewable energy technologies. This may indicate
some missed potential within the FAB for uptake of alternative renewable energy projects outside of the
typical solar and wind projects administered by the FIT and microFIT programs in Ontario. Therefore, the
opportunity for further renewable energy development still exists. Furthermore, the research of the ENSC
430 class (2012) also found that less than half of the municipalities within the FAB (four out of the nine)
actually mention renewable energy development within their Sustainability Action Plans. This is
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concerning considering that community members have typically been found to be slow in taking action
with regards to renewable energy projects without the facilitation and leadership of either a governing
body or an externally facilitated co-management/ partnership initiative (Selman, 2004; Rogers et al.,
2008). Therefore, in order to tap into the vast potential within the FAB for mitigating GHG emissions
through means of renewable energy projects, the FAB administration may need to take a lead role in
facilitating the partnerships required for such projects to exist through means of community outreach and
education of property owners regarding the benefits (financial, social, and environmental) of adopting
renewable energy initiatives on their land.

5.1.3.2 Creating Alternative Transportation Options in Rural Communities:
There are a variety of strategies that can be taken in order to reduce emissions from passenger
vehicle use within a community. The common approach that has been attempted by municipalities has
been to create policy measures in order to control activities such as idling (Schiller et al., 2010).
However, in the case of a biosphere reserve, policy measures are not a particularly effective option
considering its lack of a standardized jurisdictional authority. Therefore, other strategies which seem
more feasible are those targeted at creating sustainable transportation options within communities in order
to reduce reliance on passenger vehicles. de Nazelle et al. (2010) found that the conversion of short trips
of less than 3 miles to alternative forms of travel such as public transit or active transportation is capable
of reducing emissions generated from transportation more than other forms of surface mitigation
strategies. Therefore, a potential approach that could be taken would be to develop alternative
transportation options in core rural areas where population densities are relatively higher and amenities
are closer. At present, the only municipality within the FAB that has a public transit system is the City of
Brockville. In order to mitigate emissions from short trips, efforts have to be made to create alternative
transportation options in more condensed rural spaces in other areas within the FAB. Other municipalities
in Canada such as Hinton in Alberta and Casselman in Ontario have been successful in implementing
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small scale public transit programs within their rural communities (Transport Canada, 2009), showing
that a similar approach is possible in some of the rural areas within the FAB.

5.1.3.3 Improving Waste Management Processes in Rural Communities:
As the results have implied, waste diversion in some rural communities within the FAB have
been found to be significantly lower than that of more urban areas such as Brockville. Therefore, there
appears to be a need for improved waste management practices for rural communities within the FAB in
order to make them relatively more efficient. One strategy which has been recommended by Bolaane
(2006) and Joseph (2006) is to use a multi-stakeholder approach where different parties within the region
including municipal officials, households, commerce, NGOs and recyclers are brought together in order
to cooperate in implementing an effective solid waste management system. The role of municipal officials
would be limited to designating the appropriate land needed for recycling centres, which would thus
relieve them of any additional financial or administrative burdens that have been found in creating an
uptake for such programs. Bolaane (2006) also recommend the creation of a fund that can be used to
support such programs, suggesting that commerce and government be its main supporters. This fund
could also be supported by external investment of organizations and businesses seeking to offset their
carbon emissions by investing in worthwhile projects. The biosphere reserve label could be an excellent
way of drawing in additional funding for sustainability initiatives such as this. Furthermore, the role of
NGOs such as the FAB administration could be to facilitate and lead public outreach and education
regarding these recycling programs in order to convey information to community members who may not
participate simply due to a lack of awareness that such programs exist. Through implementing a multistakeholder approach such as this, the responsibilities of managing an improved waste management
strategy in the FAB are more spread out amongst the different stakeholders within the community, thus
making it less intimidating for smaller municipal authorities to consider.
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There are also more technical approaches that can be taken in order to reduce the amount of GHG
emissions being generated from landfill sites within the FAB. One of these techniques includes the use of
biologically active landfill cover, which has been found to be effective in retaining 10 times more
methane than regular soil cover (Stern et al., 2007) and is effective in oxidizing approximately 55% of
methane emissions being generated from landfills (Barlaz et al., 2004). An alternative technique is the use
of landfill in-situ aeration in which an aerobic environment is used instead of the anaerobic environment
typical of most landfills. In applying and assessing the effectiveness of this technique in Germany,
Ritzkowski & Stegmann (2007) found that the use of landfill in-situ aeration reduced GHG emissions
released from the landfills by more than 72%. Similar techniques could also be applied to the FAB in
order to mitigate emissions from solid waste disposal.

5.1.3.4 Implementing Sustainable Dairy Farming Practices in Key Municipalities:
The results found that Leeds and the Thousand Islands was the most significant contributor to
GHG emissions due to livestock management, particularly due to the fact that there is a relatively large
dairy farming industry within the region. Therefore, when approaching mitigation strategies with regards
to agriculture within the FAB, it may be wise to focus on increasing the efficiency of dairy cattle
management. There are a variety of approaches that can be taken based on previous research in this
regard. Beauchemin et al. (2008) recommend altering the diet of dairy cattle through “increasing the
level of grain in the diet, inclusion of lipids and supplementation with ionophores (>24 ppm)” in order to
have a direct reduction of the amount of methane produced per head due to enteric fermentation. Gill et
al. (2010) also recommends a similar approach of improving the efficiency of animal production through
means of modifying the type of feed that the cattle intake as well as the added introduction of technology
that take direct action to mitigate at the emissions source such as the use of CH4 and N2O inhibitors.
Manure from dairy cattle can also be used for energy production from biogas through means of anaerobic
digestion and has been found to be another useful strategy for mitigating GHG emissions due to livestock
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(Van Horn et al., 1994; Massé et al., 2011). An example of a strategy like this which is already being
implemented in the FAB is that of the Ledgecroft Farm located in Seeley’s Bay which utilizes the biogas
generated from livestock manure as a source of alternative energy (ENSC 430, 2011). Connecting this
back to the suggested development of clean energy within the FAB, promoting the use of cattle manure
for biogas energy production could be a good way of further diversifying renewable energy sources
within the FAB.

5.1.4 Funding Opportunities for Biosphere Reserves
Beyond simply quantifying emissions sources within a region and identifying potential areas of
focus with regards to GHG mitigation strategies, creating an inventory of this type also provides an
assessment of a sustainability metric which may prove to be quite important for organizations/entities
interested in investing in biosphere reserves. When looking at the example of the Kyoto Protocol, an
important element that was developed as part of GHG mitigation efforts at the national level was the use
of Joint Implementation (JI) projects and Clean Development Mechanisms (CDM). These two
mechanisms were essentially a way for nations that were unable to realize GHG reductions through
projects within their own geographic boundary to invest in projects in other regions while taking the
credit for the expected emission reductions As a result, developed nations would either invest in
reduction projects in underdeveloped nations who would have otherwise been unable to implement such
projects due to a lack of financial resources (this is what is referred to as the CDM), or developed nations
would invest in GHG reduction projects in other developed nations where the infrastructure tends to be
better established for implementing more innovative and modern approaches. A similar result may be
applicable to biosphere reserves as they try to reduce their GHG emissions in the future.

Although the objectives of the Kyoto Protocol as a whole have yet to be realized, some of the
mechanisms and systems that were created, including the CDM and the JI, still exist to this day as nations
and, at a smaller scale, businesses seek to offset their emissions through investment in sustainable
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development projects worldwide. In different regions of the world, there currently exist small scale
“carbon markets” or “cap-and-trade systems” in which nations set reduction targets that businesses within
their jurisdiction must adhere to. An example is the current cap-and-trade system in the EU which was
launched in 2005 – the largest of its type in the world. It sets a cap on the amount of emissions that the
organizations within its geographic boundary can emit, with those who exceed this cap being penalized
for every tonne of GHGs emitted over the stated limit (European Commission, 2014). Consequently, one
finds organizations forced into a position where they must either make their processes more sustainable in
order to reduce their emissions internally, or they must use whatever money that they have in order to
invest in projects which will lead to reductions elsewhere. Similar systems exist in other parts of the
world at a variety of scales, some being mandatory by law such as in the case of the EU or the cap-andtrade system in the State of California, or they may be voluntary as is the case for the Western Climate
Initiative (WCI) which has been proposed for states and provinces within North America. Whatever the
case may be, the existence of these systems as well as the general concept of reducing emissions through
investment in external activities can prove to be an excellent funding opportunity for biosphere reserves
that tend to be strapped for finances. Biosphere reserves in Canada in particular have faced continuously
diminishing resources needed to implement sustainable development research and projects desired
through the creation of the MAB Programme (Macey, 2013). Therefore, a prospect such as this should
definitely be considered.

In addition, aside from catalyzing investment in sustainable development due to the presence of a
regulatory framework for GHG emissions, businesses in general are interested in investing in meaningful
emission reduction projects as a part of their commitment to corporate social responsibility (CSR) as well
as due to their recognition that sustainability is a growing topic of concern to their customers and
stakeholders (Moon, 2007; de Melo Rico, 2011). While most organizations invest in generic projects in
landscapes without any recognized significance, the biosphere reserve provides a unique geographic
landscape which has been identified by UNESCO as an ideal region for implementing sustainable
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development research and initiatives. Through leveraging the biosphere reserve brand as a unique and
meaningful area of investment for external organizations interested in offsetting their emissions while
improving their corporate image, biosphere reserves can attain the funding needed in order to implement
sustainability projects within the region, including the mitigation strategies proposed based on the
analysis of emissions sources undertaken in this study. Therefore, this research has provided valuable
information needed in order for organizations to know where and what mitigation projects to invest in as
well as an opportunity for biosphere reserves to attain access to funds that they would have otherwise not
been able to pursue.

5.2

Implications for Theory – Approaches and Methods
The initial research question posed in this study was regarding what methods could be applied in

order to create a GHG inventory for a Canadian biosphere reserve considering the known challenges with
pertaining to boundary setting and data collection. This research has shown that an approach that
combines the use of GIS with readily available surrogate data from survey information can prove to be
useful in overcoming these recognized challenges. Other research in the area of community GHG
inventories that has focused on emissions sources such as these have not required the use of GIS in this
regard since they were mainly studying areas that were delineated by clear jurisdictional boundaries.
Through combining land area estimates attained through the use of GIS as well as dwelling and
population density estimates attained from reliable and readily available survey data provided by Stats
Can and NRCAN, it has become possible to overcome both of these challenges. This study has therefore
built on previous research by organizations such as the IPCC (2006) that has applied more broad scale
forms of the geographic approach when creating a GHG inventory. Also, many of the region-specific data
sources used (i.e. Waste Diversion Ontario, PCP municipal GHG inventories, etc.) as well as the
equations created in this inventory are unique and have not been used in the way that they have been in
this inventory. Furthermore, the Archetype approach used for estimating emissions from residential
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buildings was a unique method building off of the earlier research of Parekh (2005) and others. While this
previous research has focused on reducing building stock within a region into broad archetypal categories
for the purpose of determining energy use, this study was able to utilize a similar approach for
determining estimated GHG emissions from different household types by using a combination of Census
Data as well as data from the NRCAN Energy Use Database. Although the archetypes used in this study
are not as detailed as outlined in the study of Parekh (2005) who divides building stock based on more
than just geometric configuration, the approach that has been used acts as a useful starting point for
determining GHG emissions from the residential sector which can be further refined through attaining
more detailed property data utilizing potential data source mentioned in Section 5.3.1.1 of this chapter.

5.3

Recommendations

5.3.1 Methodological Improvements & Data Sources
While this study has provided methods and data sources that can be used to make rough estimates
regarding the relative GHG emissions trends within a Canadian biosphere reserve, there are definitely
several limitations that exist. A combination of broad assumptions and an inability to verify most of the
results means that one of the greatest testaments that can be made to the validity of these results is the
robustness of the methods. Therefore, this section will seek to highlight different approaches and
techniques that, through collaboration with external groups, could potentially be used in order to attain
what are hoped to be a more accurate estimate of GHG emissions within a Canadian biosphere reserve.
5.3.1.1 Energy Use – Municipal Property Assessment Data:
The methods that were used in this study for determining energy use from residential buildings
were based on a combination of data from the Canadian Census of Population as well as energy and GHG
intensity estimates derived from NRCAN’s Comprehensive Energy Use database. However, the same
data sources could not be used for commercial/industrial estimates because the units used in the NRCAN
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database were either relative to floor space in the case of commercial properties or relative to revenue (in
$$$) per product in the case of industrial facilities. While the current methods that were applied for
estimating GHG emissions from commercial/industrial properties are satisfactory for the purposes of this
inventory, methods that are based on values such as floor space and fuel type would give the higher level
of specificity that would be desired in order to attain a more accurate and justifiable GHG inventory.
Therefore, in the case of commercial buildings, an approach that utilizes property assessment data
gathered by municipal property assessment organizations such as the Ontario Municipal Property
Assessment Corporation (MPAC) could be explored for future inventories. As of now, organizations
such as MPAC gather data pertaining to relevant property characteristics such as floor space, heating
system type and property code/classification, among others. If this data were combined with NRCAN
average energy consumption data and GHG intensity estimates using a similar Archetype approach to
what was used for residential energy use estimates in this study, a more accurate estimate of energy
consumption and GHG emissions could potentially be determined. However, as of now, the municipal
property assessment data is lacking in three ways: (1) They do not retain historical data in most instances,
(2) They do not gather information regarding the fuel types used on each property, although they do
gather information regarding the type of heating systems used, and (3) They charge money for attaining
access to their data, which may be difficult to handle if there is not funding available for the GHG
inventory project. In order to address these concerns, it is recommended that biosphere reserves engage
municipal property assessment corporations early on, before the inventory year, in order to ensure that
certain data be retained over time. With regards to funding, there are potential funding sources that can be
pursued with regards to climate change research in Ontario that could offset these expected costs. An
example includes the Green Municipal Fund administered by the FCM (FCM, 2014). Furthermore, the
case should be made towards municipal property assessment corporations about the importance of
gathering information regarding fuel sources used on the properties that they evaluate. This information
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would fill a tremendous gap in the literature regarding the fuel mix in communities within not only the
biosphere reserve, but also municipalities within Canada as a whole.
5.3.1.2 Transportation – Tourism:
Tourism is an emissions generating activity that is particularly important for a biosphere reserves
such as the FAB considering that these regions tend to contain several historical and recreational sites that
make up the local culture. Emissions can be generated from a variety of different activities associated
with tourism; however one of the most significant sources is emissions due to travel within the region
(Peeters, 2007). While it would have been ideal to include this emissions activity within this inventory,
there was an inability to attain the historical data needed in order to make the required estimates. Previous
research has utilized travel surveys that have been given to tourists as they visit historical and recreational
sites in order to attain information regarding their travel patterns (Becken & Patterson, 2006). With that
being the case, in order for a reasonable estimate to be made regarding emissions associated with tourism,
biosphere reserves must engage in partnerships with local tourist sites in order to attain relevant
information that would be useful for making such estimates. This would include information pertaining to
place of origin, place of destination, expected number of nights stayed, vehicle type, as well as the
number of passengers. This sort of information is already gathered to some degree as part of the Stats Can
Canadian Survey of Travel, however these Surveys do not provide information for scales lower than that
of the County level and therefore estimates based on this data would not be possible. Creating biosphere
specific surveys would assist greatly in ensuring the required specificity of data needed in order for this
emissions activity to be included within a GHG inventory and the objectives of such a survey fall in line
with the objectives of the biosphere reserve in being a hub for scientific research with regards to
sustainable development.

85

5.3.1.3 Waste Management – Commercial/Institutional & Industrial:
While residential waste can be a significant source of GHG emissions, commercial/institutional
and industrial waste are just as significant, or even more so. Unfortunately, relating back to one of the
initial challenges that this research sought to address, data collection from private entities such as
businesses is difficult to attain without any sort of municipal authority to request such information.
Another issue is that some organizations do not perform audits of their own waste processes and therefore
they do not gather the sort of information necessary in order to make estimates regarding emissions from
waste disposed. That being said, there are two approaches that biosphere reserves can take in order to
attain the information needed for these estimates to be made. The first approach would be to involve
municipal authorities in assisting to make the needed data requests from businesses within the region
regarding their waste disposal practices. There have been some municipalities (e.g. the Region of
Waterloo, Hamilton, and Caledon, among others) that report to the FCM that have been successful in
engaging waste disposal facilities within their regions to provide data regarding waste disposed versus
waste diverted, however they have not had the capacity to distinguish between different sectors. If the
right connections can be built with municipal authorities early on in the inventory process, then more
detailed data could potentially be requested. However, this is easier said than done. A second approach
would be to potentially engage organizations that have performed sectoral analysis of waste disposal in
Canada in the past. Organizations such as the Ontario Waste Management Association (OWMA) has
gathered data on commercial and industrial waste in the past (OWMA, 2005) and could potentially be
engaged to do similarly in the future. Funding for research of this type can be attained through
partnerships with universities in tailoring proposals for studies of this type within the region under the
premise that such research is being undertaken with the objective of contributing new knowledge and
practical strategies regarding sustainable development within Canadian biosphere reserves. Therefore, the
relationship between the biosphere reserve administration and external research bodies must be further
strengthened in order to ensure that such data is readily available in the future.
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5.3.1.4 Agriculture – Operations & Production:
The operation of machinery in the agricultural industry is another important activity that could be
a significant contributor to GHG emissions within the rural portions of the biosphere reserve. Currently,
the Canadian Census of Agriculture administered by Stats Can gathers useful data regarding the estimated
amount of money spent on fuel used for machinery on farms in Ontario as well as other potentially
relevant emissions generating activities. However, the same challenge faced with regards to estimating
emissions from commercial/industrial energy use exists here as well; there is a lack of understanding
regarding what the fuel mix looks like for agricultural operations within the FAB. Approximately $6,101
are estimated to have been spent per farm on fuel for operations in Eastern Ontario during the year 2011
(Statistics Canada, 2011c), however, there is no way of knowing how much of this money was spent on
diesel, gasoline, oil, wood, natural gas, propane, etc. Therefore, to avoid having to make overly broad
assumptions regarding the amount of money spent on each fuel type, perhaps combining this census data
with biosphere reserve specific surveys of fuel use patterns amongst farmers would be a potential
methodological approach to consider in the future. Through implementing a qualitative study of a variety
of farmers within the region of the FAB regarding the type of fuel that they typically use for farm
operations, region specific estimates can be made regarding the fuel mix amongst farms within the FAB
in order for there to be a basis by which future estimates of GHG emissions from agricultural operations
can be determined. As of yet, there have not been any studies that have performed a region specific
analysis of GHG emissions from agricultural operations, most have opted to use a modelling based
approach using older energy consumption data from the Canada’s 1996 Farm Energy Use Survey (FEUS)
(Dyer & Desjardin, 2003; Dyer et al., 2010). Therefore, an approach such as this would utilize techniques
which have not been employed as of yet within academic research of this type.
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5.3.2 Areas of Future Research
5.3.2.1 Quantifying Carbon Sinks and Offsets:
While this study was able to provide insight into the relative contribution of some of the major
emission sources within the FAB, it was unable to explore quantification of carbon sinks within the
region, which can be considered to be another important aspect of a GHG inventory. Carbon sinks can
exist in the form of forests or wetland that respire carbon dioxide within the region. Most emissions
inventories at the municipal scale do not tend to quantify carbon sinks within their boundary because
there is either not much of a need considering that the communities are relatively urban, or there isn’t
much of an incentive or requirement according to the program that they are reporting to. However, in the
case of a biosphere reserve which consists of both urban and predominately rural/natural areas,
quantifying carbon sinks becomes particularly important for a variety of reasons. Firstly, determining
current carbon sinks can assist in determining the overall estimated atmospheric flux within the region
which would allow one to come to a conclusion regarding whether or not the biosphere as a whole is an
overall net source or net sink of carbon. Secondly, understanding the capacity of the biosphere reserve to
sequester carbon can become a potential ecosystem service that can be sold as a carbon offset in the
arising carbon markets in North America (as mentioned earlier in Section 5.1.4). This could potentially
lead to the expansion of conservation areas within the region as well as lead to a potential source of
revenue for biosphere reserves as businesses and other external organizations would be more willing to
invest within the region out of mutual benefit. The steps that would be needed in order to undertake
research of this type would require an assessment of historical as well as current land use practices within
the FAB. Then, through the use of GIS in combination with default IPCC carbon stock values according
to approaches used in previous studies (Scott et al., 2002; Tate et al., 2005), estimates can be made
regarding changes in carbon stock over time as well as the estimated carbon stock within the FAB at
present. The field methodologies of Ravindranath & Ostwald (2007) would be ideal to use when
attempting to determine aboveground and belowground carbon stocks.
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5.3.2.2 Determining Energy Mixes within Rural Communities in Canada:
Another important area of research which would assist in determining a more accurate estimate of
GHG emissions within the biosphere reserve would be regarding attaining an understanding of the energy
mix within rural communities within Canada. When undertaking this study, there was a data gap with
regards to energy consumption patterns within Canadian municipalities, and while this was not as much
of an issue with regards to urban communities where fuel sources tend to be less diverse, the situation is
noticeably different for rural communities where fuel sources can vary significantly even within a single
locality (St Denis & Parker, 2009). As a result, it was almost impossible to make justifiable assumptions
regarding the relative fuel mix in the different communities within the biosphere reserve, especially in the
case of residential emissions, and this consequently limited the analysis that could be performed since
communities could no longer be compared based on their GHG emissions relative to the fuel sources that
they were utilizing. Therefore, research with regards to the energy mix in rural communities within
Ontario, as well as Canada as a whole, would assist researchers interested in creating emissions
inventories at the biosphere reserve level with being able to have more accurate estimates to base
assumptions on. As mentioned earlier, information such as this could potentially be attained through the
use of municipal property assessment organizations that monitor property characteristics on a periodic
basis. For more region specific estimates, another approach that could be used is to perform interviews
with contractors/carpenters that work within these regions in order to inquire about their opinion
regarding the energy sources or heating systems that they have encountered in the projects that they have
worked on in the past. This data would be more qualitative but would still remain useful for making rough
estimates regarding the energy mix for different property types within these areas of study.

5.3.2.3 Assessing Uncertainty within Methods and Data Sources:
As mentioned earlier in the literature review (refer to Chapter 2), uncertainty is a significant topic
of discussion in the area of GHG inventory quantification and therefore requires its due attention. There is
uncertainty that exists in a variety of stages in the GHG inventory process due to the data sources used
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and the assumptions made in many instances. Examples of this include the use of energy consumption
and GHG intensity estimates for the province of Ontario that do not take into consideration the effects
that the climatic gradient within the region may have on these values. Another includes the assumption
that all cars within the FAB were using either regular or diesel fuel when there is the possibility that the
actual fuel mix for passenger vehicles could be quite different. These are just a few examples of how
uncertainty is innate within not only these methods but also within all inventory quantification methods
that utilize similar assumptions and similar data sources. Unfortunately, this study was unable to delve
into assessing the uncertainties present in the methods and data sources that were applied due to the
complexity of the topic and the limited time available to explore it further. However, it is recommended
that future research seeks to quantify the amount of uncertainty present in the approaches recommended
in this study with the hope of attaining an understanding of the margins of error present in the estimates
made. These uncertainty values can also be compared to uncertainty values found in approaches given in
the IPCC guidelines as well as other GHG inventory quantification methodologies in order to evaluate
their relative expected accuracies.

5.3.2.4 Applying Methods to other Biosphere Reserves:
As this study represented a case study of a Canadian biosphere reserve utilizing Canada-specific
data sources, these methods are only applicable to other Canadian biosphere reserves. Most of the
methods and data sources used in this study will remain applicable for other regions within Canada since
they are based on national census surveys, however, there are some datasets such as those provided by
Waste Diversion Ontario with regards to residential solid waste as well as the primary electricity data
used for commercial/industrial energy consumption estimates which may require searching for similar but
region specific alternatives. Therefore, a next step would be to apply these same methods to other
biosphere reserves in Canada and to see how well they would translate. A study of this type would also
allow a comparison of biosphere reserves with regards to what are estimated to be the most significant
emission sources within each of them which could thus lead to an interesting discussion regarding
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similarities and difference between the emission trends in the different regions. As an alternative study, it
would also be interesting to apply similar methods to biosphere reserves outside of Canada. The most
logical approach would be to start with biosphere reserves in more developed countries such as those that
are a part of EUROMAB since it is expected that these regions would most likely have the capacity to be
able to attain the sort of surrogate data needed in order to implement similar methods to those proposed in
this study. Other research can look at assessing whether similar methods are applicable for biosphere
reserves in other parts of the world, and if not, then alternative methods can be considered. If inventories
can be developed for biosphere reserves globally, then discussions can begin regarding the potential for a
GHG reporting program as a part of the MAB programme, a similar approach to what was taken at the
national scale in response to the objectives of the UNFCCC and the Kyoto Protocol.

5.4

Summary
In summary, there have been some important implications that have been derived from this
research, both practically (as summarized in Table 34) as well as theoretically. In terms of practical
implications, through quantifying GHG emissions from some of the key emission sources within the
biosphere reserve, it was possible to determine important areas of focus with regards to mitigation
strategies through comparative analysis of emission estimates in the different municipalities within the
region. Through this, it was possible to determine approaches that would be the most effective in dealing
with these key focus areas based on approaches previously employed within the literature. With regards to
theoretical implications, the methods provided in this study have helped to build on the geographic
approach that has been typically applied for regional GHG inventories by introducing the use of simple
GIS methods in combination with region specific survey data in order to make rough estimates regarding
the proportion of emissions being produced from different emissions-generating activities. The use of GIS
for community inventories of this type has not be applied in previous literature due to an absence of need
considering that most study areas have represented communities with defined jurisdictional boundaries
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(such as towns, cities or nations). This research has also applied an Archetype approach for determining
GHG emissions from residential buildings which has not been applied in previous inventories of this type.
With further research and more detailed property data, these methods can be further refined as inventory
quantification continues into the future.

Table 34: A summary of the focus areas and mitigation strategies derived from the results of this study.

Emission Source:

Focus Areas:

Potential Approaches/Mitigation Strategies:
Emphasis of regional planners on improving the efficiency of

Energy Use from Buildings

Building Types & Fuel Sources

predominant building types through means of increased development of
renewable energy projects

Transportation

Developing small scale transportation alternatives in remote/rural

Multi-Party Households

communities in order to reduce emissions by reducing short trips
Catalyzing multi-stakeholder initiatives that bring together the efforts of

Waste Management

Recycling Programs In Rural

government, business, NGOs (such as the biosphere reserve) and

Communities

community members to share responsibility with regards to funding and
administering recycling programs in more rural communities

Agriculture





Dairy Farming Operations
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Modified diets for cattle livestock
Use of CH4 and N2O inhibitors
Biogas Production

Chapter 6
Conclusion
As this research has shown, the use of an approach that combines GIS with statistical survey data
attained from reliable and consistent sources is a suitable way to quantify GHG emissions for a Canadian
biosphere reserve. This approach helps to create estimates that are able to overcome the recognized
challenges that are associated with boundary setting as well as data collection for a GHG inventory at the
biosphere reserve scale. The information attained through an inventory of this type has practical
implications for indicating the location and nature of the major emission sources within the region. From
this information, approaches for sustainable development aimed at climate change mitigation can be
developed with a focus on those emission sources and activities which have been found to be the most
significant. This also opens up potential opportunities for Canadian biosphere reserves, which are
typically poorly funded, to pursue financial support from external organizations (i.e. businesses and
NGOs) interested in making meaningful investments for the purposes of carbon offsetting. This research
has also had the theoretical implication of having provided an example of how to create a GHG inventory
at a scale that has not been pursued before while applying methods that expand on the current geographic
approach by applying the use of GIS which has not been previously used for community inventories of
this type. Overall, this study has provided a starting point for Canadian biosphere reserves seeking to meet
the objectives of the Dresden Declaration to begin to measure and manage their GHG emissions while
promoting scientific research and unique strategies for sustainable development within their regions.

93

Bibliography (or References)

Ahmad, N., & Wyckoff, A. (2003). Carbon dioxide emissions embodied in international trade of
goods (No. 2003/15). OECD Publishing.
Andrews, C. J. (2008). Greenhouse gas emissions along the rural-urban gradient. Journal of
Environmental Planning and Management, 51(6), 847-870.
Andrew, R., & Forgie, V. (2008). A three-perspective view of greenhouse gas emission responsibilities in
New Zealand. Ecological Economics, 68(1), 194-204.
Bastianoni, S., Pulselli, F. M., & Tiezzi, E. (2004). The problem of assigning responsibility for
greenhouse gas emissions. Ecological Economics, 49(3), 253-257.
Batisse, M. (1982). The biosphere reserve: A tool for environmental conservation and
management. Environmental Conservation, 9(2), 101-110.
Barlaz, M. A., Green, R. B., Chanton, J. P., Goldsmith, C. D., & Hater, G. R. (2004). Evaluation of a
biologically active cover for mitigation of landfill gas emissions. Environmental Science &
Technology, 38(18), 4891-4899.
Batisse, M. (1986). Developing and focusing the biosphere reserve concept. Perspectives in Resource
Management in Developing Countries, 1(22), 160-177.
Beauchemin, K. A., Kreuzer, M., O'mara, F., & McAllister, T. A. (2008). Nutritional management for
enteric methane abatement: a review. Animal Production Science, 48(2), 21-27.
Becken, S., & Patterson, M. (2006). Measuring national carbon dioxide emissions from tourism as a key
step towards achieving sustainable tourism. Journal of Sustainable Tourism, 14(4), 323-338.
Bellarby, J., Tirado, R., Leip, A., Weiss, F., Lesschen, J. P., & Smith, P. (2013). Livestock greenhouse
gas emissions and mitigation potential in Europe. Global Change Biology, 19(1), 3-18.
Bhat, C. R., Sen, S., & Eluru, N. (2009). The impact of demographics, built environment attributes,
vehicle characteristics, and gasoline prices on household vehicle holdings and use. Transportation
Research Part B: methodological, 43(1), 1-18.
Bolaane, B. (2006). Constraints to promoting people centred approaches in recycling. Habitat
International, 30(4), 731-740.
Boswell, M. R., Greve, A. I., & Seale, T. L. (2012). Greenhouse Gas Emissions Inventory. Local Climate
Action Planning, 87-114
Calabrò, P. S. (2009). Greenhouse gases emission from municipal waste management: the role of separate
collection. Waste Management, 29(7), 2178-2187.

94

Canadian Thousand Islands Heritage Conservancy (February, 2002). CANADIAN THOUSAND ISLANDS
- FRONTENAC ARCH BIOSPHERE RESERVE. Retrieved from http://www.biosphereresearch.ca/Files/Reports/nomination%20summary%20frontenac%20arc.pdf
Cao, X., Mokhtarian, P. L., & Handy, S. L. (2006). Neighborhood design and vehicle type choice:
Evidence from Northern California. Transportation Research Part D: Transport and
Environment, 11(2), 133-145.
Chavez, A., & Ramaswami, A. (2011). Progress toward low carbon cities: approaches for transboundary
GHG emissions' footprinting. Carbon Management, 2(4), 471-482.
Chavez, A., & Ramaswami, A. (2013). Articulating a trans-boundary infrastructure supply chain
greenhouse gas emission footprint for cities: Mathematical relationships and policy relevance. Energy
Policy, 54, 376-384.
Chen, G. Q., & Zhang, B. (2010). Greenhouse gas emissions in China 2007: inventory and input–output
analysis. Energy Policy, 38(10), 6180-6193.
Chhabra, A., Manjunath, K. R., Panigrahy, S., & Parihar, J. S. (2013). Greenhouse gas emissions from
Indian livestock. Climatic Change, 117(1-2), 329-344.
Chung, W. S., Tohno, S., & Shim, S. Y. (2009). An estimation of energy and GHG emission intensity
caused by energy consumption in Korea: an energy IO approach. Applied Energy, 86(10), 1902-1914.
Czepiel, P., Crill, P., & Harriss, R. (1995). Nitrous oxide emissions from municipal wastewater
treatment. Environmental Science & Technology, 29(9), 2352-2356.
Daelman, M. R., van Voorthuizen, E. M., van Dongen, U. G., Volcke, E. I., & van Loosdrecht, M. (2012).
Methane emission during municipal wastewater treatment. Water Research, 46(11), 3657-3670.
de Melo Rico, E. (2011). Corporate Social Responsibility and Sustainability.Developments in Corporate
Governance and Responsibility, 2, 195-228.
de Nazelle, A., Morton, B. J., Jerrett, M., & Crawford-Brown, D. (2010). Short trips: An opportunity for
reducing mobile-source emissions?. Transportation Research Part D: Transport and
Environment, 15(8), 451-457.
Diaz-Valbuena, L. R., Leverenz, H. L., Cappa, C. D., Tchobanoglous, G., Horwath, W. R., & Darby, J. L.
(2011). Methane, carbon dioxide, and nitrous oxide emissions from septic tank
systems. Environmental science & technology, 45(7), 2741-2747.
Dodman, D. (2009). Blaming cities for climate change? An analysis of urban greenhouse gas emissions
inventories. Environment and Urbanization, 21(1), 185-201.
Drucker, P. F. (1954). The practice of management. New York: Harper & Row.
Dudek, D., Golub, A., Petsonk, A., Safonov, G., & Saparov, M. (2002). Emission inventory on company
level: lessons from Russia. Mitigation and Adaptation Strategies for Global Change, 7(2), 155-172.

95

Dyer, J. A., & Desjardins, R. L. (2003). Simulated farm fieldwork, energy consumption and related
greenhouse gas emissions in Canada. Biosystems Engineering, 85(4), 503-513.
Dyer, J. A., Kulshreshtha, S. N., McConkey, B. G., & Desjardins, R. L. (2010). An assessment of fossil
fuel energy use and CO2 emissions from farm field operations using a regional level crop and land use
database for Canada. Energy, 35(5), 2261-2269.
East,A. J. (2008).What is a carbon footprint? An overview of definitions and methodologies. In Vegetable
industry carbon footprint scoping study—Discussion papers and workshop, 26 September 2008.
Sydney: Horticulture Australia Limited.
ENSC 430 class (2011). Energy – 2011. Retrieved February 2013 from
http://ensc430.files.wordpress.com/2012/09/energy-2011.pdf
Environment Canada (2011). Canada’s Emissions Trends – 2011. Retrieved from
http://www.ec.gc.ca/Publications/E197D5E7-1AE3-4A06-B4FCCB74EAAAA60F/CanadasEmissionsTrends.pdf
Environment Canada (2013). GHG Emissions Quantification Guidance: Waste . Retrieved from
http://www.ec.gc.ca/ges-ghg/default.asp?lang=En&n=AA11E35B-1
European Commission (2014). The EU Emissions Trading System (EU ETS). Retrieved from
http://ec.europa.eu/clima/policies/ets/index_en.htm
Faiz, A., Weaver, C. S., & Walsh, M. P. (1996). Air Pollution from Motor Vehicles: Standards and
Technologies for Controlling Emissions. World Bank, Washington, D. C.
FCM (2013). Partners for Climate Protection . Accessed January 6th, 2014 from
http://www.fcm.ca/home/programs/partners-for-climate-protection.htm
FCM (2014). Green Municipal Fund. Retrieved from http://www.fcm.ca/home/programs/greenmunicipal-fund/about-gmf.htm
Ferng, J. J. (2003). Allocating the responsibility of CO2 over-emissions from the perspectives of benefit
principle and ecological deficit. Ecological Economics, 46(1), 121-141.
Francis, G., & Whitelaw, G. (2004). Biosphere reserves in Canada: an introduction. Environments, 32(3),
1-2.
Franco, V., Kousoulidou, M., Muntean, M., Ntziachristos, L., Hausberger, S., & Dilara, P. (2013). Road
vehicle emission factors development: A review. Atmospheric Environment, 70, 84-97.
Foley, J., Lant, P. (2007). Fugitive Greenhouse Gas Emissions from Wastewater Systems. WSAA
Literature Review No.01. Water Services Association of Australia, Melbourne and Sydney, Australia.
Fuller, R. J., & Crawford, R. H. (2011). Impact of past and future residential housing development
patterns on energy demand and related emissions.Journal of housing and the built environment, 26(2),
165-183.

96

Gentil, E., Christensen, T. H., & Aoustin, E. (2009). Greenhouse gas accounting and waste
management. Waste Management & Research, 27(8), 696-706.
Ghertner, D. A., & Fripp, M. (2007). Trading away damage: Quantifying environmental leakage through
consumption-based, life-cycle analysis. Ecological Economics, 63(2), 563-577.
Gill, M., Smith, P., & Wilkinson, J. M. (2010). Mitigating climate change: the role of domestic
livestock. Animal, 4(3), 323-333.
Haden, V. R., Dempsey, M., Wheeler, S., Salas, W., & Jackson, L. E. (2013). Use of local greenhouse gas
inventories to prioritize opportunities for climate action planning and voluntary mitigation by
agricultural stakeholders in California. Journal of Environmental Planning and Management, 56(4),
553-571.
Harvey, L. D. (1993). Tackling urban CO2 emissions in Toronto. Environment: Science and Policy for
Sustainable Development, 35(7), 16-44.
Hermann, B. G., Kroeze, C., & Jawjit, W. (2007). Assessing environmental performance by combining
life cycle assessment, multi-criteria analysis and environmental performance indicators. Journal of
Cleaner Production, 15(18), 1787-1796.
Hillman, T., Janson, B., & Ramaswami, A. (2009). Spatial allocation of transportation greenhouse gas
emissions at the city scale. Journal of Transportation Engineering, 137(6), 416-425.
Horne, R. E., Grant, T., & Verghese, K. L. (2009). Life cycle assessment: principles, practice and
prospects. Architecture, 175pp, CSIRO Publishing.
ICLEI (2009) . International Local Government GHG Emissions Analysis Protocol (IEAP).
International Council for Local Environmental Initiatives. Retrieved from:
http://www.icleicanada.org/images/icleicanada/pdfs/ICLEI_IEAP_Protocol_2009.pdf
ICLEI (2012) .Global Protocol for Community-Scale GHG Emissions (GPC). International Council for
Local Environmental Initiatives. Retrieved March 2012 from:
http://www.ghgprotocol.org/files/ghgp/GPC_PilotVersion_1.0_May2012_20120514.pdf
Ibrahim, N., Sugar, L., Hoornweg, D., & Kennedy, C. (2012). Greenhouse gas emissions from cities:
comparison of international inventory frameworks. Local Environment, 17(2), 223-241.
IPCC (1990). Climate Change-Scientific Assessment. 365 pp., Cambridge Univ. Press, New York.
IPCC (1996) Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories (3 volumes).
Intergovernmental Panel on Climate Change.
IPCC (2001). Good practice guidance and uncertainty management in national greenhouse gas
inventories. In: J. Penman et al. (Eds.), IPCC National Greenhouse Gas Inventories Programme.
Technical Support Unit, Hayama, Japan.
IPCC (2006). 2006 IPCC Guidelines - Chapter 6: Wastewater Treatment and Discharge. Cambridge
University Press, Cambridge, United Kingdom
97

IPCC (2007). Climate Change 2007: mitigation. Contribution of Working Group III to the Fourth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, United Kingdom
ISO 14064-1 (2006). Part 1: Specification with guidance at the organization level for quantification and
reporting of greenhouse gas emissions and removals. International Organization for Standardization,
Geneva, Switzerland.
Jonas, M., Marland, G., Winiwarter, W., White, T., Nahorski, Z., Bun, R., & Nilson, S. (2011). Lessons to
be learned from uncertainty treatment: Conclusions regarding greenhouse gas inventories (pp. 339343). Springer Netherlands.
Joseph, K. (2006). Stakeholder participation for sustainable waste management. Habitat
International, 30(4), 863-871.
Kates, R.W. et al. (1998). Methods for estimating greenhouse gases from local places. Local
Environment, 3(3), 279–297.
Kent, J. H., & Mudford, N. R. (1979). Motor vehicle emissions and fuel consumption
modelling. Transportation Research Part A: General, 13(6), 395-406.
Kleiner, K. (2007). The corporate race to cut carbon. Nature Reports Climate Change, 40-43. Retrieved
May 2014 from http://www.nature.com/climate/2007/0708/full/climate.2007.31.html.
Kohler, N., Schwaiger, B., Barth, B., & Koch, M. (1997). Mass flow, energy flow and costs of the
German building stock, CIB 2nd Int. Conf. Buildings & the Environment, Paris, June 9-12.
Kondo, Y., Moriguchi, Y., & Shimizu, H. (1998). CO2 Emissions in Japan: Influences of imports and
exports. Applied energy, 59(2), 163-174.
Kunselman P et al (1974) Automobde Exhaust Enussron Modal Analvsrs Model U S EnvIronmental
ProtectIon Agency EPA, 460:3,74-005
Larsen, H. N., & Hertwich, E. G. (2009). The case for consumption-based accounting of greenhouse gas
emissions to promote local climate action. Environmental Science & Policy, 12(7), 791-798.
Lee, C. H., & Ma, H. W. (2013). Improving the integrated hybrid LCA in the upstream scope 3 emissions
inventory analysis. The International Journal of Life Cycle Assessment, 18(1), 17-23.
Lenzen, M. (1998). Primary energy and greenhouse gases embodied in Australian final consumption: an
input–output analysis. Energy policy, 26(6), 495-506.
Limmeechokchai, B., & Suksuntornsiri, P. (2007). Embedded energy and total greenhouse gas emissions
in final consumptions within Thailand. Renewable and Sustainable Energy Reviews, 11(2), 259-281.
Lindsey, M., Schofer, J. L., Durango-Cohen, P., & Gray, K. A. (2011). The effect of residential location
on vehicle miles of travel, energy consumption and greenhouse gas emissions: Chicago case
study. Transportation Research Part D: Transport and Environment, 16(1), 1-9.

98

Lou, X. F., & Nair, J. (2009). The impact of landfilling and composting on greenhouse gas emissions–a
review. Bioresource Technology, 100(16), 3792-3798.
Macey, S. (2013, August 7). Biosphere operations change since loss of funding in 2012. The Battlford
News-Optimist. Retrieved from
http://www.newsoptimist.ca/article/20130807/BATTLEFORD0101/308079999/1/battleford/biosphere-operations-change-since-loss-of-funding-in-2012
MacGregor W.A. et al (1993). Space heating using small-scale fluidized beds: a technoeconomic
evaluation. International Journal of Energy Research, 17, 445-466.
Massé, D. I., Talbot, G., & Gilbert, Y. (2011). On farm biogas production: A method to reduce GHG
emissions and develop more sustainable livestock operations. Animal Feed Science and Technology, 166167, 436-445.
Mathez, A., Manaugh, K., Chakour, V., El-Geneidy, A., & Hatzopoulou, M. (2013). How can we alter our
carbon footprint? Estimating GHG emissions based on travel survey information. Transportation, 40(1),
131-149.
McCarty, P. L. (1964). Anaerobic waste treatment fundamentals. Public works, 95(9), 107-112.
Mihai, F.C (2013). Tourism Implication on Waste Management, Case Study: Neamt County, Romania.
Present Environment and Sustainable Development. 7 (1), 214-221.
Mohareb, E. A., MacLean, H. L., & Kennedy, C. A. (2011). Greenhouse Gas Emissions from Waste
Management—Assessment of Quantification Methods.Journal of the Air & Waste Management
Association, 61(5), 480-493.
Monni, S., & Syri, S. (2011). Weekly greenhouse gas emissions of municipalities: Methods and
comparisons. Energy Policy, 39(9), 4755-4765.
Moon, J. (2007). The contribution of corporate social responsibility to sustainable development. Sustainable
Development, 15(5), 296-306.
Morlot, J. C., Schwengels, P., & Lurding, S. (1994). National GHG inventories: Recent developments
under the IPCC/OECD Joint Programme. In Non-CO2 Greenhouse Gases: Why and How to
Control? (pp. 41-52). Springer Netherlands.
Munksgaard, J., Pedersen, K.A. (2001). CO2 accounts for open economies: producer or consumer
responsibility? Energy Policy 29, 327– 334.
NRCAN (2011). Comprehensive Energy Use Database 1990 to 2011. Retrieved from
http://oee.nrcan.gc.ca/corporate/statistics/neud/dpa/comprehensive_tables/list.cfm?attr=0
Nisbet, E., & Weiss, R. (2010). Top-down versus bottom-up. Science,328(5983), 1241-1243.
Province of Ontario (2014). Energy use and greenhouse gas emissions for the Broader Public Sector.
Retrieved from https://www.ontario.ca/environment-and-energy/energy-use-and-greenhouse-gasemissions-broader-public-sector-0
99

Parekh A. (2005). Development of archetypes of building characteristics libraries for simplified energy
use evaluation of houses. Proc. 9th Int IBPSA Conf, Montreal, 921-928.
Pandey, D., Agrawal, M., & Pandey, J. S. (2011). Carbon footprint: current methods of
estimation. Environmental monitoring and assessment, 178(1-4), 135-160.
Patra, A. K. (2012). Estimation of methane and nitrous oxide emissions from Indian livestock. Journal of
Environmental Monitoring, 14(10), 2673-2684.
Peeters, P. (2007). The impact of tourism on climate change. Centre for Sustainable Tourism and
Transport, NHV University for Applied Sciences, Breda, Netherlands.
Peters, G. P., & Hertwich, E. G. (2008). Post-Kyoto greenhouse gas inventories: production versus
consumption. Climatic Change, 86(1-2), 51-66..
Peters, G. P. (2008). From production-based to consumption-based national emission
inventories. Ecological Economics, 65(1), 13-23.
Peters, G. P. (2010). Carbon footprints and embodied carbon at multiple scales. Current Opinion in
Environmental Sustainability. 2:245–250
Petersdorff, C., Boermans, T., & Harnisch, J. (2006). Mitigation of CO2 emissions from the EU-15
building stock. beyond the EU directive on the energy performance of buildings (9 pp). Environmental
Science and Pollution Research, 13(5), 350-358.
Province of Ontario (2014). Energy use and greenhouse gas emissions for the Broader Public Sector.
Retrieved February 2014 from https://www.ontario.ca/environment-and-energy/energy-use-andgreenhouse-gas-emissions-broader-public-sector-0
Pulles, T., & Yang, H. (2011). GHG emission estimates for road transport in national GHG
inventories. Climate Policy, 11(2), 944-957.
Ravindranath, N. H., & Ostwald, M. (2007). Carbon inventory methods: Handbook for greenhouse gas
inventory, carbon mitigation and roundwood production projects (Vol. 29). Springer.
Rentziou, A., Gkritza, K., & Souleyrette, R. R. (2012). VMT, energy consumption, and GHG emissions
forecasting for passenger transportation.Transportation Research Part A: Policy and Practice, 46(3),
487-500.
Ritzkowski, M., & Stegmann, R. (2007). Controlling greenhouse gas emissions through landfill in situ
aeration. International Journal of Greenhouse Gas Control, 1(3), 281-288.
Rodrigues, J., Domingos, T., Giljum, S., & Schneider, F. (2006). Designing an indicator of environmental
responsibility. Ecological Economics, 59(3), 256-266.
Rogers, J. C., Simmons, E. A., Convery, I., & Weatherall, A. (2008). Public perceptions of opportunities
for community-based renewable energy projects. Energy Policy, 36(11), 4217-4226.
Rypdal, K., Winiwarter, W., 2001. Uncertainties in greenhouse gas inventories}evaluation, comparability
and implications. Environmental Science and Policy, 4, 107–116.
100

Sahely, H. R., MacLean, H. L., Monteith, H. D., & Bagley, D. M. (2006). Comparison of on-site and
upstream greenhouse gas emissions from Canadian municipal wastewater treatment facilities. Journal
of Environmental Engineering and Science, 5(5), 405-415.
Schiller, P. L., Bruun, E. C., & Kenworthy, J. R. (2010). An introduction to sustainable transportation:
Policy, planning and implementation. Earthscan.
Scipioni, A., Mastrobuono, M., Mazzi, A., & Manzardo, A. (2010). Voluntary GHG management using a
life cycle approach. A case study. Journal of Cleaner Production, 18(4), 299-306.
Scott, N. A., Tate, K. R., Giltrap, D. J., Tattersall Smith, C., Wilde, H. R., Newsome, P. J. F., & Davis, M.
R. (2002). Monitoring land-use change effects on soil carbon in New Zealand: quantifying baseline
soil carbon stocks. Environmental Pollution, 116, S167-S186.
Selman, P. (2004). Community participation in the planning and management of cultural
landscapes. Journal of Environmental Planning and Management, 47(3), 365-392.
Shewchuk, J. (1992). Life cycle thinking. CMA, 66(4), 34-36.
Shimoda, Y. et al (2003). Development of residential end-use simulation model at city scale. Proc. 8th Int
IBPSA Conf, Eindhoven, 1201-1208
Skovgaard, M., Hedal, N., Villanueva, A., Møller Andersen, F., & Larsen, H. V. (2008). Municipal waste
management and greenhouse gases. Copenhagen: European Topic Centre on Resource and Waste
Management.
Sovacool, B. K., & Brown, M. A. (2010). Twelve metropolitan carbon footprints: A preliminary
comparative global assessment. Energy policy, 38(9), 4856-4869.
Statistics Canada (2011a). 2011 Census Profiles. Retrieved January 2013 from
http://www12.statcan.gc.ca/census-recensement/index-eng.cfm
Statistics Canada (2011b). 2011 Census of Agriculture. Retrieved May 2013 from
http://www.statcan.gc.ca/ca-ra2011/index-eng.htm
Statistics Canada, (2011c). Census of Agriculture, Farm and Farm Operator Data, catalogue no. 95-640XWE. Retrieved from http://www29.statcan.gc.ca/ceag-web/eng/transpose-vartransposer?geoId=350000000&selectedVarIds=342%2C337%2C
Stern, J. C., Chanton, J., Abichou, T., Powelson, D., Yuan, L., Escoriza, S., & Bogner, J. (2007). Use of a
biologically active cover to reduce landfill methane emissions and enhance methane oxidation. Waste
Management, 27(9), 1248-1258.
Sullivan, J. & Oliva, M. (2007). GREENHOUSE GASES: An Effective Strategy for Managing GHG
Emissions. Chemical Engineering, 114(8), 34-40.
Sundin, H. & Raganathan, J. (2002). Managing Business Greenhouse Gas Emissions: The Greenhouse
Gas Protocol – A Strategic and Operational Tool. Corporate Environmental Strategy, 9(2), 137-144.
101

Swan, L.G. & V.I Ugursal (2009). Modeling of end-use energy consumption in the residential sector: A
review of modeling techniques. Renewable and Sustainable Energy Reviews, 13, 1819–1835
Swan, L. G., Ugursal, V. I., & Beausoleil-Morrison, I. (2013). Hybrid residential end-use energy and
greenhouse gas emissions model–development and verification for Canada. Journal of Building
Performance Simulation, 6(1), 1-23.
Takahashi, J. (2006, July). Emission of GHG from livestock production in Japan. In International
Congress Series (Vol. 1293, pp. 13-20). Elsevier.
Tate, K. R., Wilde, R. H., Giltrap, D. J., Baisden, W. T., Saggar, S., Trustrum, N. A., ... & Barton, J. P.
(2005). Soil organic carbon stocks and flows in New Zealand: System development, measurement and
modelling. Canadian Journal of Soil Science, 85(Special Issue), 481-489.
Transport Canada (2009). Improving Travel Options in Small & Rural Communities.
https://www.fcm.ca/Documents/tools/GMF/Transport_Canada/ImprovingTravelSmallRural_EN.pdf
United Nations Framework Convention on Climate Change (UNFCCC) (1992). United Nations
Framerwork Convention on Climate Change [Document]. Rio de Janeiro, Brazil. Retrieved October
2012 from http://unfccc.int/resource/docs/convkp/conveng.pdf
UNESCO (2008). Madrid Declaration on the UNESCO Man and the Biosphere (MAB) Programme and
the World Network of Biosphere Reserves (WNBR). Madrid, Spain. Accessed September 2012 from
http://www.unesco.org/new/en/media-services/singleview/news/madrid_declaration_on_the_unesco_man_and_the_biosphere_mab_programme_and_the_
world_network_of_biosphere_reserves_wnbr/#.VB3Uk_mwLoZ
UNESCO (2011). Dresden Declaration on Biosphere Reserves and Climate Change. Retrieved from
http://www.unesco.org/new/fileadmin/MULTIMEDIA/HQ/SC/pdf/DRESDEN_DECLARATION_M
AB.pdf
UNESCO/UK MAB (2013). Biosphere Reserves [Image]. Retrieved from http://www.dublincity.ie/mainmenu-services-recreation-culture-dublin-city-parks-visit-park-north-bull-island-unesco-0
White, T., Jonas, M., Nahorski, Z., & Nilsson, S. (Eds.). (2011). Greenhouse gas inventories: dealing
with uncertainty. Springer. Berlin, Netherlands
Wiedmann, T., & Minx, J. (2008). A definition of ‘carbon footprint’. Ecological Economics Research
Trends, 1, 1-11.
Winiwarter, W., & Rypdal, K. (2001). Assessing the uncertainty associated with national greenhouse gas
emission inventories:: a case study for Austria. Atmospheric Environment, 35(32), 5425-5440.
WRI/WBCSD (2004). The greenhouse gas protocol: A corporate accounting and reporting standard
revised edition. Geneva: World Business Council for Sustainable Development and World Resource
Institute.
WRI /WBCSD (2010). GHG Reporting Protocol: Corporate Value Chain (Scope 3) Accounting and
Reporting Standard. Geneva: World Business Council for Sustainable Development and World
Resource Institute.
102

