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Executive Summary

Eden Mills is asmall villagelocatedwithin the GuelphEramosa township of Wellington
County, Ontario. They have recently decided to launch aatiaé to become the first Carbon
Neutral Village in North Ameaca. This journey began as thidage recognized their growin
contributions to the climatéhange problem through increasing £#missions.

The involvement of the Carbon Neutral Student RtoJeam focused mainly on
developing a carbon survey and calculator to deterthmeillage Carbomfrootprintwhich is
defined as their total annual @@missionsTheinitial Carbon Footprint is an essential step
towards Carbon Neutrality, as ittdemines the baselinemissionghat the Vlage must work
towards lowering, through reductiontiativesand sequestration projects.

A literature review was completed in order to gain basfimrmation on how to develop a

carbon alculator, develop a survey, aptesent these results to participants.

With consultatiorfrom Richard Lay from Enermodal Engineering Ltour client
Charles Simonand survey advisolsinda Melnick and Brenda Tayloa,final carbonsurvey was
developed Participants were surveyederpersonally at the Eden Mills Community Centre late

in of January 2008.

Collectedsurvey datavas entered into the carbon calculator which was constructed using
Microsoft ExcelandCO, emission coefficients obtaindm government sources, internet
carban calculators and available literatuiidnefinal resultbeingthe projectedCarbon Footprint
of 4607.9 t/yr of CQfor Eden Millscalculated aghetotal amount of2O, emissiongrom

households, the Eden Mills Community Centre and Edgewood Camp.

Tocommuicatepar t i ci p at iCargon Rootprissear appraprea@ media
format was developed. A newsletter format was created and will be emaiiealledto
participantswvhich will include universally accepted energy reduction recommendatioss.
hoped that participants will make use of these recommendations to reduce their household

Carbon Footprint thereby easing the burden of ®@t requires sequestration.
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1.0.Introduction

Climate dange has been a contentious political, secimnomic an@nvironmental issue
in recentyears,sparking many debates on how and why it is happening and what can be done to
stop it. It has been widely accepted among experts and the public today that one of the main
culprits inducing global climate change has bémnanhropogenic contribution dtarbon
Dioxide (CQ) to the atmospherdéiowe\er, political action to battle climatéange has been
less than satisfactory and with the recent withdrawal of Canada from the Kyoto Bribiecol
hope of tacking this issue &s become less ofraality for many Canadians

Eden Mills, a small village on the outskirts of the township of Gu&lmosa has
nevertheless takenpmoactive stance on this issue. Recognizing that all individuals contribute in
some way to climate chaaghey have embarked on a fiyear long grassroots endeavour to
reduce their carbon emissions and become the first Carbon Neutral village in North America.
Inspired by the actions of Ashton Hayes, the first village attempting to become Carbon Neutral in
the Unted Kingdom (Alexander and Degg 2007), Eden Millas to follow their footsteps to
achieve Carbon Neutrality in their community. As a grassroots program Eden Mills is proceeding
without political affiliation but is open to their contributions orisissice

Thegrassroots program includassariety of steps addressing transportation, education,
carbon sequestration dugreen power. Furthermore, determining @ebonFootprint of the
village will assist villagers in understanding their own contribas to the climate change
problem. Following the actions of AshtoHayes (Alexander and De@§07) a voluntary carbon
survey was conducted tife households in Eden Mills.

As fourth year environmental science students from the University of Guelph we

deweloped and administerehlis carbon emissionsurveyand associated carbon calculafbo



accomplish thisve critically reviewed other carbon calculators available inttNAmerica (
Zerofootprint Inc 2006; Nature Conservarg07) as well as the onsedby Ashton Hayes
(Alexander2006) in order to assemble survey questions thdiestaddressed to the specific
CO, emissionsn the village of Eden MillsSurvey questions are based on calcula@iay
emissions as well as determinitige main sourcesf €O, from each househal®e conducted
an interpersonal trial survey &6 households in December 2007 and conducted the full
interpersonal survey in January 2008. Over the following months we inputted the surveyed data
into our calculatoto gain the villagé s  C aootprontn Furkher analysis of the collected data
followed as we determined the total amount of carbon emissions per household in Eden Mills.
Essentially, this will béhe Carbon Footprinfor Eden Mills. The survey we constructed is
repeatableas it will be performed each year to monitor changes in carbon dioxide emissions per
household. Furthermore, household data will be assessed tgaffmaluggestions that can be
used to reduce carbon emissiohise recommendations for households, aleity the compiled
survey results will be emaileat mailledto most residents andill be available in the early
spring of 2008.

In this reportthere is a detailed descripti@f this project including diterature review;
methodology; resultgliscusgn and recommendationdny comments or questions concerning
this proposal can be directed to thenoounications liaison, Ashley Hlilaire by email at

carbon.neutral2008@gmail.com


mailto:asthilai@uoguelph.ca

1.1.Goals and Objectives

The goal of the project was to calculate the total Carbon Footprint for the village of Eden

Mills, Ontario.

Objectives:

1) To develop and conductcarbonsurvey in which theollectedsurvey data can be used
to calculateCO, emissions.

2) Input the surveylata and calculate household and total village Carbon Footprint.

3) Create a postehatcommunicates to the public the methods used as well as the results
of the Carbon Footprint.

4) Develop a feedback brochure, which gives survey participants their emisssaits and
includes generdiousehold and personalethods to reduce their Carbon Footprint.

5) Create a comprehensive report outlining the entire development of Eden Mills Carbon

Footprint.



2.0. Literature R eview

2.1. Climate Change

2.11. Carbon dioxide, Climate Change and Global Warming

Climate change is the term given to changes in weather patterns that a region experiences
due to changes in temperature, precipitation and atmospheric circulation, these variables are
governed by the greenhausffect (Environment Canada 2007a, Michesteal.1 997 ) . Eart ho
atmosphere allows shentave radiation (visible light) to pass through, consequently heating the
surface. Greenhouse gases such as water vapour, carbon dioxide and methanewsagelong
(infrared) radiation emitted by the Earthos sur
effect (Taylor 1991). Naturally, the greenhouse effect supports all life on earth by sustaining an
average temperature of %G5 otherwise the average temperatwould be-18°C (Environment
Canada 2007a). The magnitude of the greenhouse effect is dependent on the concentration of
greenhouse gases (GHG) in the atmosphere, which can be increased by natural processes and
human activities. The increase in greenhayeses disrupts the energy balance equilibrium,
which leads to rising temperatures within the atmosphere (Taylor 1991). Natural release of
greenhouse gases are derived from, but not limited to, the decay of organic material, animal
respiration and wastesnghropogenic greenhouse gases result from burning fossil fuels,
industrial processing and agriculture production, which contribute most to climate change
(Environment Canada 2006, Taylor 1991). Aetdal. (2006) indicates anthropogenic sources
contributedthe most to rising temperatures in the past 50 years. According to Environment
Canada (2007a), water vapor represents 65 percent of total greenhouse gases while carbon

dioxide represents 25 percent and other gases account for 10 percent.



The main gas assing climate change concern is carbon dioxide. However, carbon
dioxide is the least efficient greenhouse gas for trapping long wave radiation; this is referred to
as the Global Warming Potential. For comparison, carbon dioxide has a Global Warming
Potental of 1 while methane has a Global Warming Potential of 21 (Hougittain1996 as
cited in Environment Canada 2007a). This indicategethananoleculeis 21 tines more
influential on climatehana carbon dioxidenoleculeover a period 100 years. Theghi
atmospheric concentration of carbon dioxide (compared to other greenhouse gases) from
anthropogenic sources contributes the most to the greenhouse effect (Taylor 1991). Comparing
the amount of carbon dioxide and methane released in Canada in 2004inapialy 114 times
more carbon dioxide was released, 593,000 kt of carbon dioxidg (G@pared to 5200 kt of
methane (Ck) (Environment Canada 2006). On a global scale, carbon dioxide concentrations
have increased from 336 ppm in 1979 to 380 ppm in 200k methane increased from 1559
ppb to 1775 ppb during the same period (National Oceanic and Atmospheric Administration
2007). To further illustrate the effect of carbon dioxide, it takes 120 years for its mass to decay to
37 percent of its initial masspmpared to 10 years for methane (Rodhe 1990). The combination
of high emission rates, high atmospheric concentration and long decay time for carbon dioxide

have enhanced the greenhouse effect and made it the biggest contributor to climate change.

2.1.2 Impact of Climate Change

Greenhouse gases have increased to levels that scientists have concluded are changing the
climate, the effects of climate change are both severe and global in naturetAuRDO6).
According to Bolancet al. (2004) and Aulcet al. (2006), temperatures are expected to increase

more in cooler climates relative to warmer climates. In other words, temperatures in northern



latitudes are expected to increase more than southern latitudes; similarly, winters will be warmer
relative b summers. In relationship to climate change, weather events such as droughts,
rainstorms and tropical storms are expected to increase in frequency and intensity accompanied
by severe fluctuations in temperatures (Aetél 2006). In Ontario, the tempeuee is expected

to increase by € over the next 100 years while precipitation is expected to increase by 15%
annually if carbon dioxide concentrations are doul&defenhagen and Noland 2009yld et

al. 2006). Consequently, the increase water volunteflow rates in rivers caused by increased
precipitation will increase erosion leading to increased suspended sediments which results in
lower water quality (Aulcet al 2006). With these changing atmospheric conditions human

health, animal diversity, pta diversity and diseases will be impacted globally.

A number of human health related illnesses are attributed to changes to the current
climatic conditions (Martens 1999, McMichaetlal.2006). For example, gher temperatures in
urban cenes are incrasing the number of heat waves and smog days during summer; Toronto
estimates 120 premature deaths per year (Martens 1999, OAGC 2006). Also, allergic disorders
such as asthma and hay fever are expected to increase as a result of longer pollen seasons due t
longer and warmer summers (McMichaghl.2006). Additionally, the risk of food poisoning is
greater at higher temperatures, specifically the proliferati@athonellaspp, which cause
Salmonellosis disease where symptoms include diarrhea, vommiihgbalominal pain
(McMichaelet al.2006, Bentham and Langford 2001 and Barleai@. 2000). Human health
concerns represent a major factor for adopting climate change policies.

According to Bolancet al. (2004), climate change will affect the occurrentglant
pathogens in the agricultural and forestry sectors. For example, the fungal pathogen

Phaeoisariopsis griseols known to case angular leaf spot in beam$e United States have



reported yield losses of 50 percent due to angular leaf spot (Hageubh Wade 1974 as cited in
Bolandet al.2004).In Ontario,P. griseolais expected to survive the milder winter as a result of
higher temperatures due to climate change (Botdrad. 2004).Similarly, Bolandet al.(2004)
reports the Dutch elm diseased the Cucumber mosaic disease will have increased occurrences,
progress and duration asesult of warmer temperaturdsengthening the life span of pathogens
in the agricultural and forestry sectors through climate change could have dire consequences o
food supply and the natural environment, especially with a growing population.

The effects of climate change on the health and survival of animal and plant species are
detrimental. A study by Thuillezt al. (2005) examined the distribution of planesies in
Europe in relation to changing climatic variables, such as temperature and greenhouse gas
concentrations. The study concluded that many European plant species could be threatened or
extinct as a result of climate change. Under the weasé scen#, where species cannot
migrate, with an atmospheric G@oncentration of 800 ppm and a temperature rise 6C3x6ll
result in more then half of the species in the study being extinct by 2080. Under less extreme
scenarios 67 percent of species aresifeed as low risk according to the International Union for
Conservatiorof Nature Red List AssessmeSBimilarly, Thomaset al.(2004) reports 15 percent
to 37 percent species extinction by 2050 including both animal and plant species. The consensus
is that if extreme shifts in climate occur, plants and animal species may not be able to adapt to
the new climate quick enough to survive (Aeldal 2006).

Auld et al (2006) reported on the impacts of climate change on the Great Lakes and its
coastal commuties, such a3 oronto, Hamilton and Windsofhese communities depend on the
lakes for fresh water supply, recreation and marine transport. The continual urbanization and

industrialization of coastal communities will add to the impact by climate chamge. the early



19006s, communities surrounding the Great Lak

temperature increases of %7 As a result of warmer air temperatures and milder winters, the
amount of evaporation from the Great Lakes is expected teaser Consequently, water levels

in the Great Lakes are expected to drop by up to one meter, severely affecting the ecology of
riparian zones, marine transport and fresh water supply. For example, if riparian zones dry up
they will destroy wildlife habitas. Dredging to deepen channels and harbors to allow commercial
transport/shipping will damage aquatic environments and increased dry periods during the
summer will increase pressure on water supply. In the past, Toronto has asked residents to
reduce wateusage during hot and dry weather because of water shortages (City of Toronto
2005). On the other hand, regulating water levels through dam structures can mitigate low water
levels, however the magnitude of regulation on the natural environment is cosiabasrthe
damages and benefits are not fully understood. In contrast, climate change is causing the sea
level to rise, which has potentially detrimental effects to oceanic coastal regions (Miehaher
1997,Nicholls et al1999).Nicholls et al. (1999 predicts a rise in sea lelof 38 cm from 1990

to 2080.This will result in the loss of 22 percent of coastal wetlands and the flooding of
populated coastal communities will increase by five times. Climate change will decrease fresh
water levels but inease sea lels both are detrimental twatural and anthropogenic

environments.

2.1.3.Carbon Neutral and Eden Mills going Carbon Neutral

The impact of climate change is severe both ecologically and anthropologically. If
greenhouse gas emissions aséstabilized, the impacts of climate change will be very real.

Carbon neutrality is the concept of balanci

ng



sequestration, ultimately achieving net zero carbon emisdime(Mills Millpond
Conservation Assaation Inc, 2007). There are two courses of action that must be taken to
achieve carbon neutrality. The first task is to reduce the amount of carbon emitted. This can be as
simple as turning off lights, less driving or lowering the thermostat, in oth@lswsing less
energy. However, the second task of carbon dioxide sequestration is more difficult because it
involvesmechanisms for chon absorption with vegetatioRovellatoet al. (2007) concluded
that agriculture and forestry could effectively abateghouse gases at a competitive cost. Eden
Mills plans to embark on an afforestation project in 2008 to complete this task.

The Canadian Federal government has created,arf@Qation plan (Simpsoet al.
2007), however significant action has yet teuwrc On the other hand, the Ontario Provincial
government has created its own emission targets for the coming years. According to the
Government of Ontario (2007), in the short, medium and long terms, Ontario has set greenhouse
gas targets at 6 percent, @&rcent and 80 percent below 1990 levels by 22020 and 2050,
respectivelyl n 1990, Ontariobds tot aleaswedatd?mdlions e gas
tonnesGi ven Ontariods current economic and popul
greenhouse gas emissions will reach 249 million tonnes. To mitigate these emission projections,
Ontario has already implemented policies and initiatives to reach these goals, including
(Government of Ontario, 2007):

e Coal Phase Out: Have reduced GHG emissima toal power plants by 1/3
from 2003 to 2006.
¢ Renewable electricity generation: makes generating renewable energy cost
effective for businessesd to sell energy
e Creation of the Greenbelt: protects environmentally sensitive areasifoam

development. Effectively reduces urban sprawl and pollution.



e Places to Grow Act: promotes and sets targets for more environmentally

sustainable urban cegs.
e Ontariobs new Building Code: i mproves ene

businesses.

The rising concerns of climate change have prompted villages such as Eden Mills and
Ashton Hays to attempt carbon neutrality. Eden Mills Going Carbon Neutral project is a
grassroots initiative that involves little or no political affiliation. Their projechspired by the
actions taken by the English village of Ashton Hayes to achieve Carbon Neutrality. Alegander
al. (2007) have outlined the steps taken by Ashton Hayes, which have been the inspiration of
Eden Mills Going Carbon Neutral Project. Charn(@B807) applauds the success of the Ashton
Hayes initiative and recounts how a number of other villages in both England and other countries

expressed interest and request information on how they can mitigate their emissions.

2.2 Carbon Coefficients

2.21. Intergovernmental Panel on Climate Change (IPCC)

The IPCC was established in 1988 in order to investigate the scientific, technical and
sociaeconomic information relevant to thederstanding of human induced climate change,
potential impacts of climte change and options for mitigation and adaptation. One of the
projects that the IPCC has undertaken is a uniform methodology in determining greenhouse gas
inventories. The greenhouse gas inventory is the calculation of every countries greenhouse gas
emissions, including C® Working closely with the Organization of Economic Cooperation and

Development (OECD) and the International Energy Agency (IEA), a program was developed to

1C



create a plan for countries to measure their total carbon emissions, a&isi@ [gtant for
mitigation opportunities.

The Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories is the
publication which outlines how tetermine carbon inventorids. this documentmethods for
determining fuel combustion estimates &vdeveloped by forty experts from various related
fields. CO,is one of the easiest gases to estimate combustion emissions and can be done based
on their simplified tier 1 assessment. Other greenhouse gases su€h, &N NCOy, CO and
CH, are more diffialt to determine and require more information on how the fuel is combusted
to accurately determine emissions. Measu@i@ emissions is a good starting point for
developing a Carbon Footprint as it is easier to estimate and is the primary sourceivéradiat
forcing (60 percent prandustrial time) and accounts for-BO percent of fossil fuel emissions
(IPCC 1996). Radiative forcing according to the United Nations Environmental Programme
(1996) nfis the change i n t heiednaotphenccard radiationwe e n
goi ng out 0,atcbunts fer 60opereent 6fhe increase of radiation beiegited
towards earth resulting in climate change.

The IPCC (1996) report highlights tha©, emissions can be estimated from energy
activities via energy supplie€0O, emissions are also expressed in relation to the energy content
of fuel; this reduces the variation of carbon and energy content by weight of fuels under the
| PCCO0s directions. They al s ogiwernoughinf@mationet f ue
estimateCO,, but suggest that due to changes in fuel quality, emissions factors can very from

place to place and therefore local data should be used as much as possible (IPCC 1996).
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2.22. American and Canadian CQ Coefficients

The U.S. has created a list@0, emission coefficients based on fuel types which can be
found at the Energy Information Administration (EIA 2008) website. All of their emission
factors are based on the IPCC guidelines for determining carbon inesnt©anadian sources
of CO, emission factors have been derived from numerous studies and tests conducted by
Environment Canada (2007b), the US EPA (2008) and a number of other domestic and
international organizations. Canadia@, coefficients include COsawell asCO, under the
assumption that any CO emissions are entirely oxidiz&an the atmosphere shortly after
combustionThe emission factors used in Canada's GHG inventory are based upon the physical
guantity of fuel combusted, rather than onehergy content of the fuel. This marks a significant
deviation from IPCC (2006) methodology which as previously noted measure emissions in
relation to energy content. According to Environment Canada (2007b) emission factors based on
the physical quantitgf fuel combusted provide a more accurate estimate of emissions. Fewer
conversions are required to derive estimates; also because the quantity of fuel consumed is
reported in physical units to Canada's statistical agency, accuracy is maintained.

The Canadin set of coefficients, however, does not supply a single factor for any
biofuels. Environment Canada (2007b) explains that since@@®emissions change depending
on what type of tree species biofuel is being combusted, therefore there is a unigderfactor
each species. The US EIA (2008) does provide a singbec@&ficient for biofuels on the basis
of weight. Since most public purchasers of wood do not buy on a basis of weight but rather by
cord (46x406x806) it becomes gecomofwoodweighst o know

Dewald (2005) provides the average weight of a cord of wood, booth wet and dry, for some of
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the most common species of trees in North America. Using the weight of the wood burned will

give a more accurate estimation of the amoui@@©f emitted from that source.

2.2.3. Fuel Efficiency

When calculatingcO, emissions for personal transportation the most pertinent
information required is personal fuel efficiency based on actual mileage and the fuel use. Using
personal fuel efficiencinformation allows for the individual habits of each driver to be
incorporated into C@emissions. The personal fuel efficiency allows for the most accurate
calculation of CQemissions, especially because there are many different driving styles. Hedges
and Moss (1996) conducted a test in a driver training course on the beneficial gains from
changing driving habits and they concluded that the changes increased fuel efficiency from 14.58
miles per gallon to 14.67 miles per gallon in just 3 months. Othéishalzh as keeping tire
pressure and driving with windows rolled up can also increase the fuel efficiency of a vehicle. If
personal fuel efficiency cannot be acquired it is possible to attain general fuel efficiency from
individual car manufacturing compigs, yet (based on our own comparisons) these statistics
have a tendency to underestimate the actual efficiency of vehicles. Also the US department of
energy (2008) has a website which contains ev
fuel efficiency of the car in the year of its make as well as consumer sent fuel efficiency
information. It is often easier to find fuel efficiency on the US department of energy website
since survey respondents may not always have their fuel efficiency inforraatidable when

surveyed.
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2.2.4. Ontario Power Emissions @efficients

CO, coefficients for Ontario power generations are available from Enermodal
Engineering Ltd (Aussant, 2007). The coefficients are based on the Environment of Canada
GHG Inventory (200b) publication discussed earlier. Also it is important to note that the
coefficient includes all sources of Ontario electricity generation, however, on operational levels
hydro, nuclear, and biomass are not considered to produce GHG. The data uselodpnde\e
CO, emission coefficient are from 2004 and the coefficient is 0.222 kg/kWh. Ontario Power
Generation (2000) has also released a €&f@fficient of 0.19 kg/kWh, which demonstrates that

there is a range in the estimated emissions.

2.2.5. Public Transportation and Air Travel

Information on public transportation and air travel gbaeonsiderable challenge. A
considerable amount oésearch papers concerning buses contained information on particulate
emissions as opposed to actual,@issionsAlso each study provided different coefficients
regarding emissions. For example Nigehl.(1999), measured a difference in ££nissions of
100 g/mi depending on whether the bus ran on diesel or natural gas. Coefficients for air travel
also have manyiscrepancies especially since there are numerous types of planes for different
flights. Depending on the distance of the flight there are a number of different sized airplanes
which could be used. Generally the longer the flight the bigger the planecammbte CQwill
be emitted. Babikiaet al.(2002) further illuminated the difficulties with air travel by explaining
that regional aircraft are 480% less efficient then larger narrow and wide bodied jets.

Furthermore, differences in fuel efficiency risea large part due to changes in operation as
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opposed to technology when comparing aircraft (Babikian, 2002). Another difficulty in creating
coefficients for personal travel is that total emissions from the trip must be divided by the
average number gfassengers on the plane or bus or train. The number of passengers on a
particular vessel is difficult to determine; the fact that a jumbo jet is used to fly to London does
not give an indication of the number of people on the flight. Vincent (2006) datstrtiie CQ
emissions of public transport by using the total number of passengers over a year and dividing
that by the emissions of the fleet, this method is difficult to use for a village like Eden Mills
where any transport is out of town. Flights coedints would also be difficult to determine using

this method since there are so many different locations and variables to consider.

2.3. Ashton Hayes going Carbon Neutral

2.31. Background Information

The village of Ashton Hayes is a civil parish irtGhester District of Cheshire, England.
The village has a population of 919 and is located approximately 8 miles east of Chester. In
November of 2005, the Parish Council of Ashto
Neutral village. The ideatobtain Carbon Neutrality was proposed to the Parish Council by a
village resident, Garry Charnock, after he discussed the projects feasibility with Dr. Roy
Alexander, who agreed to seek support from the University of Chester (Alexander 2007). Dr.
Alexarder, a Geography professor at the University of Chester, undertook the task of developing
a carbon survey to measure the Carbon Footpri
Carbon Footprint is an assessment of the annual Carbon Dioxide emitted ryidaéshton

Hayes. Student volunteers were recruited to help administer the survey and bolster community
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support for the project. Charnock was also able to gain support from Energy Savings Trust (EST)
and Energy Projects Plus (EPP), which offered fregcacdn energy efficiency matters

(Charnock 2007)It was after Charnock had the support from both EST and EPP, and the

University of Chester, that he decided to propose the idea of Carbon Neutrality to the Parish

Council of Ashton Hayes. Alexander (2QG&Tated that the Parish Council voted to support the

project on the condition that Charnock held an event that would put the proposal before village
residents; this event became the formal launch of the project on JanllaBp@6. The event
attractednterest from local businesses which sponsored banners, display boards, and even

English sparkling wine (Alexander 2007). In his 2007 article featured in the Local Economy, Dr.

Roy Alexander stated this support resulted in a high profile launch whicldetkextensive

media coverage thereby providing sponsors of the project with a great deal of exposure.

According to Alexander (2007), as a conclusion to the launch meeting, members from the

county, the city, and Parish Councils provided practical enengyg advice by means of an

exhibition featuring stalls from both the private and public sectors. Lastly, Dr. Alexander
presented an outline of planned steps, the Un
i nformation r equi r e drbdné&ootpratl(Adenandert2607)f whieh witlbel | a g e

discussed in more detail in the proceeding section.

232 Ashton Hayes6 Carbon Calculator/ Survey

The first and most i mportant step for Asht
developmentofankfect i ve survey and carbon calcul ator
Footprint. The survey, which is included in

CD6 (Al exander 2007), was developed by Dr. Al
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comprised of 31 questions divided into sections pertaining to home energy use, travel and
transport energy use, and miscellaneous question regarding household habits (Alexander 2007).
Responses to a portion of these questions are used in the carbcst@atouheasure GO
emissions, and the remaining answers are compared to advice given by theSawvergy Trust
of fice to determine i f a househol d®e habits
Appendix E For Survey Questiong)n important aspeaif the CarbonFootprint measurement is
the development of a calculator that will effectively determing @@issions to a desired degree
of accuracy. Dr. Alexander decided that for the scope of the project, it would be sufficient to
obtain a baseline mearement of emissions from home and travel (Jones 2007). Alexander
(2007) stated that the calculator was written as a Microsoft Excel file which contains embedded
macros that compute survey data into a nomingl €flssion. After reading the data frontka
survey form, the correct figures are entered into the calculator one household at a time
(Alexander 2007). Once the data was entered they were able to calculate the average household
emissions per household type (i.e. detached home;detathed homepartment etc.) Average
values were then multiplied by number of household types in the village to determine the overall
Carbon Footprint of the Village. These results along with a table of recommended sy
actions were sent to village resideassfollowup to the Carbon survey.

Alexander (2007) noted that his calculator does not give an absolute measurement of the
Carbon Footprint, but rather an estimate because it is a bespoke calculator, meabasgd is
on standard average figures andwersion factors taken from sources such as DEFRA and the
Energy Saving Trust rather than using actual energy consumption.

Alexander (2007) credits community participation as the key factor in successfully

measuring the vil | agmextsectiGathelralerof cénomurtityp r i nt .
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participation in a grassroots project will be discussed as well as the effectiveness of community

participation in the success of local initiatives.

2.3.3. Community Participation as Keys to Success

Oneofthekeygsect s that | ed to the initial succe
project was the overwhelming community participation. During the surveying period 170 out of
the 372 households (46% of the village) took part in the project. This large resptrese to
survey all owed an accurate measurement of the
The Ashton Hayesd Carbon Neutral Project,
requires ongoing community participation. There are a number of ideas that have beeagresent
in literature that offer mechanisms to maintain continued community support throughout the
length of community projects. In a 2004 book written by Daniel Burns caledt Works in
Assessing Community Participatidhe key considerations and benchikraols making
community participation effective are discussed in great detail. Burns (2004) found that when
developing a local government initiative, like in Ashton Hayes for example, it was vital to have a
two way information strategy developed and iempénted as a communication todltwo way
communication strategy must foster open, two way communication between the community and
initiative organizers. Burns stated that by implementing a two way information strategy, clear
and accessible informatiomould reach all community members with enough time to be acted
upon. Burns (2004) also postulated that in order for local initiatives to remain effective,
adequate resources must be supplied to the community members and community representatives.
In thecase of Ashton Hayes and Eden Mills, these resources could take the form of community

events, newsletters, emails, and websites that relate directly to the project.
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Local Environmental Sustainability a book written Susan Buckingham and Kate
Theopold in2003. The central concern of this book was to examine the way local government
interacts with society to promote and develop environmental initiatives. According to
Buckinghamet al (2003), failure to nurture, or acting in a contradictory way to thegects
can have detrimental effects on the projects potential to contribute to environmental
sustainability. As an example of this Buckinghatal. (2003) described a situation in one
London borough where local government supported local initiativessagdimate change,
while simultaneously sold land to developers that directly increased the amount of traffic in the
village. According to Buckinghart al. (2003), this type of local government behavior impedes
the potential of this climate change @djto contribute to environmental sustainability by
increasing traffic and thus, greenhouse gas emissions. The success and sustainability of the

Ashton Hayesd6 project wildl be discussed in th

2.3.4. Ashton Hayes Today

It is now 2008, attle over two years since the Ashton Hayes Caltbeutral project was
launchedDr. Alexander and the University of Chester continue their five year commitment plan
and have been surveying the village annually to measure the progress being made taward thei
goal of Garbon NeutralityAccording to the Ashton Hayes Carbon Neutral official site (Ashton
Hayes Parish Council 2007), the village cut its emissions by 20% in the first yegnehateis
shown as a graphatrepresentation iRigure 1. Figure Shows carbon dioxide emissions in
Ashton Hayes in 2006 and 2007 with respect to home energy consumption, vehicle use, and air
transportation (Asloin Hayes Parish Council, 200As seen inFigure 1 carbon dioxide

emissions saw significant decreasesamong &llr ee of t he aforementi one
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Carbon Footprint, as measured in 2006, was 4765.76 tonnes,oivbi@ the footprint

measured in 2007 was 3854.93 tonnes of (Ghton Hayes Parish Council 2007The factors

Carbon Footprint
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Figure 1.CO2 emissions for the village of Ashton Hayes with respect to home energy u
vehicle useandair transportation during 2006/2007 (Ashton Hayes Parish Council 2007)

leading to this succesgere researched by MSc Ged Edwards. During his study, Edwards

surveyed the households not involved in the 2006 survey and found that 99.4% of households are
engaged in environmentalfyiendly behaviour (EFB) due to the community awareness made by

the locdinitiative (Ashton Hayes Parish Council 2007). Also, 35% of villagers had become

more actively involved in village life through the projedtherefore, launching a local carbon
reduction project helped strengthen bonds within the community while aimsolisly

improving global environmental quality (Ashton Hayes Parish Council 2007). These two points

demonstrate that if local initiatives have proper funding and strategy, they can promote
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environmental sustainability and improve community welfare (Asktayes Parish Council

2007).

2.4. Survey Design

Brace (2004, p1l7) |[dlesigningatuvkeylinyolvesenarny mdktes t ha't
deci sions than most researchers realize. 0 Sur
Going Carbon Neutral projedt is the tool that will be used to collect villagers carbon
information and more importantly, the validity of the results hinge on effective survey response.
Survey design can make the difference between successful or chaotic data collection and
analyss. Survey design takes many steps to complete, such as outlining the objectives,
stakeholder analysis, confidentiality decisions, survey layout and language, survey mediums,

survey organization and addressing information problems.

2.4.1. Presurvey Desig

When undertaking the task of collecting data from a surveyi, it is important to assess the
stakeholders in the survey to better understand how it will be most effectively implemented.
There are a number of different stakeholders in a survey, so it@tanpto meet the needs of
everyone, without compromising the needs of any groups involved. Potentially, there can be up
to five groups involved, starting with the clients. First, the clients will have specific requirements
that need to be fulfilled tonable them to answer their objectives. Second, there are the
interviewers whom call for a survey that is straightforward to administer. Next, the survey

respondents require questions that they are willing and able to answer. Also, the data analysts
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need sweys that streamline the data entry process and that are easily understandable. Finally,
there is the researcher who must meet the needs of all the above groups, while still completing
their objectives (Brace 2004, p8).

Another integral part of prsurvey design is an overview of objectives. This requires that
the researcher has a clear understanding of what the general and specific objectives are of the
client. This understanding must be met at the onset of a-oéisearcher relationship to ensure
thatthe conducted research is indeed what is required (Brace 2004, p10). After reviewing the
clientsd6 objectives the researcher must trans
important in the case of Eden Mills, so that the survey willaifely address the task at hand.
These research objectives will outline the survey design and lead the surveys purpose (Brace
2004, p11). Brace (2004, p12) emphasises that each research objective should not simply be
turned in to a question on the surybyt should be studied to understand the information

requirements. These information requirements are then craftily turned into questions.

2.4.2. Survey Design and Development

There are a large number of considerations that must be made when dessymireyaa
paramount decision that must be made is survey type. Bradburn (1979, p8) outlines four (4)
different types of surveys that are: feoeface, telephone, seffidministered, rd random
response. Alsdhere exists online surveys (Oishi 2003, p3@jich are a type of self
administered survey. Each type has different advantages and disadvantages, so the appropriate
survey must be selected for the research objectives. Survey types have different effects on
responses and must be taken into consiaeralio serve as an example, Bradburn (1979, p9)

reveals that faceo-face interviews lead to more information distortion in responses. Oishi (2003
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p6) explains that faeto-face surveys are advantageous because they allow respondents to ask
guestions andhts can increase the accuracy of data being recorded. Self administered surveys
have more privacy attached to them however, it may not retrieve the same response rates that are
necessary (Bradburn 1979, p15). In the Eden Miben@ Carbon Neutral Proje@number of
survey mediums may be considered to maximize the response rate.

Crafting the questions that are used in the survey is just one component of the overall
success of the survey process. Sykes (1987) outlines a wide range of problems tha can aris
from survey questions. There are problems associated with the vocabulary level being used,
difficulty with the comprehension of concepts being presented, trouble with the question
technique being used, and difficulties with familiarity of issues. In stases, questions may be
asking respondents to recall things they are unable to or do not have access to. The Eden Mills
survey will require individuals to compile information that they may have difficulty compiling,
so thisis importantto keepinmindem compl et i ng the survey proce
can influence respondentsd intrinsic motivati
wording of questions may affect the responden
judgedorg al uated and, consequently, may influence
These problems must be anticipated for and should be addressed while the questions are being
formulated. Many of these problems can be tackled by effective wording, aasviejlout
(Brace 2004, p142).

Survey layout is also very important to an effective survey because it will affect the
responses that are received (Brace 2004, p141). Sykes (1987) claims that survey layout is one of
the least well understood sources of emaresearch that is survey based. With this in mind there

are many decisions that must be made regarding layout, some of which include paper orientation
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and font size. Effective design can minimize the error that Sykes (1987) describes. The effective
useof space is very important, yet overcrowding can have negative effects on the survey process,
from responses and questions to data entry (Brace 2004, 142). The use of bold and italics can
also be very useful for highlighting pertinent information and ucsitons (Brace 2004, p145).
Routeing is an concept related to survey layout that is described in the literature (Akkerboom and
Dehue 1997; Belson 1981,p389; Brace 2004, p148; Oishi 2003, p40). This is a survey design
element that leads the surveyor angboeslent through the questions in a logical manner that
will aid the quality of the responses. This technique is well employed when questions need to be
skipped if answers are dependent upon previous questions (Brace 2004, p149). Brace (2004,
pl149), as wikas Akkerboom and Dehue (1997), warn that this technique should not be overused
or misused because it has potential to become confusing.

Finally, before surveys are fully implemented, they must be tested to determine if there
are going to be any unfomsn problems. Akkerboom and Dehue (1997) provide a five step
survey testing procedure that researchers can implement to maximize the effectiveness of a
survey. The five step procedure involves reviewing the survey with the use of incrementally
larger sam test respondents. This process is used to help modify the survey until the survey
reaches its final form. Belson (1981) describes a detailed question testing process that emerged
from his exhaustive research on respondent response to 29 survey questions hor t , Bel s
(1981) question testing method requires each question to be tested separately, where the
administer reiterates the questions and probes the respondent on how they arrived at answers.
The process also requires a checklist to deternomedach concept in a survey question is

interpreted by the respondent. It is very important that some testing and refinement of the survey
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be done before full implementation of the survey to minimize errors and misunderstandings that

will occur.

2.4.3. Suvey Implementation

Survey implementation is the process whereby the surveys are administered to the
respondents and data collection takes place. There are many considerations that must be
addressed in this part of the survey process. This includes wghesampling, advanced letters,
consent, interview environment, interviewer speech and behaviour, and survey tracking.

Oi s hi (2003, p61) argues that nAthe met hods
should maximize the chance that people whinecessary characteristics can be found and that
enough eligible respondents are interviewed to provide a representative estimate of the views or
experiences of the | arger population. o0 She ar
participation; lage recruitment list must be established to ensure there will be sufficient data
collected. Proper sampling is the first task when a survey is going to be implemented (Oishi
2003, p61).

The use of advance letters, or preliminary letters, is sometimesuh tagdfor the
survey process. An advance letter is a letter that is sent to the respondents about the survey
before the survey is administered. Often the letter would be on official letter head, which creates
validity and importance of participation ind eyes of the respondent. This is a useful attribute
for surveys because it can increase the response rates (Brace 2004, p153). Further, the letter can
be used to secure a time and place that the survey will be administered. Also, the advance letter
informs survey participants of the purpose, goals and objectives of the survey research. The

advance letter can also be used to prepare the respondents for questions that they will have to
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answer. Alternatively, prealls can be used with the same purposepoédetter but are slightly
less formal (Brace 2004, p155; Oishi 2003 p73). Either tool is very useful and can be
implemented depending on the goals and objectives of the survey research.

Gomatanet al (2005) brings attention to the increasing concémppropriate data
dissemination over time and space while still protecting confidentiality of respondents. This is a
problem that must be overcome in survey research and it is often done via informed consent of
the participants. Informed consent can bagg verbally or in a consent form. A consent form
should be given to participants before the survey is administered and should outline what type of
information will be asked of the respondent in the survey so they can make an informed decision
(Oishi 2003 p76). The consent form will notify the respondent of what information will be
reviled about them or if all information will remain confidential (Gomatdral 2005).

Interviewer speech and behaviour is a very important aspect of the survey prosess. It i
important that interviewers are familiar with the survey so it can properly be administered. If the
survey process is easy and smooth for the respondent, there will be better responses. This
requires the interviewer to use an appropriate language tevlef group that is being
interviewed, if the language is too difficult to understand than there will be problems with
responses (Belson, 1981, p189). Senial (1997) concluded that suggestive behaviour and
speech can have effects on responses thaartvely correlated with the suggested behaviour.
Similarly, feedback and probing of respondents will have some positive effect on the responses
that are given because respondents will anticipate the answers that are suggested to be received
(Bradburn ®79, p37). Behaviour of the interviewer can vary and set the tone and mood of the

interview environment which, in some cases may be important to control. In the case of Eden
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Mills the survey will take place in tteommunity Centrén the presence of othegsidents,
thereby fostering a community spirit.

The interview environment can affect the outcome of the survey responses as well, such
as the location of the interview as well as the setting. Interviews in households make respondents
more comfortable tanswer questions; where as interviews in sterile interview rooms create an
unfamiliar environment that can hinder the responses given (Bradburn 1979, p132). Also
interviewing with third parties present can have effects on responses. However, it has been
suggested that if the respondent brings a third party to a survey interview, the responses are not
affected. Similarly, if there are third parties present that the respondent does not know, there is
little affect on the answers given (Bradburn 1979, p13bjhé case where there are third parties
present that the respondent does know, then there may be a tendency for the respondent to distort
answers to questions that are of a personal nature. This is obviously dependent upon the nature of
the questions begnasked; highly personal information will more often be kept secret by the
respondent (Bradburn 1979, p135). The Eden Mill survey will be done in a public place with
other individuals in the room, so this may be taken into consideration while surveying.

Another pertinent consideration to be made in the administration of the survey is the use
of a numbering system to organize interviewers and respondents. The numbers are called
identifier numbers and correspond to a master list of interviewers and restgofithen type of
master list is an easy way to organize individuals in the survey and keep track of the surveys
themselves. This system assigns an identifier number to each respondent and their survey, each
interviewer is given an identifier number thatlso indicated on the survey. This process is well

implemented when anonymity is important, and therefore can increase the accuracy of the
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answers given (Brace 2004, p74). This system allows for the respondent to remain anonymous to

the interviewer, anche data analyst while actirag a useful origination tool.

2.4.4. Information Problems

When conducting a survey there will invariably be problems with the information that is
collected. These problems are then sources of error when synthesizing datietaesults from
the surveys. In some cases, this error could be quite large and in others it could be small, the
degrees of error are a matter of circumstance. There are a number of sources of error in a survey
and it is important that errors be undeost and minimized during the survey process. Some of
the sources of error that can arise are: question misunderstandisrrgsponse errors, coverage
error, sampling error, fAidondt knowoO responses

Question misunderstanding is theshwell understood source of error in a survey. This
source of error is due to the respondents not understanding what is being asked in the question. It
can relate to difficulties with understanding a concept, poor wording and complex language, or
the useof vocabulary that is too advanced for the group. Measuring this error is difficult and it is
suggested that in most cases it may cancel itself out. Misunderstanding can affect both positively
and negatively on the response averages, thereby making the eberror moot (Belson 1980,
p189). Bradburn (1979, p158) argues that the vocabularies of individuals vary greatly among
similar groups of people, so it is important to keep the wording of questions simple and easy to
understand thereby minimizing quest misunderstanding.

Another source of error is survagnrespondentsThese are classified as individuals of
the population that are not included in the survey because they refuse to participate (Groves

1987, Sjostronet al 2008). This becomes a soundeerror when many individuals do not
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participate because there is an underrepresentation of data in the survey results (Groves 1987).
This underrepresentation then leads to bias in the results. However, this can be accounted for by
weighting the underpresented groups more heavily in the final results, although this requires
that the surveyors know to what degree those individuals are underrepresented (Groves 1987).
Sjostromet al (2008) point out that neresponse rates in surveys have increasednopdrcent
in the last decade but this increase is thought to not increase bias in survey results. Coverage
errorisrelatedtonen esponse error and is described as 0
survey results and the results of a full enumeratfdhepopulation under study which arises
because some members of the population are no
This may be important in Eden Mills because individuals from a particular part of the village
may be uninterested in paipating, as a hypothetical example, the individuals that commute to
Toronto daily may return home too late to participate in the survey. Coverage error is somewhat
different from norresponse error but can create the same bias in results. On the other hand
sampling error is a deliberate exclusion of individuals from participation in a survey, which
makes errors nerandom and will create some bias in the survey results. In Eden Mills there are
some individuals that live outside the village border, ydtwgtiht to partake in the survey.

There is some debate about what effect ndo
(Brace 2004, Francis 1975, Groves 1987). A id
respondent does not know how to answer. Ehikought to be a result of complexity of the

guestion or of respondent confusion (Brace 2004, Francis 1975). Survey analysts have difficulty

managing doné6ét know responses, but it is thou
and shouldbeméni oned in results, if not included (Br
low-educated, lowncome,non nvol ved respondents with | ow po
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hi gher proportion of Adondét knowo atoesamppenses.
Adondt knowoO responses are not random and t he
considered in survey analysis (Francis 1975).

Another major source of error is incorrect responses to questions, which has largely been
unstudied (Sjstromet al 2008). This can be a result of miswriting a response, a lie, or an honest
mi stake, such as a respondenetal2oéBpcanduttgdia t he w
survey that involved asking respondents simple personal questions (iasttime they visited
the dentist or their social insurance number) and found that there was about a ten percent
discrepancy between responses received and the correct answers. This type of error must be
acknowledged when analysing survey results andutating generalizations about a population.

Survey design and analysis is a complex process that must account for many variables
throughout the process. The success of survey research is largely dependent upon the preparation
and thoughtful decisions thare made by a survey researcher before and after the surveys are
conducted. As it has been briefly outlined in the above sections, there are a number of
considerations that must be addressed, including the outlining of the objectives, stakeholder
analyss, confidentiality decisions, survey layout and language, survey mediums, survey
organization and information problems. If these topics are addressed and accounted for then

there is a greater chance at a successful survey, and strong results.
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2.5. Effective Feedback Formation

2.51. Constructing a Participant Feedback Medium

One aspect of the Eden Mills Going Carbon Neutral project, is the survey participants
receive feedback related to their Carbon Dioxide footprint. As the survey will be repeated
annually it is very important to keep residents updated on their progress, as a town, towards their
goal of Carbon Neutrality. Writing the most effective feedback medium is of paramount
importance as the project solely rests on public participation, ghiznel by failing to provide
feedback could result in less participation in following years.

Preparing this information in the form of a brochure presents some obstacles. Climate
change is a topic which most have heard abhdutauseumEven the jargonsed to describe it
may be common to most readers. The main problem within communicating climate change
information is that there are only few certain facts, more probable effects and mainly unknown
open questions (Smith 2000). Also the average readinlg deael is Grade 8 for the general
population so vocabulary and grammar may pose a limitation as well (Monroe 2007).

There are many brochures targeted on the avoidance of certain behaviors. In the medical
field, many brochures are present to raise avem®and provide information. Recently, more
brochures promoting awareness towards environmental issues have been produced.
Environmental issues are more difficult to convey then health related brochures as they affect
oneds | ife dir eueddoyotalways goithe samen@heh ihdomes ® s

influencing behavior an effective message is important.
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The two important aspects of creating the brochure are the formation of the message and
the assembly of the message. Images, text, layout and evesf fygeer are qualities that must

be considered to maximizke influence of the brochure.

2.5.2 Message Formation

Many people feel that the environment is of great importance, but their actions do not
always reflect this belief. This is not just commorsmall towns but all over the world. In
England, it is referred to as fAtalking greeno

According to Stutmaset al.(1984), it is beliefs that results in behavior, therefore beliefs
are to be targeted in orderdreate the most persuasive argument. There are certain strategies to
create a persuasive argument, such as supplying the reader with new information to establish a
new belief (Stutman 1984). This new belief is their motivation to change their behavimg Tel
the reader how much money they will save on their bill by switching to low energy light bulbs
will accomplish this change in behaviour. With the new information the belief that the old light
bulbs were satisfactory has changed; motivated by monetaings, inefficient light bulbs will
be replaced.

Another method is to challenge the old beliefs that are inhibiting the new behavior
(Stutman 1984). Attacking the argument of @A Wh
the likelihood of adoptingie belief that they can help. This is the belief to reinforce.

Changing the evaluation of a belief is the final persuasive technique (Stutman 1984). This
means that the belief is present initially but portrayed it in a way so the reader experienges it in
different light. This would be applied to the idea of not changing behavior and waiting for

someone else to step in and regulate carbon dioxide emissions. This inaction will be portrayed as
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a negative belief so that action becomes the positive belrabrié people adopt this belief then
more people will likely take the suggestions offered to be proactive.

When describing the effects of climate change there are two frames that the messages are
in. Either a gaiframed message or a lefamed message. @aframe refers to the benefits of
performing a certain behavior, and ldssme as the costs of not performing the behavior
(Rothmaret al 1999). The problem with logsamed messages is that any losses that may occur
will not be visibleto the generalyblic. Climate ©iange affects such a large scale that it is very
difficult to look at a negative impact and attribute it solely to global warming. Without a
reasonable measure of uncertainty or risk to the person exhibiting the behawtgriess
messags are ineffective (Rothmaat al 1999). Since the villagers cannot see direct effects from
excess carbon dioxide emissions, a4mamed message would not be effective. A gaamed
message is optimal for the situation because it will be more persu@biese gains are
measurable whereas the losses are not. Also if the participant perceives the behaviour to have a
relatively constant outcome, gairame messages are more persuasive (Rotl@inain1999).

Environmental issues in mainstream media are&fy written with a negative tone.

About one in five environmental stories have a positive tone leaving the remaining four written
in a negative tone. (Hansen 1993). This negative tone towards environmental issues affects the
perception of the article.deusing on gakiramed messages which present a positive tone

resulting from environmental action should be stressed as a change from current media trends.
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2.5.3 Layout Formation

For the physical creation and layout in an article by Mass (1980piayer principles
were developed that could be used for any good brochure. The five major principles are
objective, target audience, benefit, support, tone and manner, and should all be addressed while
creating the feedback brochure (Massl 1980).

When producing the brochure, consideration must be given to every fine detail. The
amount of brochures will limit the cost and quality of paper used. The material of the brochure
might be made of recycled paper which could be noted somewhere on the fingkprod
Attention to detail is paramount because spelling mistakes and an unprofessional look is
unacceptable (Monroet al.2007). The orientation, layout and even font have to be selected to
maximize an effective look to encourage readers to pick it upeaatiits contents. The colour
for instance could be green; tying the colour to the purpose of the project may have an effective
subliminal impact as opposed to choosing another bright colour or going with none at all. Green
is linked to ideas of the envinment and nature. Using proper design elements maximize the
chances of our participants taking the time to read and internalize the information provided to
them.

Striving to create the most effective brochure by maximizing the message and design
allows thebest chance for action, which is the purpose of such literature. The brochure should be
worthy for a reader to put up on their fridge, so that it is readily accessible, and they should feel
that it is useful. Following the above suggestions will enswdtbchure created will be

effective.
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3.0. Methods

3.1. Carbon Survey and Calculator Development

The development of an accurate and flexible carbon survey and calculator was the focus
of our work for the Eden Mi tstithss@ppéaedtblemnedsyut r a
task, it quickly became apparent that the development of such a carbon survey and calculator was
quite complex. The first obstacle we faced early on was the lack of literature available on the
subject. As a result there are current guidelines for the development of carbon surveys and
their associated calculators (Padgetal 2007). The majority of carbon calculators today are
only available on the internet and because there are no guidelines for these calculatars there
wide ranges of types, all of whiclegerate varying estimates o€arbon Footprint (Padgeét
al. 2007).A Carbon Footprint is the sum of G@missions from a person or household resulting
from the data inputted by an individual into the carbon sur&aswers to most survey questions
are associated with a G@oefficient and an algorithm that together, generates the amount of
CO, emitted from each activity. Carbon calculators available on the internet have shown a wide
variety in the nature and typé survey questions asked which has resulted in varying estimates
of a Carbon Footprint. This phenomenon will be explored in a-ca@sslator comparison
further along in this report.

In order to develop the carbon survey and associated calculatoe faldge of Eden
Mills we first investigated the type of carbon surveys and calculators that exist and the general
guestions asked by them. In using carbon surveys and calculators available on the internet we
discovered that there are three types of Qadadculators. The first type is an additive calculator

that calculates C£emissions from each activity and then sums them in order to produce a
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cumulative Carbon FootprinfThe Safe Climate Calculator is an example of this type. The
second type is a stractive calculator that begins by generating an immediate Carbon Footprint
based on a national average. The nature of the carbon survey is to ask questions which either add
to the Carbon Footprint or subtract from it. The Nature Conservancy uses thas. foha third
type is a combination that has both additive and subtractive properties but does not use a national
average. The Zerofootprint calculator uses this format.

The second step in our investigation involved an examinafitime type of queésns
asked in carbon surveys. general we noted that carbon surveys are broken into 4 categories;
household, flight travel, personal vehicle transportation and public transportation. While
guestions concerning flight travel, vehicle travel, and public tamteiion were generally
similar among carbon surveys, household oriented questions showed a wide variety of types.
These ranged from vague estimations of electricity, heating fuel use to specific questions on food
packaging, paper use, and pet food. A ¢olnparison of questions asked among surveys is also
explored in our crossalculator comparison later in this report.

In November 2007 after a primary inspection of carbon calculators and discussions with
our client we decided to use the carbon survem#b provided by Zerofootprint (2007). Initially
it was thought that Zerofootprint would construct the survey for Eden Mills, but that plan fell
through and our group ended up picking up that responsibility. In the case of Eden Mills it was
important to us a calculator with an additive component because the aim was to calculate
accurate C@emissions for households. Subtractive calculators generally ask questions
concerning behaviours and dono6ét inclutde el ect
travel, vehicle use, and publ isbletocaculadepmor t at i o

accurateCarbon Fotprint using the subtractive approach.
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We developed the first trial carbon sundgymodifying the Zerofootprint Calculator
shortly afte our primary review otarbon calculators (See Appendix D). Our objective was to
extract survey questions from the Zerofootprint Calculator that we felt were relevant to Eden
Mills and to delineate the metrics used to calculate €flssions in order touild a custom
calculator. Further, based on the fact that Eden Mills was following the Carbon Neutral initiative
in Ashton Hayes we also extracted questions f
These questions revolved around behaviour so teatowld identify if individuals in a
household were already taking steps to reduce their Carbon Faoipigtnformation was also
collected in order to customize survey feedback that each household was to receivegollowin
completion of their surveyJnfortunately, this trial survey was rejected by our client on the basis
that it did not coll ect enoCagbonFRootpghidr mati on t o
For home electricity and heating fuel use we had asked in the survey (based on the
Zerofootprint @proach) for households to report on their average annual spending. This
methodology was rejected on the basis that prices fluctuated throughout the year and that it
would be more accurate andngile to report actual annual kVéind propane and heating ogde.
We were also told that many residents in Eden Mills still use wood stoves and fireplaces to heat
their homes and our original survey did not capture this data either. Furthermore, it was also
somewhat controversial to collect electricity and enepgnding in the event that surveyed
individuals were not comfortable reporting such information.
Our vehicle information was also flawed in that it calculated @®issions based on
vehiclemanuf acturer 6s fuel ef f i cicelated gnd @epodedlbyot ac't
the vehicle user (See Appendix A). The client reasoinathe fuel efficiency claimed by the

manufacturer was likely an ovestimation and that it did not account for the deterioration of a
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vehicle that occurs with age, nor dideflect driving behaviour such asaintaining correct tire
pressure and keeping diters clean (Energy Commissi@®05) In addition the original survey
did not include a section based on public transportation.

At the time of receiving our clientsalrd complaints concerning our original survey we
were only a few days away from our scheduled trial survey date in early December 2007. It was
decided that the trial would still go ahead with the original survey, which gave us practice
surveying communitynembers. Also on this date a meeting tevaluate our survey was
scheduled with our client, Charles Simon, his advisor Richard Lay of Enermodal Engineering
Ltd. and the carbon survey project assistant Brenda Taylor. The outcome of the meeting was to
recreate our survey with more exact metrics in
carbon calculator. In addition, we eliminated the questions on behaviour in order to streamline
our attention on calculating the an Footprint of the villageAs a resultindividuals surveyed
are now to receive a feedback form that provides them with an account of their household
Carbon Footprint and general shtetm and longerm energy saving practices as opposed to

household specific practices.

3.2. Devdopment of a New Carbon Survey and Calculator

Early in January 2008 the new survey was developed based on the recommendations and
requests from our client and his advisors. The new survey captateesn household energy
use, flight travel, personal vedhe transportation, and public transportation (See Appendix B).
CO, coefficients were derived from the available literature as discussed earlier in this report.
Ulti mately we chose the coefficients from Env

theyjustify their deviations from the IPCC methodology, and the IPCC (2006) methodology
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itself recommends using local data as much as possible. Canadian coefficients include the added
bonus of including CO emissions in the L0efficient.Our carbon calculatavoided the use
of American coefficients but a lack of informatioancerningvood CQ emissiors lead us to
use the American coefficient of 3812 Ibs £@r short torof wood (EIA 2008). CQreleased
varies significantly on the speciestoée being comisted. Therefordpr an accurate
coefficient, two assumptions were made which were validated by Richard Lay. The first
assumption was that most firewood is hardwood and secondly maple, oak and birch act as good
indicators of a typical wood pile. The avgeaweight of a cord of these three species were then
averaged together in order to create the cord weight for thei@iSsion coefficient (DeWalet
al 2005).In regards to personal transportation some surveys did not have personal fuel economy
information available and in those cases we used the make, model and year of production for
their car. All fuel efficiencies from makes and models were retrieved from the U.S. Department
of Energy and then converted to km/L units.

We decided t o matriesfd publiotranspartggioniamd flighstrayBee
Table 1).The decision to use Zerofootprints metrics for public transportation was based on the
fact that they haverell sourced material explaining how they logically derived the emissions for
public transportation (See Appendix Alight travel was one section that did change although
this was not at the request of our client. Unfortunafetyn December 2007 to January 2008
Zerofootprint updated their calculator. Consequently their specificoseati flight travel, which
previously calculated emissions based on city to city destinations, was downgraded to an average
estimation based on hours spent during flight travel. Nevertheless, because we were now
developing a bespoke carbon survey and taticufor Eden Mills it would have been an

overwhelming task to collect data for each city to city flight travel for our Excel based carbon
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calculator. Therefore, we settled on using the estimatece@@sions for flight travel in hours
based on the mets used by Zerofootprint although we do recognize that the accuracy of this

calculation could be improved. We also decided to calculate household energy emissions solely

based on electricity or other home energy sources.

Table 1.Metrics of the Carbon Calculator.

Survey Parameters

CO2 Coefficierts Used

Source

Electricity

Heating QOil

Propane

Wood

Wood Pellets

Short Haul Flights< 1.5hours or Okm 567km

Medium Haul Flights 1.5 3.0 hours or 568km1991km

Long Haul Flights 3.0 5.0 hours or 1992km to 3117km
Extended Long Haul Flights > 5.0 hours or > 3117km
Vehicle gasoline consumption

Vehicle diesel consumption

Streetcar, Light Rapid Transport, Subway

Public Bus (e.g.TTC, Guelph Transit Bus)

Intercity Train (e.g. Via rail)

Commuter Train (e.g. Go Train)

Intercity Bus (e.g. Go Bus, Greyhound)

0.222 kg CO2/kwH
2.83 kg CO2/L
1.51 kg CO2/L
2653 kg CO2/cord
17.04 kg CO2/kg wood
240kg CO2/flight
440kg CO2/flight
1230kg CO2/flight
2460kg CO2/flight
2.36kg CO2/L
2.73kg CO2/L
9.97lg CO2/passenger/km
0.186kg CO2/passenger/kn
0.1033kg CO2/passenger/k
0.1025kg CO2/paenger/km

0.0485kg CO2/passenger/k

Env. Canada (2007)
Env. Canada (2007)
Env. Canada (2007)

EIA (2005)

EIA (2005)
Zerofootprint (2007)
Zerofootprint (2007)
Zerofootprint (2007)
Zerofootprint (2007)
Env. Canada (2007)
Env. Canada (2007)
Zerofootprint (2007)
Zerofootprint (2007)
Zerofootprint (2007)
Zerofootprint (2007)
Zerofootprint (2007)

We did not include questions based on diet, food packing and source, waste, recycling,
compost, water use, paper use, pets, recreatiehale use, lawnmowers, or clothing because it
was felt among all parties that the level of estimation in these calculations was too great and
would introduce error into this surve§lthough these inputs certainly contribute to an
i ndi vi du a lotpret, tieacomplexiy offderiving an accurate QX0efficient for these
actions was beyond the scope of this project. This factor demonstrates the improbable likelihood

that the calculation of any Carbon Footprint is truly complete.
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3.3. Administration of the Carbon Survey

The carbon survey took place on Januafy &6d January 312008in the Eden Mills
Community CentreAppointment times were arranged by Linda Melnick and additional time
slots were made available for dropsurvey participants. Thearbon survey was emailed to
village residents on January™8008 in order to allow participants sufficient time to collect the
necessary information for the survey. On the survey day most residents arrived with their survey
already completed. Particip@rwere assigned a survey number by Linda Melnick or Brenda
Taylor that corresponded with a master list of all survey participants. This was done in order to
protect the confidentiality of survey responses in the event that a survey form was seen by
someoe other than our University of Guelph student surveyor group.

Following the assignment of a survey number, participants were instructed to discuss
their completed survey with one of our student surveyors. During this process we were able to
identify and tarify mistakes made in the survey in addition to collecting any missing
information. This also provided the opportunity to discuss the overall project with survey
participants and answer any questions they may have had. Participants who were unabig to att
the survey dates forwarded their completed surveys either to Linda Melnick or directly to our

student survey group:atarbon.neutral2008 @gmail.com

3.4. Carbon Survey Followup

Following the colledbn of completed carbon surveys there still remained a number of
surveys thatrequired followmps 6. Many of the surveys retrieve

information on either household energy use (participants were unable to collect information on
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theirenergy use) or personal transportation (participants were unable to calculate their fuel
efficiency and/or annual km driven). As a result our survey group had to retrieve this
information. Surveys with missing information were identified and follgmenails were sent

via thecarbon.neutral2008 @gmail.ccecount to collect this information. Phone calls were also
made in the event the participants did not provide an email address. Unfortunately, the retrieval
of the missing information proved to be mor#idult than initially thought and consequently
reduced the number of surveys available for

These survey collection statistics were summarized in the results section.

3.5. Eden Mills Carbon Fodprint Cal culation

This calculation involved the use of data collected from fully completed surveys. This
survey data was inputted into our carbon calculator that was developed in Excel (B€\MCD
included with this report). Once enterdae total Carbon Footptimof the participants surveyed
was computed as the sum of each total Carbon Footprint per surveyed household. The mean
household Carbon Footprint was then derived by dividing the total calculated Carbon Footprint
by the number of successfully completed $ehold surveys (n=61). This mean household
Carbon Footprint was then multiplied by the total number of households in Eden Mills (n =163)
to calculate the total household Carbon Footprint of the village. This value was added to the
Carbon Footprint of theden Mills Community Centre and Edgewood Camp (as calculated by

our survey group using annual energy use) to obtain the overall Carbon Footprint of Eden Mills.
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3.6. Results and Recommendations for Eden Mills Survey Participants

Household Carbon Footptiresults and the total Carbon Footprint of Eden Mills was
sent via email or regular mail to participating households. These results were returned in the
form of an educational brochure that describes the two Carbon Footprints and provides residents
with general recommendations on how they may reduoéfset their Carbon Footprints (see
Appendix C). It is hoped that residents will make use of these recommendatiwdsr to
reduce the Carbon Footprint of the village thus lessening the burden of eanlssions to be

sequestered in future tree planting operations.

3.7. Formation of a Feedback Medium

A feedback medium was developed per request from our client in order to communicate
the results of each i ndi included wds drseintredaction@ar t i ci
thesurveyprocessthe topic & Carbon Neutrality in general, househoés$ults and general tips
for CO, reduction. A brochure was created for physical delivery such as mailing or available for
pick up. The brochure has mageneral feedback without personal information attached.

Emailing a brochure to participants may not be as successful as it requires time to print and
assemble. The benefit of creating a brochure is that it can be mailed or handed out to villagers
who didnot participate in the initial survey. This may result in their participation next year, or
they might have interest in the results of their Village even if they do not participate. The entire
project is not geared solely towards the survey pasantgpneo towards alienating the nen

participants. Delivery of this media may help illustrate that fact. The newsletter is a computer
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friendly version and will incorporate individual feedback, and is the primary medium we will be
delivering. Both forms of our feédck are includeth Appendix C.

Initially the feedback was to contain individualized recommendations that the specific
participant could enact to lower their g@mission but eventually after consultation with
Richard Lay, the carbon survey advisor, isvaieemed that individual recommendations should
be conductethy outside professional sourcdhese sources could include energy and home
auditor systems that have expertise and stringent inventories developed to analyze the mitigation
of CO; emissions. A a result, our recommendations were limited to universally accepted
actions for reducing C£emissions.

The newsletter contains a perso@arbon Botprint, as well as the tot@larbon
Footprint for the village of Eden Mills compared to various other trasof interest (Canada,

U.K, US, Zimbabwe) and recommendations on how to reduce emissions. Zimbabwe was
included in order for the participant to conceptualize the difference between Carbon Foortprints
of developing and developed countries.

The headig for the feedback mediums utilized the Eden Mills Going Carbon Neutral
logo in order to ensure recipients that the brochure is supported by the initiative. This was an
important aspect because it will also give a professional appearance which will lyogieful
residents from simply disregarding it entirely. The purpose of our involvement in the project and
results which ensued is clearly outlined in theadtrction of the feedback forallowing readers
to understand the contents of the brochure.

Duringthe media creation wiecused orthe sevenmajor principles oaisuccessful
brochure; design, objective, target audience, benefit, support, tone and manner (Mass et al.,

1980). Our objective was to create a readable and enjoyable media format that jrstindsd
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results (individual aa village wide) as well agniversally accepted CQ@eduction strategies.
The target audience was the entire Village of Eden Mills which had to be considered as a
generalized population. The demographic population variethtazi to be able to target one
group specifically so the only limitation we strived for was a Grade 8 reading level (Monroe
2007). Our recommendations section allowed for the recipient to learn about the benefits from
this brochure. Recommendations weredubat would ultimately save our recipient money in
the long run which is a tangible benefit. The tone and manner was a very positive one. We
wanted to move away from constant fidoom and
would benefit us in the @ run. To promote change we had to present the idea that it would be
feasible and beneficial to the recipient.

The colourgreen was used in figures alogos in order to create an environmental
atmosphere. Through our research it became apparent ith&tagae messages should be used
in our media in order to emphasis the benefits of following each suggestion (Rothman et al.,
1999). Using gain frame messages will likely increase the probability that readers will act on our
recommendations; for example @rha readeknows that they can save $$@0a year by fixing
leaks in a hot water heater they are more likely to act.

We felt that it was important to stress action on behalf of the participant whether they are
above or bel ow t hyéootprimt.lThisawgl stiinslateahe belieh thae actidrOcan
be taken to reduce G@missions, regardless of how far or below the €fissions average the
recipient is, reductions should still be strived for (Stutman, 1984). In the case that there are any
guestons, an email address was included at the end of the brochure if a reader wants to make

inquiries.
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4.0. Results

4.1. Participation Rate

There are 163 households in Eden Mills, Ontario. During our survey 80 households
participated, which constitute® g$ercent of the households in Eden Mills. Of the 80 surveys
completed during the interview process, only 610f these surveys had all the information needed
and were used t o Cdarbon Eootprinthherefdre) whenvcaldulbtiagythee 6 s
CarbonFootprint of the village, the participation rate was 37 perdéigure 2represents
participation rates of Eden Mills. Households that chose not to participate in the survey
accounted for 51 percent of the total. 12 percent of the households in Edendvidisumweyed,

but had incomplete information and thus, could not be used to determi@artien Footprint

Particiation Rate

Surveyed
Households
Incomplete
Information

Non
Participating

Households 129%
51% Completed

Surveys
37%

Figure2.Eden Mi Il I s6 Car bon Neutral Surve
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The residual 37 percent of households had complete information andseeréo calculate Eden

Mi | | sO6 oQarintbon F

4.2. Emissions from Suveyed Households

The results for the individual as well as total sources of household emissions for the
surveyed households are presentedrigure 3 Of the 61 surveys used for determining the
Carbon Footprinttotal carbon emission was calculated td.683.86 tonnes of COThe largest
contributor to total emissions is home energy consumption, which included household heating,
general electric appliance use, and water heating accounted for 597.22 tonnes@ArGan
emissions contributed from persbtransportation (i.e. vehicle use) was calculated to be 580.51
tonnes. Public transportation was responsible for 21.31 tonnes,pfM@@h is the smallest

proportion of all sources measured. Emissions from air travel were determined to be 495.54

tonnes 6CO..

Surveyed Households Total Emissions by Source
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1200
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600 |
400 ] i
= . -
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Carbon Emissions (t)

Emission Source

Figure 3. Carbon Footprint by emission source for surveyed households.
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4.3. Projected Emissions for Eden Mills

The projected emissions were calculated from the surveyed information and represent the
total emission for all households in Eden Mills. These reanétglisplayed ifrigure 4below.
The projected totadmissions for the village of Eden Mills was found to be 4607.92 tonnes of
CO.. Home energy consumption for the entire village was projected to be 1595.85 tonnes of
CQO.. Similarly, personal transportation, public transportation, and air travel accounted for

1551.19 tonnes, 56.95 tonnes, and 1324.14 tonnes ofeSQectively.

Eden Mills Total Projected Carbon Footprint
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-
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Home Energy  Personal Trans Public Trans Air Travel Total

Projected Village
Total 4607.9

CO2 Emissions (t)

Figure 4. Carbon Footprint for Eden Mills extrabéd from survey results.

In conjunction withFigure 4, Figure Bepresentshe sources of emissions and their
contribution to the total projecteédiarbon Footprinof Eden Mills. Of the projected footprint,
home energy comsnption contributes 35.2% the total, followed by persohi@ansportation at
34.3% The proportion of the total project€hrbon Footprinattributalte to air travel is 29.2%
Lastly, public transportation was calculatedoe responsiklfor 1.3%of the total projected

Carbon Footprinof Eden Mills.
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Eden Mills' Emissions by Source

Air Travel

o Home Energy
ek 35.2%

Personal

Public Trans Transportaion
1.3% 34.3%

Figure 5. Percemageof Total Household Carbon Emissions by Source.

4.4. Emissions Per Capita

Total CQ, per capita emissions were also calculated and compared to the national
average as well asnumber of other countries igure 6.The per capitamissions for Eden
Mills were calculated to be 10.4 tonnes of C@ccording to the World Bank (2004) Canada,
the US, the UK and Zimbabwe had per capita emissions of 17.9, 19.9, 9.4 and 0.9 tonnes of CO
respectively. Carbonfootprint.co(@008) claimghe per capita emissions of Canada is 9.1 tonnes

of CO..
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Figure 6. Comparison of per capita emissions against Carbonfootprint.com (2008) a
World Bank (2004).

4.5. Summary Results and Statistics

A summary of the results presented in the figures above along with a suofmary
statistics is displayed ihable 2below. The mean C{emissions per household, with respect to
home energy consumption, were calculated to be 9.79 tonnes with a standard deviation of 5.37
tonnes. Personal transportation, public transportation, and air travel had respective mean CO
emissions equal to 9.52 tos) 0.35 tonnes, and 8.12 tonnes, with standard deviations equal to
5.37 tonnes, 6.13 tonnes, and 1.32 tonnes. The mean househ@t{S§lons were 27.78

tonnes with a standard deviation of 14.89 tonnes.
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Table2.Summary of Eden Mill sdé Carbon
- Total Total
Mean CO, Emissions (f) CO, Emissions (t)| CO, Emissions (t)
per household .
Surveyed Projected
n = households | M€a" + Standard n=61 n=163
deviation
Home Energy 9.79 +£5.37 597.22 1595.85
Personal 9.52 +/6.13 580.51 1551.19
Transport
Public Transit 0.35 +/1.32 21.31 56.95
Air Trav el 8.12 +/11.48 495.54 1324.14
Total 27.78 +£ 14.89 1694.58 4607.92

Footp
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5.0. Discussion

Mean CQ emissions presented in the results section were accompanied by large standard
deviations. The large standard deviations imply a large sprehd obllected data values. This
was observed throughout the survey analysis, where there was a large, discernible range of CO
emissions from different respondents regarding home energy use. Some households would
consumehree or four times more energw filowatt hours per year) than their neighbours. This
obviously is partially dependent on the size and overall efficiency of the homes but also reflects
differences in energy use habits. This wide range of data vales could also be attributed to error in
calculation of energy use, which proved to be a difficult task, especially if households did not
have a complete set of hydro records. Similarly, large standard deviations observed for personal
transportation and air travel could be explained by varyingdtmld needs, lifestyles, and
career obligations. In the case of public transportation, some of the surveyed households used
public transportation regaitly while others did nofThis accounted for the substantial range of
observed data values.

Public trarsportation emissions are noticeably lower compared to the other emission
sources in Eden Mills. This is due to the fact that some of the households surveyed only use
public transportation once or twice a year when they travel to Toronto and consideradbtire
emissions from that source negligible. Some respondents were also confused with respect to
whether they should include school bus use as part of their emissions. A few reasons for the
confusion was that respondents did not know the time theirehikpent on the school bus, or
they believed that the emissions were negligible or did not consider the school bus to be public
transportation. Furthermore, many households did not include public transportation in their

surveys because they were unablestall the extent of their trips. This was expected because
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Eden Mills does not have a public transit system and must depend upon personal transportation
use (i.e. private vehicle). Perhaps Eden Mills can initiate carpooling and approach neighbouring
trarsit systems for an extension route to the village. One suggestion by the village was to operate
a bus service to and from Eden Mills to Guelph twice a day. This would allow residents who
worked in Guelph to take public transportation to work.

The overallparticipation rate of Eden Mills in the survey was much better then expected.
The original goal was to survey at lea88@ of the village; surprisingliitial participation
consistedf 80 households, which is approximately 49.1%. Unfortunately not tileof
households had fully completed the surveys; the most frequently observed missing information
was fuel efficiency, annual mileage of vehicles, and home energy use. As a result only 61
surveys had sufficient information to be included in the footpf@tof these surveys contained
all necessary information after the initial appointment at the Community Centre. This meant that
31 households needed to be contacted in order to receive complete information; a total of 27
houses were contacted either by droatelephone (3 houses were excluded because they were
involved in the preliminary survey and 1 was missed due to human error). From the 27 houses
we contacted, 12 replied with the missing information needed to include them in the Carbon
Footprint calcuhtion, totaling 61 complete household surveys. The successful response rate from
the email/telephone contact was 42.9 percent, the remaining 57.1 percent either did not have the
information that was required, or simply did not reply at all. If the 31 ishigd surveys had
been completed then there would have been a response from 49 percent of the village, indicating
that interest in the project was substantial. Overall, a response rate of 37 percent was achieved,

which i s simil ar trateocAd)etcentrandhinarg suscéssfulnidbe p o n s e
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expectations of 20 percent. Hopefully in following years supaatyicipation will increase while
the number of incomplete surveys will decrease.

Thereexisted anumber of alternativenethodgo derivethe vilage Carbon Botprint
from the surveyed information. The method used involved determining the mean household
emissions from completed surveys§1) and then multiplying by the total number of
householdsn(=163). Alternatively the household mean couldédnbeen multiplied by the
number of ursurveyed householda £102) and then added to the sum from completed surveys
(n=61). However this method is inconsistent because it uses both tadicalal estimated
values, wheras the method used in this projectigeed the same average to every household.
This is consistent with Ashton Hayes whom also chose to multiply all the households by the
mean emissions value. It is important however to emphasize that the calculated footprint is only
an estimate of Eden Mdl6 t r ue e m@d nrTsyihunarsactivitees teak also contribute to
CO, emissions could not be accounted for in the survey

Total projected C@emissions were calculated to be 4607.9 tonnes/year. Eden Mills will
have to implement a number of differatitategies in order achieve Carbon Neutrality.
Reduction of emissions should be the first course of action as it is predominantly based on
changing behaviour as opposed to physical processes. Car travel is a major issue in Eden Mills
since the village ilf does not contain any major commercial services. This means that most of
the populace must commute not only to work but also to purchase any food, clothing,
entertainment or any other services. Initiatives such as carpooling and communal food delivery
are effective steps towards reducing travel emissions. Achieving large reductions in CO
emissions could be expensive for strategies such as buying more fuel efficient cars or renovating

houses to save energy. In similar fashion, reducing flights couldryedifficult for households
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which need to travel for work. It is not feasible to expect people to stop traveling by plane to
different work related locations. Increased use of telephone meetings, or internet video
communications could possibly reduce thenber of trips needed. Although air travel is less
frequent than other modes of transportation it is emission intensive and households in Eden Mills
may not yet realize the magnitude of air travel contributions to the total footprint. It is important
thateach household makes an effort to reduce its emissions to help bring the village closer to
Carbon Neutrality. It is not possible to become neutral strictly with emissions reduction; the
village will also have to create some extensive aforestation (semfu@st and offsetting

programs.

Sequestration of Cemissions by aforestation is a complex science due to variations in
soil type, climate, tree species, growing season and management practices. Baral and Guha
(2004) estimate that in temperate regiongei managed forest with long rotation periods can
sequester-2 tonnes of C@per hectare per year (t/halyr). If Eden Mills were to offset all their
emissions through aforestation they would require as much as 2304 ha. It is important to note
however, tlat there is considerable variation in sequestration rates by species and location. For
example Norway spae can sequester 0.83 t/ha/youdlasfir 1.01 t/ha/yr, beech 2.26 t/ha/yr
and pine oak 8 t/ha/year (Masera, 2003). The University of Guelph hadyalreen approached
by Eden Mills to develop strategies for sequestering carbon in a hybrid poplar agroforestry
system which is an entire project in itself beyond the scope of our involvement.

Making comparisons of the results from Eden Mills to othepnat averages reveals a
number of notable differences. For example, @@issions per capita in Canaaareprted by
the World Bank (2004is 17.4 tonnes per capita. The calculated €@issions per capita for

Eden Mills is 10.4 tonnes which is well belahe value recorded by the World Bank. This large
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difference is a result of the method of calculation as well as the inclusion of industry and
business emissions in the World Bank calculation. When computing@@3sions per capita

for Canada, the WorlBank summed the total estimated £#nissions from every source in

Canada and divided it by the total population. Calculation of the Eden Mills per capita emissions
did not include contributions fromfe workplace or industry that households were invoired

which would, to some extent, elucidate the observed difference. Zerofootprint calculated
Canadian C@emissions per capita to be 9.1 tonnes which is also substantially lower than the
World Bank calculation. This is most likely due to the fact Zerofwotgploes not include

industrial emissions in their calculation. In regards to American footprints, the World Bank
(2004) actwually recorded smaller per capita e
which often recorded Canadian per capita sioiss in the 20 tonnes per year range. Again these
differences demonstrate the difficulty in truly determining a Carbon Footprint which has serious
repercussions on trying to become neutral.

There are a number of carbon emission sources that were naleiddtuthe Eden Mills
calculation such as the use of propane for barbeques or recreational carbon emissions, such as
boating, snowmobiling or private aircraft. It should however be noted that this is only the first
step in Eden Mills attempt to become GartNeutral and the carbon calculator developed in this
project can act as a confirmatory step. If the village successfully manages to become neutral
under the derived footprint they could then expand the survey to include some of these other
sources.

Overa | the calcul ation of Eden Mill sd Carbon
learning process. Through extensive research it became apparent that there is a lack of relevant

literature and guidelines which has lead to variability between Carbon Foogldulations.
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The calculator created has been tailored through development to apply specifically to the village
of Eden Mills. This vas beneficial as it allowed more accurate results as opposed to other
calculators such a&erofootprint that are based oargeral attributes. Furéimore the calculator

can act as a template and accommodates the addition of future consideratidata(i

coefficients, emission sources).
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6.0.Recommendations forFuture Surveyors

1. Send out survey in conjuimn with a preletter to participants at least two weeks in advance
of the survey schedule

Sending out a copy of the survey with a-fater will allow participants the time to
gather and organize the information needed to complete the survey prddsdythe pre
letter must include instructions on how to obtain the necessary information if participants do
not have this information at hand. This includes: information on how to acquire energy use
in KWh, and the steps required to calculate fuel iefficy. Also, the terminology and
language used in the survey should be explained in tHetpeeto reduce sources of error
and increase the accuracy of results. Participants should not come to an interview with the
cost of energy, as this will be uralde with respect to the carbon calculator. If participants
receive the pretter and survey, and follow the guidelines correctly, this will decrease the
amount of time spent surveying and the amount of follips neededtobtain complete
information.Well prepared participants will increase the amount of useable surveys, and
thus, the overall efficiency of measuring the carbon footprint.

2. Continued use of the Community Centre for conducting survey interview is crucial as well as
having participants comete the survey at prdetermined appointment interval. It is also
crucial to remember to bring the necessary equipment needed for proper surveying (i.e.
calculators, staplers, and pens).

The Community Centre served as a useful tool in reducing projeespent surveying.
Having multiple interview stations set up at the Community Centre as opposed to going door
to-door is recommended for future surveyors. One crucial aspect of using the Community

Centre for surveying is to have interviews completqar@tietermined appointment

intervals. Using appointments for all participants reduced waiting time and avoided
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disorganization, which would have been experienced otherwise. Also, it is important for

surveyors to come to the interviews prepared withutadors, staplers, and pens, which will

be needed during the survey process.

. To have a better understanding of what needs to be accomplished surveyors must obtain a

clear outline of goals and objectives from Eden Mills. Also, make sure future surveyors

outline their objectives/goals and receive feedback from Eden Mills to ensure a cooperative

relationship with the client. In other words, future surveyors must be in constant

collaboration with the client instead of working independently. A trial surveyldlalso be

completed as early as possible to ensure necessary changes can be made in a timely fashion.
During our groupO6s survey experience, ther

night before trial surveying began. This was a stressfukpsothat could have been easily

avoided had there been more collaboration between our group and the client during the

survey design. Having a thorough understand

obtaining feedback when designing the survey witlginvent situations akin to this in the

future. Also, completing a trial survey as early as possible is important to getting

confirmation from Eden Mills that the survey is sufficient, and that any changes that need to

be made can be done so in a timelias.

. Future surveyors should build upon the current survey to obtain a more complete and
accurate measurement of the Carbon Footprint.

The survey developed in 2007/2008 is by no means complete for measuring the Carbon
Footprint accurately. The calculatased in this survey measures baseline carbon emissions.
Future surveyors should build upon the survey and calculator developed in 2007/2008 to
increase the accuracy of t@arbon Footprinmeasurement. These added features should
include things such asarbon emissions from recreation, external fuel usage (e.g.: bbqg, snow
blowers and lawn mowers, etc), school busses, food and waste emission, as well as a more

accurate measurement of flights and public transportation. If fuel efficiency is not provided
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to surveyors during the interview process, information given to surveyors pertaining to
vehicle model, make, and year should include the type of vehicle transmission to ensure
accurate results. Type of vehicle transmission is an important aspect tdttshouilt

upon because it has direct effects on fuel efficiency. If needed, surveyors should also find
out what kind of wood participants use in home heating because different woods have
different CQ coefficients.

. Survey layout future surveys shodilbe more accommodating to participants. Having
survey identifier numbers in conjunction with a more organized filing process will make
follow-ups more efficient.

The font used in the 2007/2008 survey was too small, questions were too cluttered, and
could have benefited from more space and bigger fields for entering data. Other data field
could also be eliminated altogether, such as the secondary home energy and heating field.
One field for these energy use questions is sufficient. The use of idemtifirgoers on the
survey (also on a master list of participants), along with a master list of what each survey is

missing will make followups much easier as well as provide a more orderly filing system.
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7.0. Conclusion

The calculation oftte Eden Mills Carbon Footprint involved a number of unexpected
deviations from the original proposal. It was important to constantly apply new information
during the development of the project in order to properly tailor the calculator to Eden Mills.
Carba calculators are complex tools atwhtinued study is cruciab developing guidelines and
decreasingariability between available calculatoie Carbon Footprint calculatesia
starting tool for Eden Mills. ile recommendatigrgarnered from the exgences of this project,
will provide amore accuatemeasureent offuture footprints.

Hopefully Eden Mills will successfully achieve Carbon Neutrality and spur similar action
in other communities in Canada and around the world. Global Climate Changerysceamplex
and daunting situation that we are facing and
creating a solution. Since Eden Mills could be the first village in North America to achieve
Carbon Neutrality it will act as a standard for otim#ratives. It is important that those involved
in the initiative have the expertise and knowledge available to answer questions and provide

guidance to others who are willing to reduce their emissions and protect the environment.
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Appendix A:

A Comparison of the Eden
Canadian Internet Carbon Cdiators

Introduction

A crossi carbon calculator comparison of Canadian additive calculators (see
Methodology section for description) was completed following the execution of the carbon
survey in Eden Mills. In retrospect, it would have been useful tptEimthis analysis prior to
the development of the Eden Mills carbon survey and calculator however due to time constraints
we were unable to do so. Nevertheless, the araksilator comparison may prove helpful for
the development of future carbon suryéy be administered in Eden Mills iddition to

improving the understanding of carbon calculators.

Canadian carbon calcul ators available on
calculator were analyzed using similar methods employed by Padget2&0a) in their

comparison of America carbon calculators (See Table 1).

Table 1. Canadian carbocalculators examined.

Carbon Footprint Ltd. http://www.carbonfootprint.com/

Carbon Footprint Offsetters http://www.offsetco2.ca/calculate.htm
Climate Care http://www.climatecare.org

Safe Climate http:// www.safeclimate.net

The Carbon Farmer Inc http://www.thecarbonfarmer.ca/

Tree Canada http://www.tcf  -fca.ca/calculator/
Zerofootprint http://www.zerofootprint.net/about/calculators
Eden Mills' Calculator See Accompanying CD -Rom
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A Comparison of the Eden Mill sd Calcllaors Cal cul

Carbon calcul ators were compared to the EAd
guestions posed and the coefficients used in the calculation of home energy, personal vehicle
transportation, public transportation and flight gleemissions. Carbon Footprints were also
compared by inputting identical data into each carbon calculator. Mean and standard deviation
summary statistics accompanied each comparison. Overall, available carbon calculators showed
a large variance among @gtions posed in the carbon survey, coefficients used, and Carbon
Footprints generated. Furthermore, references and survey methodology were only included in
some carbon surveys and the amount of detail included again varied noticeably. This
demonstrated thoverall lack of guidelines available in the development of carbon calculators

and the need for uniform GQ@oefficients.

Household Emissions

Household carbon survey questions, coefficients and Carbon footprints were compared
among carbon calculators.tAbugh, many calculators included the option of natural gas and
kerosene these parameters were not examined a
carbon survey. Electricity consumption was measured in annual kWh consumed by all carbon
calculatos except for Zerofootprint which collected information on average monthly electricity
bills and converted this to annual kWh consumed. Safe Climate, The Carbon Farmer Inc.,
Carbon Footprint Offsetters and Tree Canada also requested information on pobvasigent
in order to calculate C{emissions based on GCoefficients specific to each province. For the
purposes of comparing calculators to the Eden Mills calculator Ontario was chosen as the
province of residence for all carbon calculators. Inl@&at was demonstrated that the £O
coefficients for kWh varied among carbon calculators, however the Eden Mijlsd@®icient

did fall within one standard deviation of the mean,€&efficient calculated
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Table 2.CO, emissions related to home elédty consumption of examined carbon calculators.

Electricity CO2 emitted for Electricity CO2 emitted for

Conversion 4000 kwh Conversion 4000 kwWh

(kg CO 2/ kWh) (kglyear) (Ib CO 2/ kWh) (Ib/year)
Carbon Footprint Ltd. 0.430 1720.000 0.948 3792.600
Carbon Footprint Offsetters 0.300 1200.000 0.662 2646.000
Climate Care 0.530 2120.000 1.169 4674.600
Safe Climate 0.294 1176.000 0.648 2593.080
The Carbon Farmer Inc 0.170 680.000 0.375 1499.400
Tree Canada 0.304 1216.000 0.670 2681.280
Zerofootprint
Eden Mills' Calculator 0.222 888.000 0.490 1958.040
Mean 0.321 1285.714 0.709 2835.000
Median 0.300 1200.000 0.662 2646.000
Standard Deviation 0.122 488.867 0.269 1077.952
Max 0.530 2120.000 1.169 4674.600
Min 0.170 680.000 0.375 1499.400

Table 3.CO, emissions related to heating oil consumption of examined carbon calculators

Heating Oil CO:2 emitted Heating Oil CO:2 emitted

Conversion for 4000 L Conversion for 4000 gal

(kg CO 2/L) (kglyear) (Ib CO 2/gal) (Ib/year)
Carbon Footprint Ltd. 2.674 10696.000 22.334 89335.909
Carbon Footprint Offsetters 2.830 11320.000 23.637 94547.727
Climate Care 2.690 10760.000 22.468 89870.455
Safe Climate 3.117 12468.000 26.034 104136.136
The Carbon Farmer Inc
Tree Canada 2.830 11320.000 23.637 94547.727
Zerofootprint
Eden Mills' Calculator 2.830 11320.000 23.637 94547.727
Mean 2.829 11314.000 23.624 94497.614
Median 2.830 11320.000 23.637 94547.727
Standard Deviation 0.159 635.714 1.327 5309.660
Max 3.117 12468.000 26.034 104136.1 36
Min 2.674 10696.000 22.334 89335.909
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In comparison to the variance demonstrated among Americand@®icients for kWh in the by
Padgett et al. (2007), the variance among Gefficients used by Canadian carbon calculators

proved to be less by @BRlbs of CQ/gal [0.351-0.269 = 0.082lbs of Cgyal].

Household C@emissions from heating oil were measured in annual litres consumed by
all carbon calculators except for The Carbon
all together (See Tde 3). Zerofootprint did include heating oil in their survey however they
asked for the annual amount of dollars spent on heating oil converting this to annual litres
consumed. The Cfaoefficient for heating oil also varied among carbon calculatorsehemthe
coefficientused i n the Eden Mill 6s Geobffcientfallinggr was cl
within one standard deviation from it. Compared to the variance demonstrated among American
carbon calculator C&xoefficients for heating oil in the sty by Padgett et al. (2007), the
variance among C{xoefficients employed by Canadian carbon calculators proved to be less by

0.673 Ibs of CQ@gal [2.001 1.327 = 0.673 Ibs of Ciyal].

Household C@emissions for propane were also measured in annualdagresumedy all

carbon calculators except fGtimate Gare (See Table 4). Again, Zerofootprint did include

propanean their survey however thagquestedhe annual amount of dollars spent on propane
converting this to annual litreonsumedIn contrasto the previous Cgoefficients for

household energy use the gefficients for propane did not vary as greatly among carbon
calculators, antheCO, coefficientse mp | oy ed i n twltultorivdselose tdtheé | 6 s ¢
mean CQcoefficient fallingwithin one standard deviation fromn Comparedo the variance
demonstratech the study by Padgett et al. (200&nong propane Cfoefficientsused in

American carbon calculators the variance among €@fficients usetby Canadian carbon

calculators prove to be less by 24.903Ibs of @@al [25.60.097=24.903 |bs of C{yal] .
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Table 4. CO, emissions related to propane consumption of examined carbon calculators.

Propane CO2 emitted Propane CO2 emitted
Conversion for 4000 L Conversion for 4000 gal
Ib
(kg C 02/L) (kglyear) COz(/gaI) (Ib/year)
Carbon Footprint Ltd. 1.530 6120.000 12.779 51115.909
Carbon Footprint Offsetters 1.530 6120.000 12.779 51115.909
Climate Care
Safe Climate 1.518 6072.000 12.679 50715.000
The Carbon Farmer Inc 1.520 60 80.000 12.695 50781.818
Tree Canada 1.500 6000.000 12.528 50113.636
Zerofootprint
Eden Mills' Calculator 1.510 6040.000 12.612 50447.727
Mean 1.518 6072.000 12.679 50715.000
Median 1.519 6000.000 12.687 50113.636
Standard Deviation 0.012 46.6 48 0.097 389.614
Max 1.530 6120.000 12.779 51115.909
Min 1.500 6000.000 12.528 50113.636

The variety and type of survey questions posed on household energy consumption was

also investigated in our analysis of Canadian carbon calculators. As cam lise&able 5

some calculators went into great depth in calculating househol@@idsions asking specific

cul

guestions on diet, clothing, waste and recycling, green composting, food packaging, water usage,

and newspaper and magazines.
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Province

100% of

Sources and of Household Housing green Electricity Propane Heating Wood
References Residence Occupancy Type ‘L)J(s)\;vgé in kWh inL oilin L in Cords
Carbon Footprint Ltd. x (vague) X X X X
Carbon Footprint Offsetters X X X X
Climate Care x (vague) X X
Safe Climate X (thorough) X X X X X
The Carbon Farmer Inc X X X
Tree Canada x (vague) X X X X X
Zerofootprint x (thorough) X X X
Eden Mills' Calculator X (thorough) X X X X X
Waste
Wood Diet Clothing and Green Food Water Newspaper
Pellets in kg Emissions Emissions Recycling Compost Packaging Usage Magzr;?nes

Carbo n Footprint Ltd.

Carbon Footprint Offsetters

Climate Care
Safe Climate
The Carbon Farmer Inc
Tree Canada
Zerofootprint

Eden Mills' Calculator

X

X

X

X

Personal Vehicle Emissions

Personal vehicle carbon survey questions; @@fficients and Carbon Footprints were

compared among carbon calculators. Carbon emissions produced from gasoline fuelled vehicles

are summarizd in Table 6 and diesel fuelled vehicles in Table 7. All carbon calculators were

able to calculate emissions using fuel economy (L/100km) or fuel efficiency (L/km), and annual

km driven except for Tree Canada which requests annual fuel consumptiorerafabiprint

cul

which bases the emissions calculation on the annual km driven by the type of vehicle size (small,

medium, large, SUV/Truck, or Hybrid). As seen in Table 7, Carbon Footprint Ltd., Safe Climate

and Zerofootprint did not include a calculationG®, emissions from diesel fuelled vehicles. It

was demonstrated that the £eefficients for gasoline did vary slightly among carbon
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calculators; however, the Eden Mills g€befficient was close to the mean falling within one

standard deviation from it.

Table 6.CO, emissions related to gasoline fuelled personal vehicles.

Calclbators Call

Vehicle CO:2 emitted for Vehicle CO:2 emitted
Use 30,000km driven Use for 18,642miles
Conversion at 11.9km/L Conversion driven at 8.4MP G
(kg CO 2/L) (Kg CO 2/year) (Ib CO 2/gal) (Ib CO 2/year)
Carbon Footprint Ltd. 2.315 5835.000 19.336 42869.591
Carbon Footprint Offsetters 2.729 6880.000 22.793 50536.118
Climate Care 2.321 5850.000 19.386 42980.700
Safe Climate 2.328 5868.000 19.444 43110.327
The Carbon Farmer Inc 2.360 595 0.000 19.711 43702.909
Tree Canada 2.247 5664.000 18.768 41610.355
Zerofootprint
Eden Mills' Calculator 2.360 5949.000 19.711 43702.909
Mean 2.380 5999.429 19.878 44073.273
Median 2.328 5868.000 19.444 43110.327
Standard Deviation 0.158 399.9 05 1.324 2934.806
Max 2.729 6880.000 22.793 50536.118
Min 2.247 5664.000 18.768 41610.355
Table 7.CO, emissions related to diesel fuelled personal vehicles.
Vehicle CO:2 emitted for Vehicle CO:2 emitted
Use 30,000km driven Use for 18642mile s
Conversion at 11.9km/L Conversion driven at 8.4MPG
(kg CO 2/L) (Kg CO 2/year) (Ib CO 2/gal) (Ib CO 2/year)
Carbon Footprint Ltd.
Carbon Footprint Offsetters 3.070 7740.000 25.641 56905.764
Climate Care 2.630 6630.000 21.966 48749.889
Safe Climate
The Carbon Farmer Inc 2.730 6880.000 22.802 50603.497
Tree Canada 1.949 4914.000 16.279 36126.819
Zerofootprint
Eden Mills' Calculator 2.730 6882.000 22.802 50603.497
Mean 2.622 6609.200 21.898 87591.955
Median 2.730 6880.000 22.802 91206.818
Standard Deviation 0.411 1036.894 3.436 13744.753
Max 3.070 7740.000 25.641 102565.909
Min 1.949 4914.000 16.279 65114.318
Appendix A 74




A Comparison of the Eden Mill sdé Calcbawmrs Cal

Compared to the variance observed by Padgett et al. (2007) $sara€fficients for gasoline,

there was a greatt variance of 0.154 Ibs G@al [1.171.324 =- 0.154 Ibs C@gal of gasoline]
observed among Coefficients used by Canadian carbon calculators. We were unable to do a
comparison of C@coefficients for diesel fuel as this parameter was not includéee study by

Padgett et al., (2007).

Table 8.Summary and comparison of carbon survey designs for personal vehicle transportation.

Vehicle Fuel Annual Based on Annual Emissions
make and Efficienc y or fuel vehicle km for
model Economy usage size driven gasoline
Carbon Footprint Ltd. X X X X
Carbon Footprint Offsetters X X X X
Clim ate Care X X X
Safe Climate X X X X
The Carbon Farmer Inc X X X X
Tree Canada X X
Zerofootprint X X
Eden Mills' Calculator X X X X X
Emissions Unlimited Emissions Emissions Emission s
for diesel cars moto rbikes boats Scooters
Carbon Footprint Ltd. X X
Carbon Footprint Offsetters X
Climate Care X X
Safe Climate
The Carbon Farmer Inc X
Tree Canada X X
Zerofootprint X X X
Eden Mills' Calculator X X

Public Transportation

Public Transportation carbon survey questions, &§efficients and Carbon Footprints were
also compared among Canadian carbdoutators. Calculators in this category differed in their

calculation of emissions from public transit using either city to city, km driven or Bparg in
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transit (See Table 9). In order to standardize this category so that a comparison was possible the

Zerofootprint methodology for transit emissions was used.

Table 9. Summary and comparison of carbon survey designs for public transportation.

Public Subway Inter -
Bus or LRT city Inter - Commuter
Transportation Transportation Train city Buses trains

Carbon Footprint Ltd. X X X X
Carbon Footprint Offsetters
Climate Care
Safe Climate
The Carbon Farmer Inc X X X X
Tree Canada X X X
Zerofootprint X X X X X
Eden Mills' Calculator X X X X X

City to Travel Travel Option of

city in in Round

travel kms hours Trip
Carbon Footprint Ltd. X
Carbon Footprint Offsetters
Climate Care
Safe Climate
The Carbon Farmer Inc X
Tree Canada X X X
Zerofootprint X
Eden Mills' Calculator X X

As stated on their website they calculated emissions for street car, subway, LRT, and public bus
using the following formula: Streetcar/Subway/LRT/Public Bus Emission Factor x 32.5km/h x
Hours Traveled. Therefore 3 hawf travel equated to 97.5km and this was used as the basis for
comparison. Although Tree Canada did use a city to city question to calculate emissions for
public transit they also included the option of inputting the kilometres travelled which we took

advantage of in order to complete our comparison. For public transportation by intercity bus
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(Greyhound buses, Go Buses) and intercity train (Via Rail) we also used the Zerofootprint

methodology for transit emissions which is as follows: Intercity Traigwtity Bus Emission

Factor x 100km/h x Hours Traveled. Therefore 3 hours of travel equated to 300km travelled. It

was not possible to compare emissions from Intercity Trains (Go Train) as this category was

only included in the Zerofootprint and Eden Mills c ar b o n

c al

cul ator

Table 10.CO, emissions and Coefficients for Streetcar, Light Rapid Transit, and Subway.

CO2 emitted for CO2 CO2
97.5km or 3hours Coefficient Coefficient
(kg CO 2/year) (kg CO 2/hr) (kg CO 2/hr)
Carbon Footprint Ltd. 6 0.062 2.000
Carbon Footprint Offsetters
Climate Care
Safe Climate
The Carbon Farmer Inc 10 0.103 3.333
Tree Canada
Zerofootprint 10 0.103 3.333
Eden Mills' Calculator 10 0.103 3.333
Mean 9 0.092 3.000
Median 10 0.103 3.333
Standard Dev iation 2 0.021 0.667
Max 10 0.103 3.333
Min 6 0.062 2.000
Table 11.CO;, emissions and Coefficients Public Buses.
CO2 emitted for CO2 CO2
97.5km or 3hours Coefficient Coefficient
(kg CO 2/year) (kg CO 2/hr) (kg CO 2/hr)

Carbon Footprint Ltd. 9 0.092 3.000
Carbon Footprint Offsetters 30
Climate Care
Safe Climate
The Carbon Farmer Inc 20 0.205 6.667
Tree Canada 14.16
Zerofootprint 17.5 0.179 5.833
Eden Mills' Calculator 17.5 0.179 5.833
Mean 18.0267 0.164 5.333
Median 17.5 0.179 5.833
Standard Deviation 6.989 0.049 1.604
Max 30 0.205 6.667
Min 9 0.092 3.000

Appendix A

77

cul



A Comparison

of

t he Eden

Mi | |

S

6 Calcllamors Cal

Table 12.CO, emissions and Coefficients for Intercity Trains (Via Rail).

CO2 emitted for CO2 CO2
300km or 3hours Coefficient Coefficient
(kg CO 2/year) (kg CO 2/hr) (kg CO 2/hr)

Carbon Footprint Ltd. 18.000 0.060 6.000
Carbon Footprint Offsetters 30.000 0.100 10.000
Climate Care
Safe Climate
The Carbon Farmer Inc 40.000 0.133 13.333
Tree Canada 30.990 0.103 10.330
Zerofootprint 30.833 0.103 10.278
Eden Mills' Calcula tor 30.833 0.103 10.278
Mean 30.109 0.100 10.036
Median 30.833 0.103 10.278
Standard Deviation 7.018 0.023 2.339
Max 40.000 0.133 13.333
Min 18.000 0.060 6.000

Table 13.CO, emissions and Coefficients for Intercity Buses (Greyhound Buses, Go Buses).

CO:2 emitted for
300km or  3hours
(kg CO 2/year)

CO2
Coefficient
(kg CO 2/hr)

CO2
Coefficient
(kg CO 2/hr)

Carbon Footprint Ltd.
Carbon Footprint Offsetters
Climate Care

Safe Climate

The Carbon Farmer Inc
Tree Canada
Zerofootprint

Eden Mills' Calculator
Mean

Median

Standard Deviation
Max

Min

20.000

20.000
16.950
15.000
15.000
17.390
17.170

2.512
20.000
15.000

0.067

0.067
0.057
0.050
0.050
0.058
0.057
0.008
0.067
0.050

6.667

6.667
5.650
5.000
5.000
5.797
5.723
0.837
6.667
5.000

Among all categories for public transportation a range of variances fprcGéfficients

were demonstrated however in all cases the coefficients used by Eden Mills fell within one

Appendix A

78

cul



A Comparison

of

t he

Eden

Mi |

s O

Calclbators Call

standard deviation of the mean. A comparison to the study Padgett2€t0al) carbon calculator

analysis could not be performed as they did not include the category of public transportation.

Flight Travel

Flight Travelcarbon survey questions, @€@oefficients and Carbon Footprints were also

compared among Canadian carbaitulators. Calculators in this category differed in their

calculation of emissions from flight travel using either city to city, km flown or hours spent in

flight travel (See Table 14).

Table 14.Summary and comparison of carbon survey designs fot tlighel.

City to Distance For hours Option Number Unlimited
city flight of flight of flight for round of number of
travel travel travel trip passengers flights
Carbon Footprint Ltd. X X
Carbon Footprint Offsetters
Climate Ca re X X X X
Safe Climate X
The Carbon Farmer Inc X X
Tree Canada X X X
Zerofootprint X X
The Eden Millsdé flight travel <coefficients

calculations) were related to theuns spent in flight travel i.e. short haul (< 1.5hours), medium

haul (1.5 3.0 hours), long haul (3105.0 hours), and extended haul (> 5.0 hours). However,

onl

y

t he

Eden

Mi Il séo

car bon

c al

cul

ator

and

CO; emissions. All other calculators investigated employed either city to city travel or distance

of flight travel to calculate C&emissions. In order to standardize and compare the calculators a

series of five direct flights for each category of hourdywél were determined using flight

destinations for Air Canada and West Jet (See Table 14). Each travel destination was then

inputted

i nto

t

he o6c

ty t
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determined which correspondeditche Eden Mi Il I sd& carbon calcul at
The distance for each city to city destination was also determined, and these distances were
i nputted into the o6distance of jaoefficiettwaavel 6 ca

determhed which corresponded to the Eden Mill so

Table 14. City to city flight travel destinations and distances associated with hourly flight travel

categories used by the Eden Millsbd carbon cal
Short Haul Flights Medium Haul Long Haul Extended Haul
(< 1.0 Hrs) (1.5 - 3.0hrs) (3.0 - 5.0 hrs) (>5.0 hrs)
Toronto to Montreal Toronto to Halifax Toronto to Edmonton Toronto to Los Angeles,
505Km 1283 km 2687km USA 3471
Toronto to Detroit Vancouver to Los Angele s | Toronto to Havana, Cuba Vancouver to Honolulu
315km 1729 km 2297km 4348km
Toronto to New York Vancouver to Las Vegas Toronto to Las Vegas Toronto to Paris, Fra
567km 1583km 3117km 6009
Toronto to Buffalo Toronto to Fort Montreal to C algary Toronto to London, Eng
109km Lauderdale 1991km 3002km 5720km
Vancouver to Seattle Toronto to Washington DC Toronto to Punta Cana, Toronto to Jeruselem, Isr
186km 584km DR 2944km 9328km

Table 15. Summary of flight coefficients derived for short haul flight (< 1.5 hr8 bB667km).

Flight Conversion kg Flight Conversion Ib

CO2/flight CO2/flight
Carbon Footprint Ltd. 145.8 321.489
Carbon Footprint Offsetters 37.2 82.026
Climate Care
Safe Climate 62.8 138.474
The Carbon Farmer Inc 50 110.25
Tree Canada 45.718 100.80819
Zerofootprint 240 529.2
Eden Mills' Calculator 240 529.2
Mean 117.3597143 258.77817
Median 62.8 138.474
Standard Deviation 91.25270568 201.212216
Max 240 529.2
Min 37.2 82.026
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Table 16.Summary of flight coefficients derived for mediunuh8ight (1.5-3.0hrs o568km-

1991kn).
Flight Conversion kg Flight Conversion Ib

CO2/flight CO2/flight
Carbon Footprint Ltd. 295.4 651.357
Carbon Footprint Offsetters 154.8 341.334
Climate Care
Safe Climate 259.2 571.536
The Carbon Farmer Inc 174 383.67
Tree Canada 194.926 429.81183
Zerofootprint 440 970.2
Eden Mills' Calculator 440 970.2
Mean 279.7608571 616.87269
Median 259.2 571.536
Standard Deviation 119.7344459 264.0144531
Max 440 970.2
Min 154.8 341.334

Table 17.Summaryof flight coefficients derived for long haul flight (3i05.0hrs or1992i

3117 km).
Flight Conversion kg Flight Conversion Ib

CO2/flight CO2/flight
Carbon Footprint Ltd. 387.6 854.658
Carbon Footprint Offsetters 450 992.25
Climate Care
Safe Climate 504 1111.32
The Carbon Farmer Inc 308 679.14
Tree Canada 381.796 841.86018
Zerofootprint 1230 2712.15
Eden Mills' Calculator 1230 2712.15
Mean 641.628 1414.78974
Median 450 992.25
Standard Deviation 406.4842172 896.2976989
Max 1230 2712.15
Min 308 679.14
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Table 18.Summary of flight coefficients derived for extended haul flight (> 5.0hrs317

km).
Flight Conversion kg Flight Conversion kg
CO2/flight CO2/flight

Carbon Footprint Ltd. 579.75 1278.34875
Carbon Footprint Offsetters 648 1428.84
Climate Care 0
Safe Climate 1039.2 2291.436
The Carbon Farmer Inc 642 1415.61
Tree Canada 869.434 1917.10197
Zerofootprint 2460 5424.3
Eden Mills' Calculator 2460 5424.3
Mean 1242.626286 2397.49209
Median 869.434 1672.970985
Standard Devi ation 846.403133 1980.908315
Max 2460 5424.3
Min 579.75 0

Among all categories investigated for the carbon calculators the@ficients for flight travel

showed the greatest variance (See Tables 15, 16, 17, 18). Tleeéfixients used in the Ede

Mi Il Il 6s car bon

c al

cul at or and

the Zerofootprin

outlier values in all categories for flight travel and were never within one standard deviation of

the mean C@coefficient. A comparison to the G@oefficiens derived for flight travel by

Padgett et al. (2007) could not be made as thejrd@€Xficients were calculated in Ibs g@ile.

Discussion and Conclusion

Overall a range of variances for g€efficients used for household energy, personal

transportationpublic transportation and flight travel were observed among all Canadian carbon

calculators investigated. The variances for, C@efficients for household energy and personal

transportation were relatively small indicating that some uniformity foy €@@fficients exists in

this category. However, hdde coefficients for other categories of household emissions such as
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waste and recycling, water usage, diet, food packaging etc. been investigatédcly that a

wide range of C@coefficients would hve been observed. This is dughtecomplex nature of
such questions and the number of assumptions that are taken into account by the carbon
calculator creator in order to produce a correspondingd®€fficient. As a result these
additional categorie®r household energy consumption would introdfuzéhererror and
inaccuracy into the carbon survey. This mentality was likely the reason that these categories

werenotincluded in the majority of carbon calculators examined.

In terms of the methods ed to generate the household £&@issions all calculators
requested actual kWh and heating fuel consumed except for the Zerofootprint carbon calculator.
Zerofootprint uses dollars spent on electricity and heating fuel and coverts it to kWh using the
averae cost of 1kWh in that year. However, because energy prices have been fluctuating
recently using this methodology would introduce additional error into the carbon survey. This
was likely the reason that this methodology was not used by other carboatoatcekamined.
ltdés difficult to understand why Zerofootprin
for the survey participant to report annual kWh usage and heating fuel usage by looking at bills
or calling eneungeawhatrthe benefite aresof reqoesting dollar amounts

spent on household energy.

CO;, coefficients for personal vehicle transportation were also related to fuel efficiency or
fuel economy and annual km driven by most carbon calculators examined. This method of
calculation generates the total annual fuel used which is then multiplied by the fuel CO
coefficients to generate the carbon emissions from this activity. Tree Canada was one calculator
that did not use this methodology but requested only annual fuedusagl t 6 s unl i kel y |

that many participants would be able to accurately estimate their annual fuel use although it can
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also be argued that participants would also have difficulty reporting the actual fuel efficiency of

their vehicle. The Carbon Fooitpt Ltd. and the EdeMills carbon calculators givie

participant the option to input actual fuel efficiency or to input vehicle make and model thereby
using the manufactureroés fuel efficiency. Ho
optimigic and would not reflect actual driving habits which reduce or increase the fuel efficiency

of the vehicle. Nevertheless, both methods are more accurate than the method employed by

Zerofootprint which uses the average fuel efficiency for vehicle siager t

Public transportation showed increased variance among@sificients reflecting the
complexity of such calculation. This category requires a number of assumptions to be made on
behalf of the carbon calculator creator such as the average nunpaasehgers per flight, the
average fuel efficiency of a public bus and the average speed travelled in order to produce a
corresponding Cgxoefficient. Calculators which use distance travelled on public transportation
assume the participaigaware oftté i nf or mati on; however, itds n
accurately estimate this in all four categories of public transportation. An improvement to this
survey process would be to include categories for city to city travel such as Tree Canada did o
use hourly travel such as Zerofootprint or the Eden Mills calculator which is easier to estimate
and reflects the time spent stuck in traffic which can not be accounted for in the calculators that

use distance travelled on public transit.

Flight travelshowed the most discrepancies among Gefficients of the carbon
calculators examined. This is again due to the inherent complexity of generating the carbon
emissions from this activity and the assumptions made in this process such as the size and type
of plane, the plane fuel type, the number of passengers on the plane, and the plane fuel

efficiency. The most accurate method of calculating flight emissions would be to use city to city

Appendix A 84



A Comparison of the Eden Mill sd Calcllaors Cal cul

travel thereby generating an estimate of the flight distance travéhesimethod was employed

by the majority of carbon calculators in this study. Safe Climate and the Carbon Farmer Inc.
require that survey participants input only t
doubtful that participants would be altecorrectly make this estimation. The other option

would be to employ the method used in the Ede
which uses an estimate of the £€nitted from the approximate time spent in flight travel.

Although this employ more average values and assumptions it would be easier for a participants

to estimate this value rather than distance travelled. However, the calculator comparison

involved in this study demonstrated thatthe,C@ e f f i ci ent s emplanged by t
Zerofootprint calculators were much larger than all other carbon calculators. Although,
Zerofootprint (which was the basis for the EAd
the GHG Protocol as the source they used to generate thiso€ficient their website is

password protected for paying clients so this information could not be accessed by this study.

This studyobservedhe wide variety and accuracy of Canadian carbon calculators that
are currently available on the internet. A clebjective for developing or employing a carbon
calculator iIis therefore essential. I f the goa
important to choose a carbon calculator that usesdOé€fficients derived from primary
literature and empl®ya carbon survey that uses minimal assumptions. However, if the goal is to
encourage the public to understand their general carbon impact on the world then the priority
would be to employ a public friendly calculator at the sacrifice of some accurdhg. ¢dase of
the Eden Millsd calculator accuracy and publi
the two aspects had to be achieved. Nevertheless, a uniform method of calculating accurate

carbon emissions from all human activities is esaktdgistreamline carbon calculators
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However this study has clearly demonstrated the complexity and magnitude of effort that would

be required to accomplish this task.
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