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Abstract

Climate change is a global issue that poses large risks to all life, and energy consumption
plays a significant role in this. The goal of this project was to find a way to help Tower Hill
Botanic Gardens monitor and manage their environmental impact by assessing their carbon
footprint. This was achieved by establishing indicators that are relevant to the institution,
developing a tool based on the indicators to assess the facility, and engaging the staff and the
public through the results of the tool. We were able to accomplish this goal and estimate Tower
Hill’s carbon footprint and which sources impact the footprint most. After we measured the
footprint of Tower Hill, we provided recommendations for Tower Hill to manage their carbon
emissions.
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Executive Summary

As climate change becomes a ubiquitous concern, and sustainability becomes a key
requisite for responsible citizenship, institutions are increasingly working to manage how their
operations impact the environment. Some institutions have developed methods to measure their
environmental impact and overall sustainability efforts using indicators. Indicators show if an
institution is improving in terms of aspects of sustainability. For example, carbon emissions per
consumption type can serve as an environmental indicator. If there is a rise in carbon emissions,
it shows the institution is negatively impacting the environment. If there is a decrease in carbon
emissions, the institution is positively impacting the environment (Laurent et al., 2012).

Institutions such as universities and museums have already developed systems that
measure their environmental impact and overall sustainability using indicators. By looking at
these and other systems that institutions use to measure their environmental impact, methods can
be developed for another institution to show how energy consumption directly impacts their
carbon footprint. It is additionally important to recognize that efforts to limit environmental
impacts are important lessons to engage the public and people of an institution.

One institution, Tower Hill Botanic Gardens, wanted to develop ways to see the impact
their energy consumption has on their carbon footprint by identifying indicators related to their
institution. Additionally, they wanted to make sure that the work was able to be presented in a
way that would educate both visitors and employees. The goal of this project was to improve
Tower Hill’s capability to monitor and manage their environmental impact by developing a tool
that could show the carbon emissions from their energy consumption over time.

The Process: Understanding Environmental Impact at Tower Hill

The goal for this project was to improve Tower Hill’s capability to monitor and manage
their environmental impact. We aimed to do this through three major objectives.

1. Establish indicators that are appropriate, useful, and relevant to the institution.

2. Develop a tool based on these indicators to assess current, past, and future
sustainability efforts.

3. Implement the tool at Tower Hill and convey the significance of the tool to Tower
Hill’s staff and visitors.

Objective 1
Establishing indicators for a specific institution is the foundation for assessing an

institution’s environmental impact. For this objective, we defined what factors of sustainability
we were looking at for Tower Hill’s facility. In doing so, we identified what indicators drive the



facility’s impact on the environment. Moreover, we described the participatory process used to
identify indicators relevant to the institution and our reasoning for this process.

Objective 2

Developing a tool based on these indicators was the next step. The purpose of the tool
was to give us a detailed carbon footprint of the facility by taking input from consumption data
provided by Tower Hill. When trying to monitor their facility’s environmental impact, it was
important to see its carbon footprint and how it has changed over the years, and the primary
sources that impact the carbon footprint. The tool focused on carbon footprint in relation with
time of operation and the source of the emissions.

Objective 3

Tower Hill Botanic Gardens has sustainability as one of their core values, including
learning and inclusivity. To fulfill these core values, we showed them how to use the tool to
monitor their carbon footprint and how to add parameters of analysis to the tool to move forward
in terms of sustainability. Conveying this information to Tower Hill was the first step as they
need to fully understand what is going on in their facility so they can learn where they stand in
terms of sustainability and environmental impact.

The Findings: Developing a Way to Monitor Carbon Footprint
Indicators

We were able to narrow down the indicators to those most important to Tower Hill.
Specifically, these included fuel (oil, propane, gasoline, and diesel), water, and electricity
(Appendix A). These were chosen over others as they were most applicable, and they related
directly to the carbon footprint of the institution. These indicators were analyzed using 6
different criteria of identifying indicators: simplicity, scope, quantification, assessment,
sensitivity, and timeliness. All the indicators were additionally identified to follow the carbon
dioxide emissions of the facility. Each one of them measures carbon emissions per type on a
monthly and yearly basis, and they can be seen over time and how they change in their ability to
change.

Carbon Footprint Tool
From the indicators identified above, we created a tool that was able to take information

from the indicators we identified and produce a breakdown of Tower Hill’s carbon footprint by
converting energy consumption data into a common unit of pounds of carbon dioxide. The tool



was then tested on data we received from Tower Hill between 2016 and 2019, and were able to
produce graphs to show trends in their overall carbon footprint over those years, showing the
annual and seasonal overall change, as well as the change in the individual components
(Appendix B). Additionally, it showed the primary sources of carbon emissions by fuel type,
how they have increased over the years, and the total make up of carbon emissions per source at
the facility. Once the tool was completed, we created detailed documentation of how to use and
modify the tool at any point in the future.

Data Analysis

The largest contributor to Tower Hill’s carbon footprint is oil used for heating. The
second largest is the electricity usage. These two are overwhelmingly the majority of the carbon
footprint of the facility, as both oil and electricity usage add up to slightly more than 85% of the
overall carbon footprint. Using 2016 as the baseline, the facility’s footprint has increased 12% as
of 2019. The primary reason for this is the increase of oil consumption over the years. Oil
consumption has increased 10.88% as of 2019. We determined that this is the main contributor to
CO2 emissions due to the fact that oil has the highest amount of carbon production in relation to
the amount of energy it produces. Though electricity is another larger carbon producer, its usage
has remained constant throughout the years. The usage of gasoline, propane, and diesel has gone
up significantly, however its percentage in the whole carbon footprint is still comparatively small
(15% on average).

Results and Recommendations: Moving Towards Carbon Neutrality

Drawing recommendations and conclusions from Tower Hill’s carbon footprint
assessment of their facility, we suggest the following:

Indirect carbon emissions such as the carbon emissions produced from freighting goods,
commuting employees, or traveling visitors can have a significant impact on an institution’s
carbon footprint. Quantifying these types of indicators, however, are difficult. For that reason,
we suggest that Tower Hill focuses on the direct impact that the facility has on its nearby
environment. Specifically, this means Tower Hill should focus on the carbon emissions that are
produced from their fuel consumption along with electricity and water usage.

With the carbon footprint assessment tool, Tower Hill will be able to implement new
parameters into the program. Parameters such as costs of energy consumption, zones of the
facility that produce the most carbon emissions, and even average outside temperature can easily
be added to the program. The addition of these parameters, along with others not mentioned can
significantly improve Tower Hill’s capability of making educated decisions on how to decrease
their carbon footprint. In terms of implementing a cost benefit analysis factor to the program,
however, we recognize that much of this can be done as back hand calculations rather than
formalized into the program. Therefore, we recommend that Tower Hill looks to add
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important parameters such as costs of energy consumption, monthly average temperature,
and zones of the facility with the most carbon emissions.

Monitoring Tower Hill’s carbon footprint is the first step towards a more sustainable and
environmentally friendly future. This will allow Tower Hill to observe how their carbon footprint
is changing and to pinpoint the main sources of their carbon emissions. For these reasons, we
recommend that Tower Hill continue to monitor their carbon footprint and to set a goal to
decrease a percentage of their carbon footprint starting from whichever year they desire.
Having a goal in place will set in motion for preparation and planning for the future. This will
also help keep Tower Hill accountable to themselves to make sure that measures are being taken
to steadily limit their environmental impact.

Using this carbon footprint assessment tool, we recommend that Tower Hill research
methods to conserve their energy consumption from their two main sources of carbon
emissions: oil and electricity. Being that the two sources of energy make up approximately 85%
of the institution’s carbon footprint, we suggest implementing measures to conserve and find
more efficient ways of heating, cooling, and lighting the facility. Within this process of finding
the most beneficial methods, cost benefit analyses need to be done to see which method can limit
the most carbon emission for the lowest costs.
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Glossary

Sustainability: Sustainability generally refers to depleting resources at a rate that they can be
replenished.

Indicators: Elements that are looked at to gauge sustainability of an institution. In our case,
these are greenhouse gas emissions per fuel or material usage.

Institution: An institution is an organization founded for an educational, social, economic, or
similar purpose, including its members and facilities.

Carbon footprint: A measure of the net carbon emissions by an institution.

Ecological footprint: A measure of how much land an institution requires to sustain its
operations.
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Chapter 1: Introduction

Over the past few decades, climate change has escalated to a global crisis as the Earth’s
average temperature increases annually (Archer & Rahmstori, 2010). Its impacts include more
extreme weather patterns and disruptions to habitats and communities where people, animals,
and plants alike are dying because of these environmental changes. These changes in the climate
pose large risks as a higher frequency of natural disasters are likely to happen due to these
weather fluctuations and will result in millions of homes being ruined (Van Aalst, 2006). One of
the main causes of climate change is greenhouse gas emissions (Weber & Stern, 2011). Carbon
dioxide makes up about 70% of these greenhouse gas emissions (Ehhalt & Prather, 2001). One
of the major sources of carbon dioxide emissions come from energy consumption, which consists
of the burning of fuels to generate forms of energy such as electricity (Olivier et al., 2005).

As carbon dioxide emissions continue to rise, institutions recognize their responsibility to
make changes to their energy consumption by implementing methods to limit their respective
carbon footprints. Some institutions have developed systems to quantify their efforts in
decreasing carbon dioxide emissions and to quantify their overall efforts in sustainability. The
consumption of fuels and electricity required to power a facility are often the major drivers for a
facility’s operation and additionally are the major contributors to a facility’s carbon dioxide
emissions (Culp et al., 2016). For these reasons, the amount of energy consumed by an
institution and the amount of carbon dioxide emitted per energy source are often indicators used
to quantify an institution’s progress in limiting their carbon footprint and overall environmental
impact.

Different institutions have different factors to consider when trying to limit their carbon
footprint and overall environmental impact. As a result, the system a specific institution might
implement to quantify their progress in environmental impact can differ due to the different
dynamics and factors of the institution. By comparing different methods that institutions use to
quantify their environmental impact and ability to sustain themselves, a new method can be
synthesized to measure the environmental impact another type of institution has. Equally as
important, institutions see their efforts to measure their environmental impact as opportunities to
engage the public and to spread their environmental consciousness to the nearby community.

Tower Hill Botanic Garden has begun to investigate how they can improve their
environmental impact by making changes to their energy consumption. Day to day operations
and preservation of the facility, and the flora that resides in it, require ample amounts of energy.
As a result, carbon dioxide emissions are produced and contribute to global climate change.
Tower Hill’s sustainability committee, therefore, began planning to develop ways of assessing
their current, past, and future environmental impacts.

We supported Tower Hill by developing a tool that helps them monitor and manage their
carbon emissions. We accomplished this by identifying quantifiable indicators that are relevant
to the botanic garden. Then, we developed a carbon footprint assessment tool based on these
indicators to assess the facility’s current, past, and future environmental impact. Additionally,



they wanted to make sure that the work was able to be presented in a way that would educate
both visitors and employees. The goal of this project was to improve Tower Hill’s capability to

monitor and manage their environmental impact by developing a tool that could show the carbon
emissions from their energy consumption over time.



Chapter 2: Background and Literature Review

As institutions look to be more conscious of the environment, they begin to develop
methods that assess their current efforts in limiting their overall environmental impact. Some
institutions already developed systems that quantify their respective environmental impacts and
have also incorporated their progress in sustainability. In this section, we define what
environmental impact means in terms of sustainability, how institutions derive indicators to
measure their environmental impact and sustainability, the existing systems that institutions
currently use to assess their environmental impact and sustainability, and ways that institutions
can engage their employees and the public in the work they have done to become more
environmentally friendly.

Foundations of Measuring Environmental Impact

The Role of Environmental Impact in Sustainability

For different institutions, environmental impact can mean different things and associate
many different factors. These factors can incorporate different environmental characteristics that
institutions have an impact on. For example, a farm might have more of an environmental impact
on the nearby quality of soil, whereas a university might be more concerned with the
environmental impact of its carbon footprint (Klemes, 2015). As a result, it is important to
recognize that different institutions incorporate different sources of environmental impact when
assessing the overall sustainability of their institution. By looking at systems that different
institutions use to measure their environmental impact and sustainability, methods can be drawn
and applied to an institution with a different source of environmental impact.

Quantifying Sustainability with Indicators

Institutions implement systems that utilize indicators to measure their progress in
sustainability. Indicators are attributes of an institution that are the simplification of complex
measurements that can explain the institution’s current success and operation (Bell et al., 2008).
These indicate whether or not an institution is becoming more sustainable. Sustainability
indicators can be classified using the three main pillars of sustainability: economic, social, and
environmental to see if the broader goals of an institution are being achieved (Tallis et al., 2009).
Within these main pillars, indicators can dive deeper into the specific area. For example, carbon
emissions can serve as an environmental indicator. If the carbon emissions rise, it indicates the
institution is moving in the wrong direction of making the institution more environmentally
friendly. If the carbon emissions decrease, it indicates that the institution is moving in the right
direction (Laurent et al., 2012).



Identifying indicators is an essential first step towards developing a system that measures
sustainability and environmental impact. It allows for the stakeholders of an institution to make
educated estimations and new policies to specific areas of sustainability they want to improve
upon. These indicators are most effective when they follow these key criteria (Tallis et al., 2009):

e Simplicity- straight to the point
e Scope- related to all issues of the problem being tackled and each indicator should
not overlap
Quantification- measurable in one way or another
Assessment- able to show trends of change over time
Sensitivity- able to change
Timeliness- identify trends with specific timing

Systems & Case Studies

There is an array of systems that institutions use to quantify sustainability with indicators.
In this section, various types of these methods are analyzed by looking at applications used by
institutions like Tower Hill to see what parts of these approaches are applicable to their case.

Sustainability in Universities

The Association for the Advancement of Sustainability in Higher Education (AASHE) is
an organization that helps universities to rate themselves in terms of sustainability using a
common set of indicators. To assess a university’s current state of sustainability, the organization
has a set of guidelines for the university to follow in self-assessment, with representatives from
the organization being available to assist them or answer questions. The set of guidelines is
called the Sustainability Tracking, Assessment and Rating System (STARS). STARS takes into
account a selected university’s academics, engagement, operations, planning, administration, and
innovation and leadership (The Sustainability Track, Assessment & Rating System, 2020). After
the guidelines are applied to a specific institution, results are given as a score out of a maximum
for each indicator, which are summed to give the total score. Additionally, the results are placed
in a specific percentile above or below the national average. STARS uses this rating metric
system to show where a university currently is relative to the average as well as areas of
improvement. Using this valuable data, colleges can make improvements where they are lacking
sustainability that will improve their overall STARS score.

Sustainability in Museums
Like universities using the STARS rating metric systems, a set of museums in Romania

sought to create a set of indicators with which to measure the sustainability of museums in the
National Network of Romanian Museums (NNRM). With these measurements of sustainability,



the museums were ranked against each other. The researchers undertaking this task began by
deciding on the set of the most important and encompassing areas of sustainability, and they
decided on four main pillars: economic sustainability, social sustainability, cultural
sustainability, and natural sustainability (Pop & Borza, 2016). Each of the pieces of each pillar
influence not only the pillar it belongs to, but also the other pillars. For example, if an institution
were to spend all of their money on getting the newest, greenest technology to increase their
natural sustainability, it would negatively impact their economic sustainability.
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Figure 1: Four pillars of sustainability
Image Source: Pop & Borza, 2016

First, the researchers interviewed a set of museum officials and experts from the NNRM,
asking them questions about whether they think certain aspects have a great impact on museum
sustainability. By the end, they had developed a total of 33 indicators. These indicators were
measured for each of the museums, turned into numbers that depended on the measure of “most
sustainable” museum in each indicator, and then the museums were ranked (Pop & Borza, 2016).

The piece of this study that is relevant to our project is the way that the set of indicators
was decided on. The set of indicators were identified through interviewing museum officials and
experts. This is useful in assessing the most important parts of an institution to consider when
attempting to measure how sustainable a place is, as the museum officials and experts know
which factors influence certain aspects of a museum.

Footprint-based Metrics

Another way that sustainability is measured is by means of an environmental footprint.
The two most common types of these footprints are ecological footprint and carbon footprint.



Ecological footprint is measured in units of hectares (a unit of land area) and is a way to show
how much land a certain institution requires in order to operate (Flint, 2001). Carbon footprint is

measured in units of carbon dioxide equivalent (CO2e) and is a way to show how much carbon
dioxide the institution emits or sequesters in its operations (Letete et al., 2011).

Both footprint types are similar in that they are measured by multiplying gathered energy
consumption data from institutions by conversion factors to determine their respective units and
sum them up. Any institution’s ecological footprint iS always going to be a positive number, as
any institution is going to require at least the land it is built on in order to operate. An
institutions’ carbon footprint can be positive, negative, or zero, if it has net emissions, net
sequestering, or is carbon neutral. In terms of climate change, carbon footprint is also a more
useful method, as carbon emissions contribute directly to climate change.

The 2008 Climate Change Act requires the UK to reduce its net greenhouse gas
emissions by 80% by 2050 from its 1990 baseline level, with an interim target of 34% by 2020
(U.K. Department for Environment, Food, and Rural Affairs, 2009). To help the UK
organizations meet this goal, the Department for Environment, Food and Rural Affairs (Defra)
published a document that gives a comprehensive framework for how to measure their

greenhouse gas emissions in terms of tons of CO2e (carbon dioxide equivalent) (U.K.
Department for Environment, Food, and Rural Affairs, 2009). The first step was to identify and
categorize emissions-related activities into scopes: direct emissions, energy indirect, and other
indirect. Once all the data related to these categories was collected, each number was multiplied
by its respective conversion factor (U.K. Department for Business, Energy & Industrial Strategy,

2019) to get it in terms of CO2e. Once an organization has these numbers, they can analyze them
across a set of years, or over what activities produce the most emissions, and attempt to reduce
emissions going forward (U.K. Department for Business, Energy & Industrial Strategy, 2019).
De Montfort University established their carbon footprint with three main categories:
building energy, travel emissions, and procurement (Ozawa-Mieda et al., 2013). Building energy
consists of direct emissions from University buildings and equipment. Travel emissions consist
of direct and indirect emissions from commuting staff and students, as well as student trips
home, and visitor travel. Procurement consists of indirect emissions from the supply chain
emissions of the goods and services consumed by the university. Their approach consists of three
steps: (1) determine activity/consumption data in each sector, (2) derive associated GHG factors,
and (3) multiply the data by the associated GHG factor to estimate emissions in kilograms of

COge for each sector and add them together to determine the overall carbon footprint (Ozawa-
Mieda et al., 2013).

The authors had an easy time getting necessary numbers for building energy, as
everything was being recorded internally by the university. For travel, they considered both
vehicles owned by the university for waste management and security, as well as travel by staff
and students estimated by sending out a survey. For procurement, the authors derived the data
from datasets of the university’s financial information system providing spending data and e-card



data from purchases conducted by authorized credit card users, sorting each item in the datasets
into other categories and multiplying by their respecting emission factor (U.K. Department for
Business, Energy & Industrial Strategy, 2019).

The carbon footprint metric is very well-documented, easily modifiable, and applicable to
different types of institutions. Although it does not necessarily cover all aspects of sustainability,
it can be used to comprehensively estimate an institution’s impact on the environment to the
extent that works best for the institution.

Summary of Case Studies

Overall, sustainability can be measured through the use of indicators. Whether it be
applied to universities, museums, or other institutions, sustainability is measured by different
factors that apply to that institution. The most important factors of each of these approaches are
the ideas of how to quantify a facility’s sustainability efforts. People with knowledge about an
institution’s facilities need to be consulted to identify key factors of sustainability and develop a
common metric to compare different types of energy and consumption data.

Engaging the Public

Engaging the public is a very important task that also must be considered at Tower Hill.
Efforts to increase the sustainability of Tower Hill represent an opportunity to engage visitors
and raise their awareness about sustainability issues. The way this is accomplished is also very
important as it will determine whether a lasting impression is made on visitors.

Teaching Sustainability

There are 8 things to consider when teaching sustainability (Mcdaniel, 2019):

1. Beware of student overload: the huge overall problems could overwhelm the
student and cause feelings of disempowerment and disengagement, which
“disrupt the learning process.”

2. Avoid doom and gloom: introducing the challenges that come with sustainability
may invoke a sense of overload.

3. Focus on quality of life issues: discuss their view on life and how sustainability
correlates to that, instead of the demoralizing view on sustainability.

4. Peer engagement and support: engagement relieves some feelings of overload
which can develop some critical thinking and leadership skills.

5. Student analysis of data: students learn more when they can wrestle with the
problem or idea themselves, and it helps to engage them.

6. Deconstruct eco-rhetoric: working on breaking down the language that is being
used can help the students understand the workings of sustainability better.



7. Precautionary principle: it is important to note this principle as it states that the
burden of an action being not harmful, without proof that it is harmful, is solely
rested on those taking the action.

8. Embrace interdisciplinarity: a thorough understanding of sustainability comes
from many different areas and teaching many different areas broadens the
students’ view.

A few of these considerations are of particular importance when educating about
sustainability at Tower Hill, those being, avoiding “doom and gloom,” peer engagement and
support, and allowing those who are being taught to analyze the data themselves. Avoiding doom
and gloom is important because negative framing can impair a visitor's ability to see the good
that can come out of sustainability efforts. When focusing on the positive and the more
optimistic side of things, students, or visitors in this case, are more apt to see that they can make
a difference. This flows into peer engagement and support. They must be engaged and supported
as well as given a positive attitude to stop feelings of overload. Otherwise, the information given
to them overwhelms them and turns them off to the idea of moving forward and actually getting
involved. It’s important to recognize that the audience also will need to be involved in the data
analysis as they need to understand what different aspects of the situation mean and what the
different levels allow for and what they signify.

Relaying to the Public

Some other considerations include deconstructing eco-rhetoric and avoiding overload
within the message (Mcdaniel, 2019). Deconstructing the eco-rhetoric means to define and
simplify the wording we choose like sustainability and what that means in our context. More
specifically, this means to explain complicated terms involving sustainability in ways that the
average person will be able to understand. Overload is very important to take into consideration
as it could overwhelm the people learning and turn them off to the idea and towards thinking
more about it.

Relaying to Tower Hill

Tower Hill is attempting to make changes that will improve their operations and change
in a positive way towards being more sustainable. In order to assist them with their goal, we
must learn more about what has been done in the past by other institutions. From interviews with
many institutions, one can learn a lot about what can be done in terms of sustainability from
similar institutions. Some institutions will have a lot of successes that can be used to follow, and
others will have failures that can be noted and used as “what not to do.” Nevertheless, reaching
out to similar institutions can give Tower Hill recommendations on how to move forward with
their sustainability efforts and can help build healthy relationships with other local institutions.



Chapter 3: Overview of Tower Hill

Tower Hill Botanic Garden is a botanic garden with a passion for growing plants for their
ornamental, economic, and ecologic value, while engaging the public in that passion (Tower Hill
Botanic Garden, 2019). Tower Hill wants to present themselves as a pinnacle for sustainability,
and along with that, serve as a role model to its community. The garden has served as a non-
profit, beautiful sanctuary in Boylston, Massachusetts under the leadership of the Worcester
Horticultural Society since 1986. With the help of the society and its many members, the botanic
garden has been able to function successfully by housing more than 17 unique gardens with
flowers and trees from all over the world (Haselton, 2019). Despite its prosperity, the facility still
does not have a sustainability policy that takes into account its impact on the environment.
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Figure 2: Map of Tower Hill’s facility and gardens
Image Source: Tower Hill Botanic Gardens Website: “Tower Hill Botanic Garden”
towerhillbg.org, 8, Jan. 2020, https://www.towerhillbg.org/garden-map/

Tower Hill has decided to change this by developing a sustainability committee
consisting of their facilities manager, Jeff Haselton, director of horticulture, Mark Richardson,
adult education manager, Emma Kerr, director of Education, Jessica Pederson, chief financial
officer, Jane Ellis, and the director of outreach and community engagement, Ruth Seward. Their
goals focus on making Tower Hill a model of sustainability so the community can learn from


https://www.towerhillbg.org/garden-map/

them and apply their sustainability strategies to their lives at home. Tower Hill’s sustainability
committee and the rest of the organization wants to not only guide the community towards more
sustainable means but also wants to see beneficial changes in their sustainability policies and
their facility.

Currently, 31,000 gallons of oil needs to be burned throughout the facility due to
inefficient HVAC systems, air handlers, and oil burners/furnaces (Haselton, 2019). This along
with dozens of inefficient halogen light bulbs, poor roofing, and heat inefficient spaces leaves the
institution causing more pollution than desired. So far, the only sustainability efforts made by the
organization was to form a committee to focus on sustainability. The committee meets twice a
month, but due to new gardens, attractions, and other construction, progress has stopped
(Haselton, 2019). The committee has begun to make changes to their environmental impact by
looking into ways to monitor and manage their carbon emissions, and therefore has asked WPI to
help them with this effort.
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Chapter 4: Methodology

Our goal for this project was to improve Tower Hill’s capability to monitor and manage
their environmental impact. We aimed to do this through three major objectives:

1. Establish indicators that are appropriate, useful, and relevant to the institution.

2. Develop a tool based on these indicators to assess current, past, and future sustainability
efforts.

3. Implement the tool at Tower Hill and convey the significance of the tool to Tower Hill’s
staff and visitors.

This chapter will detail our different approaches we used to accomplish this overarching
goal along with the three objectives. We will also discuss the reasons for our approaches and
proposed action plan.

Objective 1

Establishing indicators for a specific institution is the foundation for assessing an
institution’s environmental impact. Within this objective, we defined what factors of
sustainability we were looking at for Tower Hill’s facility. In doing so, we identified what
indicators drive the facility’s impact on the environment. Moreover, we described the
participatory process used to identify indicators and eliminate indicators not relevant to the
institution, and our reasoning for this process.

Defining Sustainability with Tower Hill

As Tower Hill is primarily focused on their carbon emissions, we identified indicators
that measure the effects that the facility and their grounds have on their carbon footprint. Despite
these indicators being specific to only the environmental side of things, we also communicated
that economic and social factors must also be present in decision making and discussion. For
example, we might have carbon dioxide emissions from oil consumption as an indicator. We thus
might see a rise in carbon dioxide emissions from oil consumption. Hypothetically, the
administration might see this and begin brainstorming how to solve the issue for the future. They
might suggest the addition of solar panels to limit their use on oil, however, this solution could
be difficult to achieve without compromising the financial stability of the institution. The
measurements will be able to indicate positive or negative change, but it’s important to keep in
mind what the most viable means are to make this change so that the institution will not suffer
economically or socially.
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The Metric

Through the literature review, we’ve established that the most helpful and accessible type
of tool for evaluating environmental impacts of a facility is a footprint-based tool. In particular,
using carbon-footprint metrics, as that is the standard for the UK Government and the EPA
(Environmental Protection Agency, 2020).

Establishing Indicators for Tower Hill

After scanning through the literature and conversations with Tower Hill staff, we first
developed a preliminary list of indicators that would be most applicable to Tower Hill. They
were separated into three different scopes: 1) Fuel and other equipment dependent on fuel, 2)
Electricity, and 3) Waste and material usage. These major scopes and their associated indicators
were selected due to relevance to Tower Hill’s facility and each indicator’s ability to be
measured and quantified.

Co-creating Sustainability Indicators with the Tower Hill Staff

In order to clearly define which indicators are most applicable to the institution, staff
perspectives on the importance and prioritization of these different indicators are required. We
aimed to find the indicators that match with the goals that Tower Hill has in terms of
sustainability and changed them where needed to more closely match the needs and goals of
Tower Hill. We planned on doing this by aligning sustainability indicators with Tower Hill’s
mission and goals through interviews and focus groups with staff, and then addressed and
worked with them to identify areas of improvement.

Interviews were conducted to collect data on Tower Hill’s sustainability actions and
plans. The sustainability committee was interviewed and others outside of Tower Hill were
contacted for other information surrounding sustainability and our plans for Tower Hill.

Objective 2

Developing a tool based on these indicators was the next big step. The purpose of the tool
was to use measurements taken from the facility to give us a detailed carbon footprint of the
facility. As mentioned previously, carbon footprint is one of the primary sources of impact that a
facility can have on its nearby environment. Therefore, it’s important to see its carbon footprint
and how it has changed over time, and the primary sources of carbon emissions. The tool focused
on carbon footprint in relation with time of operation and the source of the emissions.

12



Creation of the Tool

The list of carbon-based indicators that we created is based on the government emissions
conversion factors released by the UK government to measure carbon footprint. These factors are
numbers that are multiplied by some measurement to convert that measurement into tons of
carbon dioxide equivalent. A new dataset of conversion factors is put out yearly to account for
new data availability, methodology improvements, or corrections to errors in methodology (U.K.
Department for Business, Energy & Industrial Strategy, 2019). Accordingly, we used the most
recent dataset (2019) in our tool. After gathering all applicable conversion factor types through
interviews and literature review, we looked further into the conversion factors to find which ones
we can obtain data for, and how frequently it is recorded.

Addressing Current Inefficiencies of the Facility

Data from previous years was necessary to make a timeline of how their sustainability
has looked like in the past, and to give them an idea of whether or not they have been on the road
to sustainability so far. Once measured, it’s capable of examining what aspects of the facility
were providing the largest amount to their carbon footprint. Some areas, like heating, by nature
will always have one of the largest impacts on the carbon footprint of the facility. However, we
were able to see other areas that also significantly contributed to the facility’s carbon footprint
that could more easily be improved.

Objective 3

Tower Hill Botanic Gardens has sustainability as one of their core values, including
learning and inclusivity. In order to fulfill these core values, we helped them learn how to use the
tool to monitor their carbon footprint and how to use this tool to move forward in terms of
sustainability. Conveying this information to Tower Hill was the first step as they need to fully
understand what is going on in Tower Hill so they can learn the position they were in terms of
sustainability and environmental impact.

Engaging Tower Hill

The first thing to do was to show the staff how to use the tool we created to the benefit of
them and the organization. We did this by working with Jeff and the organization, through
simple tutorials they can come back to. We talked to the people who will specifically be using
the tool and taught them how each aspect of the tool works. From there, they spread the word
throughout the facility. Once we showed them how the tool works then we taught them how to
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analyze the data and interpret what it means and what it signifies, how to create graphs and
interpret the results, and how to portray that data throughout the facility.

During this process, we followed the 8 points to consider when teaching sustainability.
The first thing we did was break down the words we were using and made it connected to them
directly so they could better understand what we were focusing on. A better understanding
broadened their viewpoint on sustainability and gave them a better understanding of the
situation. We made sure that nothing we gave them was too overwhelming and it was simple
enough to understand so they wouldn’t be overloaded. The tool itself had the tutorials that taught
them how to use it, but the tool also was kept straightforward and easily learnable even without
the written or video user manual. Additionally, everything was brought up with a sense of
positivity, allowing the institution seeing the silver lining in the situation. Furthermore, we kept
them all engaged together and up to date on what was going on. We also had them look at the
data we collected and analyze it themselves instead of telling them what it meant to make sure
they knew that they were also a part of our team. Lastly, we reinforced the importance that they
should be focusing on where they are instead of what good they could have done in the past.
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Chapter 5: Findings

From working with Tower Hill’s sustainability committee, we identified indicators that
illustrate their facility’s carbon footprint, and created a tool that was able to take that information
and produce a breakdown of their carbon footprint. The tool was then tested on data we received
from Tower Hill of their consumption in these indicators we decided upon between 2016 and
2019 and was able to produce graphs to show various trends in their carbon footprint. Once the
tool was completed, we created detailed documentation for whomever the tool is given to in
order to use and modify the tool at any point in the future.

Establishing the Indicators

Choosing Indicators

First, indicators were established that would be used to analyze the carbon footprint of
Tower Hill. Interviews were conducted with the members of the sustainability committee at
Tower Hill (Sustainability Committee, February 27, 2020). After the interviews were completed
and the answers were collected, we were able to narrow down to indicators that were deemed
most significant to the institution, being those relating to the carbon footprint of Tower Hill.
Specifically, those incorporated fuel (oil, propane, and diesel), water, and electricity. These were
chosen over others as they were most applicable, and they related directly to the carbon footprint
of the institution. A list of the indicators can be seen below.

= Carbon Dioxide Emission per Gallon of Oil Consumed per month
=> Carbon Dioxide Emission per Gallon of Propane Consumed per month
= Carbon Dioxide Emission per Gallon of Gasoline Consumed per month
= Carbon Dioxide Emission per Gallon of Diesel Consumed per month
= Carbon Dioxide Emission per kWh of Electricity Consumed per month
= Carbon Dioxide Emission per Gallons Water Consumed per three months

These indicators were analyzed for their consistency with the 6 different criteria of
identifying indicators; simplicity, scope, quantification, assessment, sensitivity and timeliness.
All the indicators were simple and straight to the point of the project, making them directly on
topic for the goal of them which was to look at carbon dioxide emissions for the carbon footprint.
Each one of them is measurable for their carbon emissions, and they can be seen over time and
how they change in their ability to change. Some of the other indicators considered included the
second-hand emissions created through freighted goods or the waste disposal and what happens
to it. These were put aside for the time being but can be implemented in the future.
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Boundaries of Analysis

Determining the environmental impact of 171 acres of land can be troublesome and
tricky. The Tower Hill sustainability committee discussed the possibilities of analyzing the
carbon footprint in specific sections of the facility, the carbon footprint from ground
maintenance, and also the carbon footprint of vehicles traveling to and from the facility. When
regarding the overall footprint of a facility, especially with an institution where its sole source of
income is from visitation, it's important to lay down boundaries and limit the scope of analysis to
the area where the most environmental impact is.

The sustainability committee, therefore, determined that it would be most beneficial if
most of the analysis was focused on the facility. This is primarily due to the fact that the facility
causes most of the environmental impact, as it is forced to consume fuel, electricity, and even
water to care for the patrons and flora of the gardens. The fuel used for garden maintenance was
also accounted for so it would encompass the overall carbon print of the institution.

Now, a significant portion of the carbon footprint is the carbon dioxide produced from
the amount of fuel used for transportation of visitors, employees, plant material, and regular
supplies. The problem with analyzing these types of carbon production, however, is the difficulty
in quantifying them. There are conversion factors that are easily applicable to both types, but the
collection of the data is the difficult part. More simply put, it’s easy to find how far a person or
vehicle has traveled, however, the different modes of transportation require new conversion
factors to accurately figure out the carbon production and that information is not easily
accessible or even given. For these reasons, the sustainability committee decided to focus on the
carbon footprint that directly comes from the facility.

Corresponding Conversion Factors with Indicators

In choosing our conversion factors, we used ones from the EPA to be more specific to the
US and the region where possible, and the rest were taken from the most recent IPCC annual
report due to their use in multiple case studies we reviewed (Ozawa-Meida et al., 2013) (Letete
etal., 2011). The factors used from the EPA were electricity in the New England region and
propane. The other conversion factors were taken from the most recent annual IPCC report, those
being oil (burning oil), gasoline (petrol), diesel (gas oil), and water (water supply).
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Indicators Conversion Factors (Pounds of CO2 per
desired unit)

QOil 21.201

Gasoline 18.7

Propane 12.61

Diesel 23.018

Water 0.002871

Electricity 0.5582

Table 1: The indicators we chose and their respective conversion factors.

Carbon Footprint Assessment Tool

Finding the Appropriate Data Gathering Platform

In order to create the tool to analyze Tower Hill’s carbon footprint, we looked through
different electronic tools to visualize the data. The two that stood out were Microsoft Excel and
Tableau, which we presented to Tower Hill. Both programs are able to look at the exact same
types of datasets and produce similar types of graphs, but Tableau is more freely capable of
changing between different graphs without as much effort. The choice came down to primarily a
financial decision, as Tableau costs $70/month to use (Tableau, 2020), as well as familiarity, as
the members that would be directly using the tool are more familiar with Microsoft Excel than
they are with Tableau. For these reasons, we ended up going with Microsoft Excel. The tool will
need an input of consumption from each of the areas we decided on broken down by month. The
tool then produces a breakdown of contributions by area for the entire year, and by season, as
well as the trend over years of the carbon footprint over the whole year and by season.

Baseline Data

The baseline data we gathered from Tower Hill included all of their consumption data for
the indicators (oil, gasoline, propane, diesel, water, and electricity) from January 2016 to
February 2020. From this data, we used the part of the data that came from 2016 as the baseline
for them to compare their future data to and tested the tool out for the entire set of data we were
given. The data for oil, gasoline, propane, diesel, and electricity was on a monthly basis, while
the data for water was on a quarterly basis. For this reason, the amount of water they used per
quarter was split up evenly over the months in each quarter to get an estimate of their total
consumption by month. The data was analyzed on a monthly, yearly, and seasonally basis, with
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the seasons being split up thusly: Winter was January, February, and March. Spring was April,
May, and June. Summer was July, August, and September. Fall was October, November, and
December.

Construction of the Assessment Tool

When constructing the tool, the very first thing we did was compile the amount of fuel
consumed on a monthly basis. As seen below, we tallied the amount of gallons Tower Hill used
monthly and used the corresponding conversion factor to find the amount of carbon dioxide
emitted per that specific fuel type.

Month Oil Gasoline Propane Diesel Water Electricity

January 5463.70  44.99 1066.30 5.04 43033.33  34224.00

February 3595.70  30.76  853.10 0.00 43033.33  32083.00

March 2814.70 0.00  324.00 0.00 97200.00 28741.00

April 1457.30 4536  486.40  10.97 97200.00  25397.00

May 000  46.53 0.00 0.00 9720000 27447.00

June 000  53.24 0.00  10.67 710633.33  41796.00

July 000  47.82 0.00 0.00 710633.33  37938.00

August 1691.50  60.57 0.00 2117 710633.33  51230.00
September 000  42.06 0.00 9.59 242933.33  35268.00

October 0.00 3091 15170  32.05 242933.33  27445.00
November | 3355.60 0.00 313.30  10.85 242933.33  32129.00
December | 246240 4178 145160 0.00 39533.33  38378.00

TOTALS 20840.90  444.02 4646.40  100.34 3277899.97 412076.00

CARBON ||441847.92 8303.17 5859110 2309.63  9410.85 230020.82

TOTALCF | 750483.50)

Season Oil Gasoline Propane Diesel Water Electricity |TOTALS
Winter 251742.79) 1416.53 28289.27] 116.01  526.16  53055.79] 335146.56
Spring [ 30896.22" 2713.93” 6133.50" 498.11” 2598.35  52828.05| 95668.16
summer | 35861.49” 2813.42”  0.00” 708.037 4777.92  69460.18] 113621.03
Fall [123347.427 1359.307 24168.337 987.477 1508.42  54676.81| 206047.75

Figures 3 & 4: Fuel consumption on a monthly basis within the carbon footprint assessment
tool.

The numbers within the beige highlighted cells are the cells consisting of the amount of
fuel used per that corresponding month, which is in the leftmost column of the first chart. The
top row of that chart consists of the fuel types we are measuring. The third to last row, where it
says “TOTALS”, adds up the total amount of that specific fuel throughout the months to show
the amount used the entire year. The second to last row, where it says “CARBON” is the carbon
emission calculated in pounds via that specific fuel type. Last but not least, the final row, where
it says “TOTAL CF” is the total amount of carbon produced via all the fuel types. Below the first
chart is another chart that displays the same carbon emissions but on a seasonal view. It simply
sums the amount of carbon emissions in the specific fuel type in those corresponding seasonal
months.
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Within the program, the beige highlighted cells are the only cells that are intended for
users to type in data. The intention is that these are the cells where the users type in the amount
of the specific fuel that has been used within that month once they get that particular monthly
bill. Moreover, these carbon dioxide emissions were then plotted into a bar graph in relation with
their fuel type as seen below in Figure 9. These charts were repeated for each desired year and
each set of charts and graphs were separated into its own specific tab (from 2016-2020).

Winter Carbon Contributions Spring Carbon Contributions Carbon Footprint Contributions

Diesel Diesel Diesel |
L & Gasoline [ ]

0.00  50000.00100000. 00150000.0(200000.0250000.0(300000.00 000 10000.00 20000.00 30000.00 40000.00 50000.00 60000.00 000 5000000 100000.00 15000000 200000.00 250000.00 300000.00 35000000 400000.00  450000.00  500000.00

Summer Carbon Contributions Fall Carbon Contributions

oil o [ ] ! ! 3

0,00 10000.02000. GED000. 0000, (EDO00.06D000. GTD000.0&D000.00 0,00 20000.0@0000.060000.080000.0£00000. 020000. 080000.00

Figure 5: Carbon footprint by fuel type by year and season.

All of this data within the yearly tabs feed into the very first tab of the program, which
shows the total yearly usage of energy and carbon emissions. Along with that is percentage
increases of the annual carbon footprint and the amount of carbon footprint caused by source and
its percentage in the total makeup of the facility’s carbon footprint. A more comprehensive look
can be seen in Figures 10 and 11.
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% Increase % Increase % Increase
% Increase % Increase % Increase
5 . < from % Increase from | % Increase from from from
Primary Energy Consumption (Gallons) 2016 Baseline 2017 N from 2018 < 2019 N from 2020 N from
Previous ~ Previous Year Baseline Previous - Previous ~
Baseline Baseline Baseline
Year Year Year
Qil 20840.30 22451.83 7.73% 7.73% 22591.00 0.62% 8.40% 23108.30 2.29% 10.88% 5385.90 -76.69% -74.16%
Gasoline 444.02 482.96 8.77% 8.77% 506.58 4.89% 14.09% 1061.23 109.49% | 139.00% 59.08 -94.43% -86.70%
Propane 4646.40 6879.40 48.06% 48.06% 7817.20 13.63% 68.24% 7103.70 -9.13% 52.89% 1701.80 -76.04% -63.37%
Diesel 100.34 63.22 -36.99% 36.99% 116.50 84.28% 16.11% 472.57 305.64% | 370.97% 31.92 -93.24% -68.19%
Water 3277899.97 2430966.67 | -25.84% -25.84% 2507766.63 3.16% -23.49% 2420900.01 | -3.46% -26.14% 0.00 -100.00% | -100.00%
Electricity 412076.00 390507.00 5.23% -5.23% 410202.00 5.04% -0.45% 394010.00 -3.95% -4.38% 29119.00 -92.61% -92.93%
Pounds of CO2
Carbon Impact Conversion - ~
per desired unit
Qil 21.20
Gasoline 18.70
Propane 12.61
Diesel 23.02
Water 2.87E-03
Electricity 0.56
%1 %1 %1
nerease % Increase e % Increase e % Increase
— , from % Increase from | % Increase from from from
Carbon Footprint in lbs of CO2 2016 Baseline 2017 = from 2018 3 2019 2] from 2020 % from
Previous . Previous Year Baseline Previous , Previous i
Baseline Baseline Baseline
Year Year Year
ail 441847.92 476001.25 7.73% 7.73% 478951.79 0.62% 8.40% 489919.07 2.24% 10.88% 114186.47 | -329.05% -74.16%
Gasoline 8303.17 9031.35 8.77% 8.77% 9473.03 4.66% 14.09% 19844.96 52.26% 139.00% 1104.72 | -1696.38% | -86.70%
Propane 58591.10 86749.23 48.06% 48.06% 98574.89 12.00% 68.24% 89577.66 -10.04% 52.89% 21459.70 | -317.42% -63.37%
Diesel 2309.63 1455.20 -36.99% -36.99% 2681.60 45.73% 16.11% 10877.57 75.35% 370.97% 734.80 -1380.34% | -68.19%
Water 9410.85 6979.31 -25.84% -25.84% 7199.80 3.06% -23.49% 6950.40 -3.59% -26.14% 0.00 #DIV/0! -100.00%
Electricity 230020.82 217981.01 -5.23% -5.23% 228974.76 4.80% -0.45% 219936.38 -4.11% -4.38% 16254.23 | -1253.10% | -92.93%
Total (Pounds) 750483.50 798197.34 6.36% 6.36% 825855.86 3.35% 10.04% 837106.05 1.34% 11.54% 153739.91 | -444.49% -79.51%
Metric Tons 340.41 362.06 6.36% 6.36% 374.60 3.35% 10.04% 379.70 1.34% 11.54% 69.74 -444.49% -79.51%
Percent of Baseline 100% 106% 6.36% 6.36% 110% 3.35% 10.04% 112% 1.34% 11.54% 20% -444.49% -79.51%
% Increase % Increase % Increase
% Increase % Increase % Increase
N N _ from % Increase from | % Increase from from from
Consumption by % of carbon footprint 2016 Baseline 2017 3 from 2018 G X 2019 s from 2020 5 from
Previous % Previous Year Baseline Previous % Previous %
Baseline Baseline Baseline
Year Year Year
Qil 59% 63% 4.55% 4.55% 64% 0.39% 4.94% 65% 1.46% 6.41% 15% -50.07% -43.66%
Gasoline 1% 1% 0.10% 0.10% 1% 0.06% 0.16% 3% 1.38% 1.54% 0% -2.50% -0.96%
Propane 8% 12% 3.75% 3.75% 13% 1.58% 5.33% 12% -1.20% 4.13% 3% -9.08% -4.95%
Diesel 0% 0% -0.11% -0.11% 0% 0.16% 0.05% 1% 1.09% 1.14% 0% -1.35% -0.21%
Water 1% 1% -0.32% -0.32% 1% 0.03% -0.29% 1% -0.03% -0.33% 0% -0.93% -1.25%
Electricity 31% 29% -1.60% -1.60% 31% 1.46% -0.14% 29% -1.20% -1.34% 2% -27.14% -28.48%
Carbon Footprint in lbs of CO2 by season 2016 Baseline 2017 % Increase 2018 % Increase 2019 % Increase 2020 % Increase
Winter 335146.56 342302.14 2.14% 340268.74 -0.59% 315600.48 -7.25% 163888.44 | -48.07%
Spring 95668.16 136290.46 42.46% 112860.48 -17.19% 152822.60 35.41% 0.00 -100.00%
Summer 113621.03 68132.92 -40.03% 85723.22 25.82% 80927.42 -5.59% 0.00 -100.00%
Fall 206047.75 251471.82 22.05% 287003.41 14.13% 287755.55 0.26% 0.00 -100.00%

Figure 6: Overall energy usage and carbon footprint tab

All of these cells are auto populated by looking into the yearly tabs and taking

information from them. This thus makes the program very easy to manage and change. All that it
takes to add new years to track new data is the copy and pasting of columns where the formulas
should do the rest. Taking information from these tabs, we inserted graphs that will auto populate
as well and will provide helpful visuals of how their carbon footprint has changed over the years
and what the primary sources of the carbon emissions have been. These graphs can be seen in
Figures 8-11.
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Figure 9: Carbon footprint by source % |

POUNDS OF CARBON DIOXIDE EQUIVALENT

70%

60%

50%

40%

30%

20%

10%

0%

CARBON DIOXIDE PRODUCTION % PER SOURCE

2016 Baseline 2017 2018

Year

HOil W Gasoline M Propane wm Diesel B Water ™ Electricity

2019

Figure 10: Carbon footprint by source % II
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Data Analysis

The largest contributor to Tower Hill’s carbon footprint is the oil used for heating. The
second largest is the electricity usage. These two are overwhelmingly the majority of the carbon
footprint of the facility, as both oil and electricity usage add up to slightly more than 85% of the
overall carbon footprint. Using 2016 as the baseline, the facility’s footprint has increased 12% as
of 2019. The primary reason for this is the increase of oil consumption over the years. Oil
consumption has increased 10.88% as of 2019. We have ruled that this is the main culprit since
oil has the increase in carbon production in relation to the overall amount of carbon dioxide
Tower Hill produces. Though electricity is another larger carbon producer, its usage has actually
remained steadily constant throughout the years. The usage of gasoline, propane, and diesel has
gone up significantly, however, its percentage in the whole carbon footprint is so small (15% on
average) that it’s negligible.

Advice from other Institutions

In order to align Tower Hill with common sustainability practices with other similar
institutions, we needed to look to see what others have done under similar circumstances and
apply that towards the people at Tower Hill. In order to do this, we interviewed the Vice
President of Operations for Mass Audubon, Bancroft (Banks) Poor. We reached out to multiple
different institutions (including the Horticulture Center, the Worcester Ecotarium, the Boston
Science museum, and others) but because of the COVID-19 virus outbreak that and other things
have been made difficult. Communication became a challenge for a lot of institutions, and many
did not get back to us on a meeting time for us to get any information from them. Though we
faced this challenge, we were still able to get a lot of information about how Mass Audubon
handles the issue of sustainability and use that to help determine our recommendations for Tower
Hill.

Around 15-20 years ago, staff at Mass Audubon started thinking about their carbon
footprint and wanted to lead the public towards being sustainable and wanted to do this through
example. They wanted to show visitors how to live so they can take it home and work on it
themselves. They started this work through measuring their carbon footprint. From the results of
their carbon footprint, they started auditing and looking at recommendations that came from that
audit, then started making smaller changes such as insulation, air sealing, window, door and
furnace replacement, and so on, to change their carbon footprint. Before looking into renewable
sources of energy, they wanted to get consumption down as low as possible (by conserving
energy and other methods). Renewables can be expensive so Poor suggested buying RECs
(Renewable Energy Credits) until renewables are affordable. Composting and soils management
were some of the other recommendations made to Tower Hill. Poor also suggested electric
tractors and to take advantage of some of the programs at Massachusetts Department of
Agricultural Resources (MDAR).
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Engaging Tower Hill

Teaching How to Assess Carbon Emission

It’s important to have methods of transferring information on how to operate the carbon
footprint assessment tool from person to person. For that reason, we have implemented both
writing and video methods to make sure that anyone, regardless of background experience, can
operate the carbon footprint. Appendix C showcases the written and video user manual for the
carbon footprint assessment tool.

Displaying the Sustainability Efforts

Additionally, we wanted to display our analysis for the public. For this, we made an
infographic that can be displayed as a poster throughout the facility to showcase the impact of
carbon footprint at Tower Hill. In order to make the infographic (Figure 11), we looked at the 8
considerations for teaching sustainability and incorporated them into our work. We were aware
that the people looking at this infographic would be people throughout the Tower Hill
community, and as such, we want to incorporate knowledge that they may not within the visual.
Moreover, we wanted to implement key facts that would help the view visualize the carbon
footprint production we mention. We also went on to explain carbon footprint so that the poster
comes across as educational and not something that is condescending. The data we included
within the heel of the footprint incorporates what we found with the tool. This allows for the
viewers to analyze the data themselves and create their own conclusions from it, gaining more
insight from it than if the conclusions were just written out. Everything that was incorporated
into the infographic provided information to the viewer while considering the different aspects of
teaching sustainability.
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Chapter 6: Recommendations

Assessing the carbon footprint of a facility lays the groundworks for continued
management of an institution’s environmental impact. Besides direct carbon emissions, indirect
carbon emissions can also contribute a significant portion to an institution’s carbon footprint.
Other important factors such as the cost of implementing sustainable changes need to be
considered when deciding how to limit an institution’s carbon footprint. Within this chapter, we
will discuss the conclusions drawn from the analysis of Tower Hill’s carbon footprint assessment
of their facility and on how Tower Hill can move forward with managing their environmental
impact.

Scope of the Carbon Footprint Assessment

As mentioned in the previous chapter, indirect carbon emissions such as the carbon
emissions produced from freighting goods, commuting employees, or traveling visitors can have
a significant impact on an institution’s carbon footprint. Quantifying these types of indicators,
however, are difficult. For that reason, we suggest that Tower Hill focuses on the direct
impact that the facility has on its nearby environment. Specifically, this means for Tower Hill
to focus on the carbon emissions that is produced from their fuel consumption along with
electricity and water usage.

Implementing New Parameters

With the carbon footprint assessment tool, Tower Hill will be able to implement new
parameters into the program. Parameters such as costs of energy consumption, zones of the
facility that produce the most carbon emissions, and even average outside temperature can easily
be added to the program. The addition of these parameters, along with others not mentioned can
significantly improve Tower Hill’s capability of making educated decisions on how to decrease
their carbon footprint. In terms of implementing a cost benefit analysis factor to the program,
however, we recognize that much of this can be done as back hand calculations rather than
formalized into the program. Therefore, we recommend that Tower Hill looks to add
important parameters such as costs of energy consumption, monthly average temperature,
and zones of the facility with the most carbon emissions.

We concluded that a cost benefit analysis would be better left out of the program due to
the fact that one of the key aspects of this type of analysis is figuring out the payback time of
investing in a change to the facility. When evaluating payback, one needs to account for inflation
and any type of discount rate that will be offered from the vendor or seller to find the present and
future value of money provided for the investment. It would be difficult to incorporate this into

26



the existing program without compromising its existing integrity. For these reasons, it will be
much easier to either perform a cost benefit analysis in a separate program or conduct it by hand.

Continue to Monitor

Monitoring Tower Hill’s carbon footprint is the first step towards a more sustainable and
environmentally friendly future. This will furthermore allow Tower Hill to observe increases,
decreases, or fluctuations of their carbon footprint and to pinpoint the main sources of their
carbon emissions. For these reasons, we recommend that Tower Hill continue to monitor
their carbon footprint and to set a goal to decrease a percentage of their carbon footprint
starting from whichever year they desire. Having a goal in place will set in motion for
preparation and planning for the future. This will also help keep Tower Hill accountable to
themselves to make sure that measures are being taken to steadily limit their environmental
impact.

Moving Forward

We have supported Tower Hill in creating the foundations for a sustainable future. Using
this carbon footprint assessment tool, we recommend that Tower Hill research methods to
conserve their energy consumption from their two main sources of carbon emissions: oil
and electricity. Being that the two sources of energy make up approximately 85% of the
institution’s carbon footprint, we suggest implementing measures to conserve and find more
efficient ways of heating, cooling, and lighting the facility. Finding these methods can be tricky
and research intensive as well as focused on costs. Within this process of finding the most
beneficial methods, cost benefit analyses need to be done to see which method can limit the most
carbon emission at the most sustainable costs. We further hope that Tower Hill continues to
work with WPI on this path towards a more sustainable future. Possible projects that can
be done in the near future could consist of researching methods of conserving fuel
consumption at Tower Hill, developing ways to teach Tower Hill’s visitors how they can
limit their environmental impact, or expanding the capabilities of the tool. All of these can
support Tower Hill’s journey in sustainability.

Conclusion

As climate change continues to devastate homes, animals, and people alike, institutions
are beginning to combat their carbon emissions by limiting their energy consumption. In order to
support Tower Hill in limiting their energy consumption, we researched how other institutions
have limited theirs in a sustainable manner, and how they were able to measure their progress in
this over time. We then began to develop ways to manage and monitor Tower Hill’s
environmental impact in these 3 steps:
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1. Establish indicators that are appropriate, useful, and relevant to the institution.

2. Develop a tool based on these indicators to assess current, past, and future sustainability
efforts.

3. Implement the tool at Tower Hill and convey the significance of the tool to Tower Hill’s
staff and visitors.

As a result of these steps, we were able to support them in developing a carbon footprint
assessment tool that calculates Tower Hill’s carbon emissions from their energy consumption
over time. The analysis of their carbon footprint allowed us to identify an increase in their carbon
emissions over past years, where the largest source of carbon emissions was coming from, and
which fuel has been directly contributing to their annual increase. Overall, we helped Tower Hill
be able to manage and monitor their carbon emissions over time and be able to gauge decisions
from the data to sustainably decrease their environmental impact.

Tower Hill has become a trailblazer for many institutions as they begin to change their
facilities and focus to become more sustainable and environmentally friendly. By doing this,
their culture of preservation and conservation of natural beauty can be spread to their employees
and visitors. This focus and awareness will hopefully spread to institutions across the United
States and the rest of this globe. It’s up to institutions and communities to raise environmental
awareness and change the way our society views and fights climate change.
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Expert Interviews

Bancroft Poor, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, April 3rd, 2020.
Jeff Haselton, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, October 7th, 2020.

Sustainability Committee, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, April 9th,
2020.

Sustainability Committee, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, April 27th,
2020.

Sustainability Committee, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, February
27th, 2020.

Sustainability Committee, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, March
26th, 2020.

Sustainability Committee, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, November
13th, 2019.

Sustainability Committee, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, May 5th,
2020.

Sustainability Committee, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, May 7th,
2020.

Sustainability Committee, interviewed by Giovanni Mannino, Eric Lopes, and Jenna Currie, September
12th, 2019.
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Appendix A: List of Conversion Factors

Carbon Impact Conversion Factors Pounds of CO2 per desired unit
Oil 21.201

Gasoline 18.7

Propane 12.61

Diesel 23.018

Water 0.002871

Electricity 0.5582

Table 1: Qil, gas, diesel, and water conversion factors are from the UK Government. Propane

and electricity conversion factors are from the EPA. Both converted to desired units.

33



Appendix B: Images Regarding Tower Hill’s Carbon
Footprint

Month oil Gasoline Propane Diesel Water Electricity

January 5463.70  44.99 1066.30 5.04 43033.33  34224.00

February 3595.70  30.76  853.10 0.00 43033.33  32083.00

March 2814.70 0.00  324.00 0.00 97200.00 28741.00

April 1457.30 4536  436.40  10.97 97200.00  25397.00

May 0.00  46.53 0.00 0.00 97200.00 27447.00

June 0.00  53.24 0.00  10.67 710633.33  41796.00

July 000  47.82 0.00 0.00 710633.33  37938.00

August 169150  60.57 0.00 2117 710633.33  51230.00
September 0.00  42.06 0.00 9.59 242933.33  35268.00

October 0.00 3091 15170  32.05 242933.33  27445.00
November | 3355.60 0.00 313.30  10.85 242933.33  32129.00
December | 246240  41.78 1451.60 0.00 39533.33  38378.00

TOTALS 20840.90  444.02 4646.40  100.34 3277899.97 412076.00

CARBON [441847.92 8303.17 5859110 2309.63  9410.85 230020.82)

TOTALCF | 750483.50|

Season Oil Gasoline Propane Diesel Water Electricity |TOTALS
Winter  [251742.79] 141653 28289.27' 116.010  526.16 53055.79| 335146.56
spring | 30896.22" 2713.93” 6133.50" 498.11” 259835 52828.05| 95668.16
summer | 35861.49” 2813.42"  0.00”7 708.03” 4777.92  69460.18| 113621.03
Fall M123347.42"7 1359.307 24168.337 987.477 1508.42  54676.81| 206047.75

Fuel consumption on a monthly basis within the carbon footprint assessment tool

Winter Carbon Contributions Spring Carbon Contributions Carbon Footprint Contributions
Water Water waer |
Diesel Diesel desel |
wropane [l propane propane [N
Gasoline Gasoline cesoine
000 5000000100000, 00K 50000 00000 ARS0000.000000:00 000 {1000000:20000.00:30000/0040000/00/50000.00'60000.00 0.00 5000000  100000.00 150000.00 200000.00 250000.00 300000.00 350000.00 400000.00 450000.00 500000.00
Summer Carbon Contributions Fall Carbon Contributions
Electicky tlecricry |
Water Water |
Diesel Diesel
Propane eropane [
Gasoline Gasoline

000 000 0020000.080000.00

Carbon Footprint graphs by fuel type on each yearly tab.
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% Increase % Increase % Increase
% Increase % Increase % Increase
5 . . from % Increase from | % Increase from from from
Primary Energy Consumption (Gallons) 2016 Baseline 2017 N from 2018 ) & 2019 N from 2020 N from
Previous ~ Previous Year Baseline Previous - Previous ~
Baseline Baseline Baseline
Year Year Year
Qil 20840.30 22451.83 7.73% 7.73% 22591.00 0.62% 8.40% 23108.30 2.29% 10.88% 5385.90 -76.69% -74.16%
Gasoline 444.02 482.96 8.77% 8.77% 506.58 4.89% 14.09% 1061.23 109.49% | 139.00% 59.08 -94.43% -86.70%
Propane 4646.40 6879.40 48.06% 48.06% 7817.20 13.63% 68.24% 7103.70 -9.13% 52.89% 1701.80 -76.04% -63.37%
Diesel 100.34 63.22 -36.99% -36.99% 116.50 84.28% 16.11% 472.57 305.64% | 370.97% 31.92 -93.24% -68.19%
Water 3277899.97 2430966.67 | -25.84% -25.84% 2507766.63 3.16% -23.49% 2420900.01 | -3.46% -26.14% 0.00 -100.00% | -100.00%
Electricity 412076.00 390507.00 -5.23% -5.23% 410202.00 5.04% -0.45% 394010.00 -3.95% -4.38% 29119.00 -92.61% -92.93%
P f
Carbon Impact Conversion ound% ° CO?
per desired unit
Qil 21.20
Gasoline 18.70
Propane 12.61
Diesel 23.02
Water 2.87E-03
Electricity 0.56
% Increase % Increase % Increase
% Increase % Increase % Increase
— , from % Increase from | % Increase from from from
Carbon Footprint in lbs of CO2 2016 Baseline 2017 % from 2018 3 2019 % from 2020 % from
Previous 4 Previous Year Baseline Previous ¢ Previous i
Baseline Baseline Baseline
Year Year Year
ail 441847.92 476001.25 7.73% 7.73% 478951.79 0.62% 8.40% 489919.07 2.24% 10.88% 114186.47 | -329.05% -74.16%
Gasoline 8303.17 9031.35 8.77% 8.77% 9473.03 4.66% 14.09% 19844.96 52.26% 139.00% 1104.72 -1696.38% | -86.70%
Propane 58591.10 86749.23 48.06% 48.06% 98574.89 12.00% 68.24% 89577.66 -10.04% 52.89% 21459.70 | -317.42% -63.37%
Diesel 2309.63 1455.20 -36.99% -36.99% 2681.60 45.73% 16.11% 10877.57 75.35% 370.97% 734.80 -1380.34% | -68.19%
Water 9410.85 6979.31 -25.84% -25.84% 7199.80 3.06% -23.49% 6950.40 -3.59% -26.14% 0.00 #DIV/0! -100.00%
Electricity 230020.82 217981.01 -5.23% -5.23% 228974.76 4.80% -0.45% 219936.38 .11% -4.38% 16254.23 | -1253.10% | -92.93%
Total (Pounds) 750483.50 798197.34 6.36% 6.36% 825855.86 3.35% 10.04% 837106.05 1.34% 11.54% 153739.91 | -444.49% -79.51%
Metric Tons 340.41 362.06 6.36% 6.36% 374.60 3.35% 10.04% 379.70 1.34% 11.54% 69.74 -444.49% -79.51%
Percent of Baseline 100% 106% 6.36% 6.36% 110% 3.35% 10.04% 112% 1.34% 11.54% 20% -444.49% | -79.51%
% Increase % Increase % Increase
% Increase % Increase % Increase
N N _ from % Increase from | % Increase from from from
Consumption by % of carbon footprint 2016 Baseline 2017 3 from 2018 G X 2019 s from 2020 5 from
Previous % Previous Year Baseline Previous % Previous %
Baseline Baseline Baseline
Year Year Year
Qil 59% 63% 4.55% 4.55% 64% 0.39% 4.94% 5% 1.46% 6.41% 15% -50.07% -43.66%
Gasoline 1% 1% 0.10% 0.10% 1% 0.06% 0.16% 3% 1.38% 1.54% 0% -2.50% -0.96%
Propane 8% 12% 3.75% 3.75% 13% 1.58% 5.33% 2% -1.20% 4.13% 3% -9.08% -4.95%
Diesel 0% 0% -0.11% -0.11% 0% 0.16% 0.05% 1% 1.09% 1.14% 0% -1.35% -0.21%
Water 1% 1% -0.32% -0.32% 1% 0.03% -0.29% 1% -0.03% -0.33% 0% -0.93% -1.25%
Electricity 31% 29% -1.60% -1.60% 31% 1.46% -0.14% 9% -1.20% -1.34% 2% -27.14% -28.48%
Carbon Footprint in lbs of CO2 by season 2016 Baseline 2017 % Increase 2018 % Increase 2019 % Increase 2020 % Increase
Winter 335146.56 342302.14 2.14% 340268.74 -0.59% 315600.48 -7.25% 163888.44 | -48.07%
Spring 95668.16 136290.46 42.46% 112860.48 -17.19% 152822.60 35.41% 0.00 -100.00%
Summer 113621.03 68132.92 -40.03% 85723.22 25.82% 80927.42 -5.59% 0.00 -100.00%
Fall 206047.75 251471.82 22.05% 287003.41 14.13% 287755.55 0.26% 0.00 -100.00%

Overall Energy Usage and Carbon Footprint Tab
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Appendix C: Manual of the Tool

Written Manual:

Located below as well as in WPI digital commons along with this report.

Entering data for a year

This section is for help on entering data for a year tab that already exists.
1. Find and click on the year for which you want to add data. If the year is not visible, press
the left or right facing arrows on the bottom left until it is visible. (Ex. 2020)

" ¥

2 Energy Usage & Carbon Footprint

Annual Carbon Foortprint

PV

17

Carbon Footprint per Source

Car ...

I | L. I
Carbon Footprint% per Source | 2016 2017 2018 2019

Conversion Factors

F

A

A

2. Find the cell in that that corresponds to the month and consumption data you would like
to add data for. (Ex. Gasoline for March)

A E - E F G H

]

2 Month oil Gasoline Propane Diesel Water Electricity

3 January 3563.30 59.08 1701.80 31.92 0.00 29119.00

4 February 1822.60 0.00 804.80 0.00 0.00 0.00
* March ]

6 April

7 May

8 June

9 July

10 August

11 September

12 October

13 November

14 December

15 TOTALS 5385.90 39.08  2506.60 31.92 0.00 23119.00

16 CARBON 114186.47 1104.72 31608.23 734.80 0.00 16254.23

17 TOTALCF |163888.44

10
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3. Enter in the data in the correct units (gallons for oil, gasoline, propane, diesel, and water;
kilowatt hours for electricity) and press enter.. (Ex. 16.47 gallons)

S R R L%

W 0o =] n Ln

10
1
12
13
14
15
16
17

am

A

E

C

D

E F

G

Month

il

Gasoline Propane

Diesel

Water

Electricity

Jlanuary
February
March
April

May

June

July
August
September
October
Movember
December

3563.30
1822.60

16.4

59.08
0.00

31.92
0.00

1701.80
204.80

0.00
0.00

29119.00
0.00

TOTALS

5385.90

59.08

2506.60 31.92

0.00

29119.00

CARBON

114186.47

1104.72  31608.23

734.80

0.00

16254.23

TOTALCF

163388.44|

4. You have successfully input data.

Creating a new year

This section is for help on creating a new tab for a new year that is after the ones appearing on

the table.

1. Find the tab for the year closest to the one you want to add and right click on the tab.. If

the year is not visible, press the left or right facing arrows on the bottom left until it is
visible. (Ex. 2021)

" ¥

b

Energy Usage & Carben Footprint

Annual Carbon Foortprint

In.r r

Carbon Footprint per Source

Car ...
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17

| I | L, | | |
4« » .. | carbon Footprint% per Sourcel | 2016 | 2017 | 2018 20‘9 Conversion Factors | FA ..

Miesel |

Insert...

ER Delete .
ﬁ Rename

Muowve or Copy...

l:n_' View Code .
EZ Protect Sheet... 0
Tab Color ¥
TOT Hid
163 e
Select All Sheets
I ULy PR, i

Click on “Move or Copy...”
nsert

E Delete I

Rename

Muowve or Copy...

T
SaY a8

Yiew Code I
. Protect Sheet...
Tab Color ¥
TOT Hid
163 e
Select All Sheets
EVEw T T a

Click on “Create of Copy” and select the item on the list right below the item that
corresponds to the tab you are copying, then click on “OK”. (Ex. I am copying the tab
named “2020” so I find the item that is right after “2020 on the list, which is “FAQ’s”)
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Mowe or Cogy

Move selected sheets
Ia book:

Tool draft one.dsx

Eelore shesl:
Energy Usage & Carbon Footprint
Annual Carbon Foortprint
Carpon Footprint per Source
Larbon Footprint®: per Source

) 2911l Carbon Footprint per Source ||

2016

1 162H 2017

Electr Cancel

1 1623 L et |

Maove or Copy ?
Move selected sheets

To book:

Toal draft one.xdsy
Before shest:

Carbon Footprints: per Source |l
2016
2m7

(move to end)

2018
3.00] | | 5mg
; 2020

[+ Create a copy

o J—

Move selected sheets
Tobook:
Toaol draft one.xdsx

Before sheet:

Meve or Copy 1 x

Carbon Footprint® per Source ||
Z0e
27
208
29
2020

(move to end)

[+ Create a copy

— [ ] e

T 1

R |

You should immediately be brought to the new tab, which should be the name of the tab

you duplicated with “(2)” after it. (Ex. 2020 (2)) Right click on the tab you are on, click
on “Rename”, and rename the tab to the year you want to add. (Ex. 2021)
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Diesel |1

Insert..

popane | B3 puete I

*" ﬁ Bename

Mowve or Copy..,
=l E‘ Wiew Code I

ad L:: Protect Sheet...

Tab Coler »
LS
— Hide
3344
0,00
U.II.' Select All Sheets
120 | 202wy [UFELS #)

2020 | 2021 | Fags

Select all the tan cells towards the top left of the sheet, then press the “delete” key on
your keyboard. (Ex. The cells in the square between C3 and H14)



2383.30 39.08  2506.60 31.52 0.00 29113,

11418647 1104.72 31608.23 734,80 0.00 16251.23'

15| |TOTALS 000 0.00 000 0.00 0.00 0.00
16| |cARBON 000 0.00 0.00  0.00 0.00 0.00
17 TATAI F I'Il'ld
Go back to the first tab. Click on the left arrow if it is not visible.
! winuer UL U LU i U y u
21 |spring 000 0.0 000  0.00 0.00 0. 0.
Summer 000  0.00 0.00 000 0.00 0. 0
« .| carbon Footprint% per Sourcel | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | Fagss |

Danstha

L SE-US
Electri 0.55
1 | [ | [ [

Energy Usage & Carbon Footprint  Annual Carben Foortprint | carbon Feotprint per Source | Car .. (&)

13
16
17
o
Ready

Go to the end of the first table on the first tab, and select the last 3 columns. Right click
and press “Copy”.
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| H J K L L ! o] | P
1
% Increase %1
% Increase from | % Increase from from nerease
2019 from
Previous Year Baseling Previous _
Baseline
2 Year
3 0.62% B.A0% 23108.30 2.25% 10.88%
4 4.89% 14.09% 1061.23 109.49% | 139.00%
3 13.63% 68.24% 7103.70 -9.13% 52.89%
6 B4.28% 16.11% 47257 305.64% | 370.97%
7 3.16% -23.49% 2420000.01 | -3.46% -26.14%
B 5.04% -0.45% 394010.00 -3.95% -4.38%
il
& Cut

Paste Specal..
Smart Lookup
Inzert...

Lielete...

Clear Contents
Translate

5%
E Cuick Anabyss

Select the cell right after thé end of the top row of the table. (Ex. O2 is the cell at the end
of the top row of the table, so I select P2.) Right click and press “Paste”.

a H i J K L [ M 0 | P
1
% Increase %1 I % Increase %1 i
% Increase from | % Increase from from ncreage: from nerease
2019 from 1 2020 from
Previous Year Baseline Previous o1 Previous :
Bazeline Bazeline
2 Year Year 1
3 0.62% B.AD% 2310830 | 2.29% | 10.88% ! s3esso | -7668% | -74.16%
4 4. 89% 14.09% 1061.23 109.49% | 139.00% 59.08 -94.43% | -86.70%
L1 13 RS AR 1AL TIn: Th 0 130 57 2all 17N & _TR ALl _RA 3T
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o p 4

(B
1 .
crease | m « Options:
‘om e Oy O Oy pflon Dy
eline |—E| |-|_u |.f'r |_J"' |.3f |_l.—g
_— tial... 3
L16% '. Paste (F)
.70% | 2 Smart Lookup
L3T% .
L19% Insert Copied Cells...
0.00% II Delete...
]
ST, Clear Coptents
& guick Amalysis

M | N | © P Q R

. %4 Increase
ase % Increase

i from
1 2020 i from

1 Previous i
ne 1 Baseline

1 Year 1
4 I 5385.90 -76.69% -74.16%
% | 59.08 -94.43% | -86.70%
% , 1701.80 | -76.04% | -63.37%
M 1 3192 -93.24% | -68.19%
1% ! 0.00 -100.00% | -100.00%

i - - i
% _29115.00 | -92.61% | -92.33%_

Select the top cell of the first column of the three you just pasted and type in the year you

are adding on the top bar. (Ex. The top cell of the first column | pasted is cell P2, and |
am renaming it to be 2021)
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10.

%! M Q P o] R

—————————————————————

I % Increase -I 4
el % Increase | % Increase

1 from I Increase

: 2020 ) from 1 2020 from

i Previous ) 1 ) from
- Baseline : Previous Year )

1 Year . ] Baseline
_I 5385.90 -76.69% -74.16% : 31.92 -99.41% -99.35%

| 59.08 -94.43% | -86.70% i 0.00 -100.00% | -100.00%

I 1701.80 -76.04% -63.37% i 29119.00 1611.07% 526.70%
_: 31.92 -93.24% -68.19% I 0.00 -100.00% -100.00%

| 0.00 -100.00% | -100.00% | 0.00 #DIV/0! | -100.00%
_i_ 29119.00 -92.61% -92.93% : 0.00 -100.00% -100.00%

p2 - X v K ZGP_'_I *
H [ ] K

In the next cells in that same column underneath the top row, replace all instances in the

top bar of the old year with the new year. (Ex. I am replacing “2020” with “2021” in

the

se cells.)
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Gy

I J K L P M 0 P
%0
rerease % Increase e lncrease % Increase ‘
wcrease from from from
2019 fram 2020 fram 2021
Baseline Previous ) Previous )
Bazelina Baselina Pr
Year Year
B.A0% 23108.30 2.29% 10.88% 5385.90 -T6.69% | - 31,92
14.09% 1061.23 109.49% | 139.00% 59.08 -594.43% 0.00
68.24% T103.70 -9,13% 52.89% 1701.80 -76.04% 115.00
16.11% 47257 305.64% | 370.97% 31.92 -93.24% 0,00
-23.45% 2420900.01 | -3.46% -26.14% 0,00 -100.00% | - 0.00
-0.45% 394010.00 -3.95% -4,38% 29115.00 -92.61% - 0.00
Goarlyes
| J K L Pl ] 8] P
% Increase % Increase
% Increase % Increase
wcrease from from from
2019 from 2020 from 2021
Baseline Previgus ) Previous )
Bazeline Bazeline E
Year Year
B.40% 23108.30 2.29% 10.88% 5385.90 -76.69%
14.09% 1061.23 109.49% | 139.00% 59.08 -94.43%
68.24% T103.70 -9.13% 52.89% 1701.80 -76.04%
16.11% 47257 305.64% | 370.97% 31.52 -93.24%
-23.49% 2420900.01 | -3.46% -26.14% 0.00 - 100.00%
-0.45% 394010.00 -3.95% -4.38% 29115.00 -92.61%
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11. Repeat steps 7, 8, and 9 for the third and fourth tables with the last 3 columns.

18
19
20
21
22
23
24
25
26
27

20

30
3
32
33
34
35
36
ar

38
39
40
a1
42

47

Pl M o P ] R
% Increase !
% Increase ¥ Increase
from Increase
2020 i from 2021 from
Previous ) i from
Baseline Previous Year i
Year Baseline
114186.47 | -329.05% -74.16% 0.00 L #DIW/ 0! -100.00%
1104.72 -1696.338% -86.70% 0.00 #DIvV/o! -100.00%
21459.70 -317.42% -63.37% 0.00 #DIW/ 0! -100.00%
734.80 -1380.34% -68.19% 0.00 #DIvV/o! -100.00%
0.00 #DIW/ 0! -100.00% 0.00 #DIW/ 0! -100.00%
16254.23 -1253.10% -92.93% 0.00 #DIvV/o! -100.00%
153739.91 | -444.49% -79.51% 0.00 #DIW/ 0! -100.00%
69.74 -444.49% -79.51% 0.00 #DIvV/o! -100.00%
20% -444.49% -79.51% 0% #DIW/ 0! -100.00%
Pl M o P ] R
% Increase ¥
% Increase % Increase
from Increase
2020 i from 2021 from
Previous ) i from
Baseline Previous Year i
Year Baseline
15% -50.07% -43.66% 0% -15.22% -58.38%
0% -2.50% -0.96% 0% -0.15% -1.11%
3% -9.08% -4.95% 0% -2.86% -7.81%
0% -1.35% -0.21% 0% -0.10% -0.31%
0% -0.93% -1.25% 0% 0.00% -1.25%
2% -27.14% -28.48% 0% -2.17% -30.65%
12. Repeat steps 7, 8, 9, and 10 for the fifth (and last) table with the last 2 columns.
J k. L Il
2020 % Increase 2021 % Increase
i 163888.44 -48.07% 0.00 -100.00%
" 0.00 -100.00% 0.00 #DIV/0!
i 0.00 -100.00% 0.00 #DIV,/ 0!
i 0.00 -100.00% 0.00 #DIV/0!

Incorporating a new year into graphs

This section is for help on adding more years into the graphs on the first few tabs of the tool.
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Find the tab labelled “Annual Carbon Footprint”, which should be the second tab.

| | ¥ i

] Energy Usage & Carbon Footprint Annual Carbon Foortprint |

Right click on the graph and select “Select Data...”.

A B C [} E F | & | H | I ] | K L M M
E Cr O = ) 1
3] 500000.00 © BI5855 86 d3710e05 T )
1 73318734 N — 1
4 - B00000.00 750483 50 "‘d:?
5 | = A 2~
s = — = Pigt Area .
. = 70000000 Fill  Outline
T =
=
81 | & so0000.00 |
9 w Delete
:': 5 500000.00 ] Reset to Match Style
LE o
12 E o d] Change Chart Type...
A400000.00 F— 20 R
13 % 995146 56 342302 14 34026874 a £§] Save a5 Templats..
14
15| ’ E 300000.00 25147182 B select Data...
15 bt 20604775 M
=] -~
17 S 200000.00 B — .
18] § Ya621.03 e | umsoas r dF Format Plot Area..
19 100000.00 — i 6813292 N l
21 0.00 O O
2 2016 BASELINE 2017 2018 2015
fr = are oA ew
] Energy Usage & Carbon Footprint Annual Carbon Foortprint | Carbon Footprint per Source car ... & [

éeiect the first item on the left-hand list (labelled “Tower Hill Total Carbon Footprint™)

and click “Edit”.

Select Data Source ? x

- Chart data range: | @

— The data ramge is too complex to be displayed. If @ new range is selected, it will replace all of the series in the
Series panel.

£ _r’ I é':ﬂ Switch Row/Column | )
Legend Entries [Series Harizantal [Categary) Auis Labels
[ e || Seon | Xuwme | o) | Ben
= Towrer Hill Takal Carbon Footpring E 2016 Bazélineg
El  winter Carbon Footpring 2017
] spring carbon Footprint 2 )
F]  summer Carbon Footprint 2019
=]  Fall Carbon Footpring

Hidden and Emgty Cells |I| Cancel

P —— - |
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Select everything in the text box underneath “Series values:” and press “backspace” or

“delete” on your keyboard.

N Series values:

3 [ ox |

Edit Series 1 X
| Serigs pame:
il ="Tawrer Hill Carbon Footpr * = Tower Hill Tot...

A Jsage & Carbon prinl'151825) | * | = 75043350, TUE...

Caniel

Edit Series 1 X
Sefies name:
="Taowrer Hill Total Carbon Footpr * = Tower Hill Tot...

Series values:
| + | =750433.50, 798...

If_y-/ou were- -not taken to the first-éheet, go_fo it, and-i‘ind the third table. V-\-/hile holding the
“ctr]” key on your keyboard, select each cell in the row labelled “Total (Pounds)” only
for columns that correspond to years (white columns) up to and including the year you

want to add and

M25 £

press “OK”. (Ex. Up to 2020)

7
A 8 c p | Fdtseme T L | ) K L M y
14 Diesel 302 Serles pame:
15 Water 2.87E-03 ="Tower Hill Tatal Carbon Footpr |+ | = Tower Hill Tot...
16 Electricity 0.55 Series yalues:
17 “arbon Footprint SM325 #+ | = 750483.50, 798
% Increase % Incr
Cancel % Increase
m | % Increase from from fro
Carbon Footprint in Ibs of CO2 2016 Baseline 2017 - Trom 2018 - 2019 . from 2020
Previous . Previous Year Baseline Previous . Previ
Baseline Baseline
18 Year Year Ye
19 Qil 441847.92 476001.25 7.73% 7.73% 478951.79 0.62% B.40% 489919.07 2.24% 10.88% 11418647 | -329.
20 Gasoling 8303.17 9031.35 8.77% 8.77% 9473.03 4.66% 14.09% 19844.96 52.26% 139.00% 1104.72 -1696
21 Propang 5859110 86749.23 48.06% 48.06% 58574.89 12.00% 68.24% 89577.66 -10.04% 52.85% 21459.70 -317.
22 Dissel 2309.63 1455.20 -36.99% -36.99% 2681.60 45.73% 16.11% 10877.57 75.35% 370.! 734.80 -1380
23 Water 9410.85 979.31 -25.84% -25.84% 7199.80 3.06% -23.49% 6950.40 -3.59% -26.14 0.00 HODINV
24 Electricity 20.82 8101 -5.23% -5.23% 1974.76 4.80% -0.45% 9536.228 -4.11% -1.38% 254.23 | -1353
25 Total [Pounds) 3.50 T98197.34 6.36% 6.36% B25B55.86 3.35% 10.04% 827106.05 1.34% 11.54% 73991 | -4M
26 Metric Tons 340.41 362.06 6.36% 6.36% 374.60 3.35% 10.04% a79.70 1.34% 11.54% 69.74 444,
27 Percent of li 100% 106% 6.36% 6.36% 110% 3.35% 10.04% 112% 1.34% 11.54% 20% -444.
28

Select “Edit” above the right-hand list.

_ Select Data Source

Chart data ramge:

The data range is too complex to be displayed. f a new range is selected, it will replace all of the series in the

= Series panel,

Legend Entries [Series)

£ Switch Row/Column

£ aad EFeat | % Remove
Tower Hill Tetal Carbon Faotprint
Winter Carbon Footprint
Spring Carbon Footprint
Summer Carbon Footprint

El El Bl E] G

n 1l _E

Fall Carbon Footprimt

2016 Baseline
2T
2018
2019

SIS

-

Hidden and Empty Cells

I I— .
112860 48 ok

oK Cancel
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Select everything in the text box and press “ba

| Axis Labels

?

Pt

ckspace” or “delete” on your keyboard.

Axis label range:

=['Energy Usage & Carbon Footp | * | = 2016 Baseling,...
. Cancel | -
EE— e o1 T
C C famd L1
| Axis Labels ? >
Axis label range:
| 4+ = 2016 Baseline, ...

[0 tnrrmnca | |

If you were not taken to the first sheet, go to it, and find the third table. While holding the
“ctr]” key on your keyboard, select each cell in the top row corresponding to each year up
to and including the year you want to add and press “OK”.

M18 - S
s Labels 7 x
n 8 c o | | [ K | L M
14 Diesel 2.02 9 Lxis Iabel range:
15 Water 237E.03 Carbon Footprint 158518 | - 2016 Baseline,..,
16 Electricity 0.55 | ok | canee
17
% Increase % Increase % I
% Increase % Increase|
from % Increase from | % Increase from from fr
Carbon Footprint in Ibs of CO2 2016 Baseline 2017 from 2018 2019 from 2020
Previous . Previous Year Baseline Previous _ Pre
Baseline Baseline
18 Year Year ¥
L] 0il 441847.92 476001.25 7.73% 7.73% 478951.79 0.62% B.40% 489919.07 | 2.24% 10.88% | 114186.47 | -32¢
20 Gasoline 8303.17 903135 8.77% B.7T% 9473.03 4.66% 14.09% 19844.96 52.26% 139.00% 1104.72 -169
21 Propang 5859110 86749.23 48.06% 48.06% 598574.89 12.00% 68.24% 89577.66 -10.04% 52.89% 21459.70 -310
22 Diesel 2309.53 1455.20 -36.99% -36.99% 2681.60 45.73% 16.11% 10877.57 75.35% 370.57% 734.80 -138
23 ‘Water 9410.85 6979.31 -25.84% -25.64% 7159.80 3.06% -23.49% 6950.40 -3.59% -26.14% 0.00 #O|

Select the next item on' t

_| Select Data Source T x
Chart data range: +
‘3 " : .
The data range 15 too complex to be displayed. f a new range is selected, it will replace all of the series in the
= Series panel,

Legend Entries [Seri

Horizantal (Category) Axis Labels

he left-hand list (it will be a season) and repeét step 4.

Eadd @ it W Remowe || | ? Edit
[ Tower Hill Total Carbon Footprint (% 2016 Baseling
] Winter Carbon Footprint [+ 2017
4 [l Spring Carbon Footprint | 1 1
.__ [\ Summer Carbon Footpring [
& [ Fall Carbon Footprint B w0
Hidden and Empty Cells Camcel
-

o T 1S (|
. If you were not taken to the first sheet, go to it, and find the fifth table. While holding the

“ctrl” key on your keyboard, select each cell in the row corresponding to the season in the
column corresponding to years up to and including the year you want to add and press

T FRAN AR
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“OK,’.

Consumption by % of carbon footprint 2016 Baseline . _I from__| L 121 F_EESE | Inu'eas_e fon 2019 fI‘D_I'I'l
Edit Series T X wiousYear Baseline Previous
Series name: Year
Gil 59% ~“Winter Carban Foatprint’ * | = Winter Carbon .., [[0:39% 4.94% 65% 1.46%
Gasoline 1% Seriesvalues: 0.06% 0.16% 3% 1.38%
Propane 8% Caron Footprint 151534 2] - 33514656 342, (0B 5.23% 12% -L.20%
Diesel 0% 0.16% 0.05% 1% 1.09%
Water 1% ceneet | [0.03% 0.25% 1% 0.03%
Electricity 31% 1.46% -0.14% 25% -1.20%
Carbon Footprint in Ibs of CO2 by season Baseline J_ 1 % Increase | _Wy1s | % incresse 20 |% increar L
winter __335146.56__ 1 34730214 2.14% 7 -0.59% 31560048 _ -7.25% 3.44 | -48.07% 7
Spring 95668.16 136290.46 | 42.46% | 11236048 | -17.19% 152822.60 35.41% 0.00 mnH
Summer 113621.03 658132.92 -40.03% 85723.22 25.82% BOS2T.42 -5.59% 0.00 -100.009 LI
Fall 206047.75 251471.82 22,05% | 287003.41 14.13% 287755.55 0.26% 0.00 -100.008—
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11. Repeat steps 9 and 10 for the remaining 3 seasons. Press “OK” once you are done.

| IBdy oy =l |
Select Data Source ? * ¥
F
Chart gata range: ﬂ

The data range is too complex bo be displayed. If a new range is seledted, It will replace all of the sérigs in the
Saries panel. i

| |. : E_-l Swyrtch Ry Colummn ]."
— Legend Entries (Series) . Horizontal [Category) Axs Labels —
= | iTaee r'l}gdl |  Bemove |n | P Edit
] ] Tower Hill Tatal Carbon Footprint 4 2016 Baseline
1|F  winter carbon Foatprint %
[#]  spring Carbon Footprint LA 2ma
]  summer Carbon Footprint b4 2ms
Al Fall Carben Fectprint b1 2020
Hidden and Empty Cells M | cancer
b [ |
900000.00 875855 86 B37106.05
798197 .34 " —
= 800000.00 750483.50
L
—
£ 700000.00
3
[
W 500000.00
L
]
<
O 500000.00
]
=
g 400000.00 335146.56 34230214 3
o 31560048
g B— —i Tl JBT7E5 55
300000.00
L
]
A 200000.00
=
-2
€ 100000.00
0.00
2016 2017 2018 2019 2020
BASELINE
YEAR
—— Tower Hill Total Carbon Footprint —a—Winter Carbon Footprint —ir— Spring Carbon Footprint
Summer Carbon Footprint ——Fall Carbon Footprint

12. You have added a new year to one graph, but there are 3 more graphs. Find the third
sheet labelled “Carbon Footprint per Source”.

27 &: O
28
he [y |

] Energy Usage & Carbon Footprint Annual Carbon Foortprint Carbon Footprint per Source

[=FEL ]
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13. Right click on the graph and select “Select Data...”.

14.

15.
16.

A B (4 D E f G | H | 1 | K L M N
1
- O Cr
3 | CARBON DIOXIDE PRODUCTION PER SOURCE
; B0l mGasoline W Propane Diesel mWater M Electricity
s | | s00000.00 O o o]
[
8 . [2
9_ 0000000 —_— _ Plot Area -

Fill  Cuthine
10
Sl -
0000000 Delete

] Reset to Match Style

0000000 ¢ d]] Change Chart Type...
16 |:|E| Sawve as Template...
17
18 0000000 Hjj Select Data...
19 3

00000.00 A Format Plct Ares...

o=
POLINDS OF, GARBON, [JIOXIDE EQUIVALENT

] Energy Usage & Carbon Footprint annual Carbon Foortprint

1l

Carhon Footprint per Source

Select the first item on the left-hand list (labelled “Oil”) and click “Edit”.

Select Data Source T *
4 Chart data range: 2]
The data range is too complex to be displayed, f a new range is selected, it will replace all of the series in the

Series panel.
1

| F * -la.'.l teh Row/Calumn |

Legend Entries [Seres] Harizontal (Categaory) Axs Labels

|

==

w EF edit

= m| (B 2018 Bascline

Bl Gasaline B am7

EA Prapane E 203

B Diesel |

Bl water W

Hidden and Empty Cells 0K I [ Cancel

|| | | 1 T
Repeat step 4.

If you were not taken to the first sheet, go to it, and find the third table. While holding the
“ctrl” key on your keyboard, select each cell in the row corresponding to the series you
are editing (“Oil” should be the first one) only for columns that correspond to years
(white columns) up to and including the year you want to add and press “OK”. (Ex. Up to
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2020)

A B = D E F G H | J K L M
Pounds of CO2
Carbon Impact Conversion ~ -
per desired unit
10 Edit Series 4
11 ail 21.20
- Series pame:
12 Gasaline 18.70
13 Propane 12.61 *='°"' 3 | =
14 Diesel 23.02 Series yalues:
15 Water 2.87E-08 Carbon Foatprint 15M513 | = 441847.92,4T6...
16 Electricity 0.55 Cancel
17
% Increase % Increase
% Increase % Increase
o ~ from % Increase from | % Increase from from
Carbon Footprint in Ibs of CO2 2016 Baseline 2017 from 2018 2019 from 2020
Previous ) Previous Year Baseline Previous ;
Baseling Baseline
18 x & Year %I Year &
19 =y o 44184792 | 47600025 | 773% | 7.73% 1 4/8951.79 0.62% 8.40% 459%19.07 | 2.04% | 10.88% | 1198647
20 Gasoline 8303.17 5903135 5.77% B.77% 9473.03 4.66% 14.05% 19844.56 52.26% 139.00% 1104.72
21 Propane 58591.10 86749.23 48.06% 48.06% 58574.89 12.00% 68.24% 89577.66 -10.04% 52.85% 31608.23
22 Diesel 2309.63 1455.20 -36.99% 36.99% 2681.60 45.73% 16.11% 10877.57 75.35% 370.97% 734.80
72 Watar [Qa1n RS /aTa 11 <75 2A% 75 RA% T1aq an 2 NR%. <73 9% ROSN an -2 508 IR 14% nnn
17. Repeat steps 6, 7, & 8.
Select Data Source 7 >
4 Chart data range: +

"

B

1

Horizontal (Category) Axis Labels

- The data range is too complex to be displayed. If a new range is selected, it will replace all of the series in the

Baseline

Series panel.

i -

(r &7 switch Row/Column

Legend Entries [Series)

4| {Hadd F7 Edit “ Remove || ~ || = Edit
il Y 2016
Gasoline 27
Propane 28
Diesel 2019
Water v 2020

Hidden and Empty Cells

QK

Cancel

18. Repeat steps 14, 15, & 16 for the remaining items on the left-hand side list. Press “OK”

once you are done.
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Select Data Source ? x |
| i
Chart data range: ="Energy Usage & Carbon Faotprint'!SC51B:5C524, ' Energy Usage & Carbon Foolp T‘
! , )
]f — E Swritch Reow/Column | —
Legend Entries (Series) Harizontal [Category) .l-.m Labels
|| 88aee | Beme | Xgemove |~ ||| EPeon
El  Gasaline a| [ 2016 Baseline
B Propone kd 2017
Bl Diesel EH s
E]  water 1 2019
B Electricity w| [ 2020
Hidden and Empty Cells * oK | Cancel
-— -— 1 1 il
CARBON DIOXIDE PRODUCTION PER SOURCE
HOil ™ Gasoline M Propane Diesel W Water M Electricity
600000.00

00000.00

00000.00

00000.00

00000.00

00000.00

POUNDS OF GARBON DI OXIDE,EQUIVALENT

0.00
2016 BASELINE 2017 2018 2019 2020
YEAR
19. Find the third sheet labelled “Carbon Footprint% per Source”.

27| |
28

qn

4 ¢+ .. Annual Carbon Foortprint | Carbon Footprint per Source Carbon Footprint® per Source carbon .. (&)
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20. Right click on the graph and select “Select Data...”.

21.

22.
23.

A B c v} E F G | H | | | J M

! 4. [
2| T o we= w= [piot Ares Q
3| CARBON DIOXIDE PRODUC" Ffl  Outine
4 1005 © O
5_
j = 50% J Reset to Match Style

—
3_ § 0% r[] Change Chan Type...
190 u% i |'_EI| Save as Template...

= * B Select Data
1 2 com 5 =

1 =
2 [ & 0
12 S om0 o}
14 % r} Eqrma’r Plot Area...
i I e B o]

15 & A% |
16 =

W o305 |
72
18 g 205 |
19 3
20| B 10% |
21

0%
22
23 2016 Baseline 2017 2018 2019
4 v ... | Annual Carbon Foortprint | Carbon Footprint per Source Carbon Footprint™ per Source carbon .. (%) 4

Select the first item on the left-hand list (labelled “QOil”) and click “Edit”.

Select Data Source ? 4

Chart data range: = Energy Usage & Carbon Faotprint'!5C518 Energy Usage & Carbon Footprint 50 %

|"-—' £ switch Row/Column |

Legend Entrigs [Serie

Horizontal [Categary) s Labals

| £ add _' E7 Edit  Bemove " EF edit
or— o
El  Gasoline k] 2017

1 Propane H zma

Bl Diesel | -

B water W

Hidden and Empty Celis

o] | e

Repeat step 4.

If you were not taken to the first sheet, go to it, and find the fourth table. While holding
the “ctrl” key on your keyboard, select each cell in the row corresponding to the series
you are editing (“Oil” should be the first one) only for columns that correspond to years
(white columns) up to and including the year you want to add and press “OK”. (Ex. Up to
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24.

2020)

Diesel

2305.63

1455.20

Series panel,

Legend Entries [Series)

y

Switch Row,/Column

< Remove

ot

4| fEHadd F7 Edit
il
Gasoline
Fropane
Diesel
Water

/oy

"

|

Haorizontal (Category] Axis Labels

-4 The data range is too complex to be displayed. If a new range is selected, it will replace all of the series in the

( &

e 16.11% 10877.57 | 75.35% | 370.87% | 734.80
Water 5110.85 697931 Edit Series ?oX R 23.49% 6950.40 | -3.59% | -26.14% 0.00
Electricity 230020.82 2179814 Series name: i3 -0.45% 21993638 | A% | -438% 16254.23
Total (Pounds) 750483.50 =oir + | - % 10.04% 837106.05 | 1.34% 11.54% | 163888.44
Metric Tons 340.41 ETE T — 3 10.04% 379.70 1.34% 11.54% 74.34
Percent of Baseline 100% 206% | - ipon Foctprintisms31] +] - s, 655, 4o [ 10.04% 112% 1.34% 11.54% 22%
T
% Increase % Increase
% Increase % Increase
from % Increase from | % Increase from from
Consumption by % of carbon footprint 2016 Baseline 2017 . from 2018 . . 2019 . from 2020
Previous Baselin Previous Year Baseline Previous Baselin,
Year Year
oil 59% 63% 4.55% 4.55% 64% 0.39% 4.94% 65% 1.46% 6.41% 1% __
Gasoline 1% 1% 0.10% 0.10% 1% 0.06% 0.16% 3% 1.38% 1.54% %
Propane 8% 12% 3.75% 3.75% 13% 1.58% 5.33% 12% -1.20% 4.13% 4%
Repeat steps 6, 7, & 8.
Select Data Source ? |
4 Chart data range: +

g

- 2016 Baseline
2017
2018
2019

v 2020

Hidden and Empty Cells

Ok

Cancel

25. Repeat steps 22, 23, & 24 for the remaining items on the left-hand side list. Press “OK”

once you are done.
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Select Data Source

7 x

Chart data range: ="Energy Usage & Carbon Footprint'!SC518 Energy Usage & Carbon Footprint'!5[ TI
L . .
fr &5 sustch Row/Column |
L e

Legend Entries [Series] Haorizontal [Categany Axis Labels
| aca [ Fear | Xgemore [~ || Bea
Bl Gasaline al |+ 2015 Baseline
El  Fropane b 2017
Bl Diesel F 2018
B water B 2019
B Electricity w| (Bl 2020

Hidden and Emgty Cells E | cancel |

— . i

100%

90%

80%

70%

60%

50%

A0%

30%

20%

POUNDS OF CARBON DIOXIDE EQUIVALENT

10%

0%
2016 Baseline

CARBON DIOXIDE PRODUCTION % PER SOURCE

2017 2018 2019 2020

Year

B Oil M Gasoline M Propane Diesel W Water M Electricity

26. Find the fourth sheet labelled “Carbon Footprint% per Source II”.

a0
31

22

1 ¢ .. | Carbon Footprint per Source

Carbon Footprint% per Source | Carbon Footprinti per Source Il | 2 ...
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27. Repeat steps 21, 22, 23, 24, & 25.

70%

60%

50%

40%

30%

20%

10%

POUNDS OF CARBON DIOXIDE EQUIVALENT

0%

CARBON DIOXIDE PRODUCTION % PER SOURCE

2016 Baseline 2017 2018 2019

Year

m Qi ®mGasoline ™ Propane Diesel W Water M Electricity

2020

28. You have successfully added a new year into all of the graphs.

Adding new types of consumption data

This section is for help on adding new types of consumption data to be used in carbon footprint

calculation.

1. Obtain the carbon dioxide conversion factor in units of pounds per unit of the data.
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2. On the first sheet, locate the second table. Right click on the bottom cell in the first

column and select “Insert...”.

Paste Special ..

& B
1 ST Smart Loskup .
¥
Insert...
Primary Energy Consumption {Gallat:
Delete...
: Clear C k i |
3 il car Coptents B
4 Gasoling £ Translate A |
5 Propane
5 DiZSE| E Quick Anahysic |
i Water Filter > .'-"_._
g Electricity Sont 5 Il
]
-l Mew Comrment
Carbon Impact Conversion 7 Mew Note
1{3_
1 Qil |_| Format Cells...
12 Gasoline
Pick Fram Drop-down List...
13 | Propane
14 Diesel Defing Mame...
15 Watar @ Link >
16 Electricity N [ [
17
| Calibri ~ 11 <« A" A" % ~ 95 9
, Energy Usage & Carbon Footy B T = & « A 5 - 50 1

3. Select “Entire row” and press “OK”.

i
nsert ? .

n
Insert

() Shift cells right
() Shift cells dawn
®iEntire row

() Envtire ealumn

.

| 413076.00

4. Inthe newly created blank cell in the first column, type in the name of the type of

consumption data (Ex. Example), and in the second column type in the conversion factor.
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(ex. 1 pound of CO2 per 1 unit of Example)

10
1
12
13
14
13
16
17
18

Carbon Impact Conversion Glled e
per desired unit
il 21.20
Gasoline 18.70
Propane 12.61
Diesel 23.02
‘ Water ‘.BTE-I}S
Example 1.00
Electricity 0.55

Go to the sheet corresponding to the year(s) you would like to add the consumption data
for. (Ex. 2020)

In the last column of the first table, right click the top cell and select “Insert...”.

2

[® co
Al B c D E F B somr
1 Iy Paste Options:
2 Month ol Gascline Propane Diesel Water Electricity |"—'1
3 | January 3563.30 50,08 1701.BO 31.52 0.00  29119.0d 0
4 February 1822.60 0.00 804.80 0.00 0,00 0.0 Paste Special...
5 March .
. A Smart Lookup
6 | |april
7| |may >
B8 June
LDelete...
9| |uly
10 August Clear Contents
11 September €% Translate l
12 | October
13 November & Quick Analysis
14 December Filter 3
13 TOTALS 5385.30 39.08 2506.60 31.52 0.00 29119.0M h .
16 CARBOM 114186.47 1104.72 31608.23 734.80 0.00 16254.2: sort ’
(11
17 TOTAL CF mmﬂ £ Mew Comment
18 3
- - - — [ d Mew Mote
19 Season il Gascling Propane Diesel Water Electricity
20 Winter 114186.47  1104.72 31608.23 734,80 0.00 16234.20 u Eormat Cells...
21 Spring 0.00 0.00 0.00 0.00 0.00 0.0 Pick From Drop-down List.
22 Summer 0.00 0.00 0.00 0.00 0.00 0.0
; ] Define Mame... T
1 Carbon Footprint® per Source |l 2016 2017 2018 | 2014
& Link 3

Select “Entire column” and press “OK”.
p—l

El

Insert

Insert

) Shift cells right
() shift cells down

() Entire row

3 X

Cancel

Prinans
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8. Inthe third to last column of the first table, select the last two cells in the table, right click

on one, and select “Copy”’.

FERI] St B0 )

E . F G {'ﬁ, Cut

- (1 copy

ane Diesel Water

Paste Options:
701.80 31.92 1
B04.B0 0.00 1
_}'?-:' Srart Lookup
Insert...
Delete...
Clear Coptents
B Quick Ana SIS
Filter
506.60 31.92 i
508.23  734.80 i Sort

£ Mew Comment

9. Select the second to last cell in the new column (second to last), right click, and select

“Paste”.
F | & Hoo& Cu
[® Copy
Diesel  water i Paste Options:
31.92 0.00 ) '

0.00 coo [T [ [ o

D Sman Lookup
nsert Copied Cglls...
Delete,,

Clear Coptents

B Quick Ana hysas
Filtes
31.92 0.00

734,30 0.00 st

£ Mew Comment

10. Select the last cell in the new column, and remove the text after the asterisk in the text

box at the top.

Wat

e

pa
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suUmM v X v -H13"'Energy Usage & Carbon Footprint'|B17 «
A B = o] E F G [ H | J
; | | | | | |
2 Month ol Gascline Propane Diesel Water Electricity
3 | January 3563.30 59.08 1701.B0 31.52 0.00 259119.00
4 February 1822.60 0.00  804.80 0.00 0.00 0.00
5 March B
[ April
7 | May
B June
9 [ [uly
10 August
1 September
12| |october !
12 MNovember P
14 December
15 TOTALS 5385.90 509.08 2506.60 31.92 U.& 0.00| 29119.00
16 CARBOMN 114186.47 1104.72 31608.23 734.80 III.III|IE-1? 16254.23
17| |totaLce [ svaiuer |
iR

®x o i =H15Y

11. Without clicking on any other cell, go to the first sheet, and locate the second column.
Click on the cell corresponding to the conversion factor for the type of data you are
adding, and press enter.

Cl6 - X v & =H1S*'Energy Usage & Carbon FUUiprirﬂ'lCld

A B = o I
4 Gasoline 444,02 482.96 8.7
5 Propane 464640 GE79.40 48.10
& Dizsal 100.34 63.22 -36.
) Water 327785997 2430966.67 -25.!
] Electricity 412076.00 350507.00 -5
]

Pounds of CO2

Carbon Impact Conversion

per desired unit

10

1 il 21.20

12 Gasoline 18.70

13 | Propane 12.61

14 Diesel 23.02

15 Water \_E-HE_'E?; ]
16 | Example ___Lloo _d
17 Electricity 0.55 1
18
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12. In the second table, select the last 4 cells in the third to last row, right click, and select
‘(.Copy’D.

] RITSIEY WISET O R WL T ki

T Paste Options:
6.60 3152 0.1 c

i
8.23 734.80 0.1

Paste Special..

ne Diesel ater | A2 Smart Leokup
3.23 T34.80 0.1
Insert...
0.00 0.00 o
0,00 0.00 0. Delete,..
o.00 u.oo o Clear Coptents

13. Select the second cell in the second to last column of the second table, right click, and
select “Paste”.

A B ¢ | o | E | F | & A cu

November [® Copy
December ny .

[T Paste Options:
TOTALS 3383.530 39.08  2506.60 31.52 0.00 . - i i i N |
CARBON  [114186.47 110472 31608.23  734.80 n.m:‘ 10 L2 Ok 2 77 (2
TOTAL CF | 163888.44| . ,

Paste (P]
Season il Gasoline Propane  Diesel Wﬂt* A Smant Loskup
Winter 114186.47 1104.72 21608.23 ?34.841:— 0.0y . .
I — Insert Copied Cells...

Spring 0.00 0.00 0,00 0.001 0.00!
Summer 0.00 0.00 (.00 0.00] 0.00] Delete..
Fall 0.00 0.00 0.00 0.00f  0.00) Clear Contents

14. For each of the 4 last cells in that row, select it and remove all of the text after the
asterisk in the text box at the top and repeat step 11.

=SUM(H3:H5) " Energy Usage & Carbon Fmtprint'l‘

E [ F | G H | J
4
&  2506.60 31.32 0.00 0.00 29119.00
‘2 315608.23 T34.80 0.00 0.00 16254.23
+ Propane | Diesel Water Electricity |TOTAL
2 31608.23 734.80 15 l 16254.23] 16388
a 0.00 0.00 0. 0.00 0.00
L1 0.00 0.00 0.00 0.00 0.0:0
L] 0.00 0.00 0.00 0.00 0.00




15. For the top cells in the new rows in both the first and the second tables, type in the name

16.

17.

of the new type of data you are adding. (Ex. Example)

F G H |

e Diesel Water !ample Electricity

L&D 31.92 0.00 25119.00
LEO 0.00 0.00 0.00
160 3192 0.00 0.00 29119.00
1.23 734.80 0.00 0.00 16254.23
12 Dieszel Water |Examp|e |Elecrri|:it",,r TC
.23 734,80 0.00 0.00 16254.23) 1t
100 0.00 0.00 0.00 0.00
1.00 0.00 0.00 0.00 0.00

I 2016 2017 2018 209 2020

Go back to the first sheet. In the last row of the first table, right click the first cell and

select “Insert...”.

F

Paste Special...
Smiart Lookup

Insert..
LDelete...

Clear Contents

Translate

LY
A B I:;
1 B
Primary Energy Consumption (¢
2
3 il -
4 Gasoline »
] Propane
-] Di=sel
T Water
8 Electricity £
L] @
Select “Entire row” and press “OK”.
| | —
[ Insert ? * o
Insert
T O Shift cells right i
T () shift eells down E
1 @iEntire ow =
7 () Entire cal E
] () Entire column i

=]

T2 ™ IEIE IR
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18. In the first cell of the row you created, type in the name of the type of data you are

adding.

.

Primary Enargy Consumption (Gallons)

il

Gasaline

Propane

Di=sel

Water

W0~ Lh B | R

Example

Electricity

10|

19. For the columns corresponding to the years that you are NOT adding data, enter a 0 in
the row for the data type you are adding.

20.

21.

|A c D E F G H | K L M
1
| % Increase % Increase %
% Increase % Increase
. . - from % Increase from | % Increase from from
Primary Energy Consumption (Gallons) 2016 Baseline 2017 from 2018 2019 from 2020
Previous . Previous Year Baseline Previous . |
Baseline Baseline
| | Year Year
3 | Qil 20840.90 22451.83 7.73% 7.73% 225591.00 0.62% B.40% 23108.30 2.25% 10.88% 5385.90
4| Gasoline 444,02 482,96 8.77% B.77% 506.58 4.89% 14.09% 106123 | 109.49% | 139.00% 59.08
5 | Propane 4646.40 6879.40 48.06% | 48.06% 7817.20 13.63% 68.24% 710370 | -9.a3% | 52.89% | 2506.60
6 | Dissel 100.34 3.22 -36.99% | -36.99% 116.50 84.28% 16.11% 47257 | 305.64% | 370.57% 31.92
7 ‘water 77859.97 66.67 -25.84% -25.84% ‘??66.63 3.16% -23.49% 0200.01 -3.46% -26.14% 0.00
] I Example 0.00 0.00 0.00 0.00
2| Electricity 412076.00 390507.00 | -5.23% -5.23% | 410202.00 5.04% -0.45% | 394010.00 [ -3.95% A38% | 29119.00
For the columns corresponding to the year(s) for which you are adding the data type,
. . T . . .
click in the text box at the top and type in “=" and, without clicking on any other cells or
pressing any keys, go to the sheet corresponding to the year you are doing this for, and
selecting the second to last cell of the column corresponding to the data type you are
adding, then press enter.
x « kK = «
B = 2} E F G H | J K L M
% Increase % Increase %l
% Increase % Increase
i . from % Increase from | % Increase from from
ergy Consumption {Gallons) 2016 Baseline 2017 from 2018 2019 from 2020
Previous ) Previous Year Baseline Previous ) il
Baseline Baseline
Year Year
il 20840.90 22451.83 7.73% 7.73% 2259100 0.62% 8.40% 23108.30 2.29% 10.88% 5385.90
Gasoline 444,02 482,96 8.77% 8.77% 506.58 4.89% 14.09% 1061.23 | 109.49% | 139.00% 59.08
Propane 4646.40 6879.40 48.06% 48.06% 7817.20 13.63% 68.24% 7103.70 -9.13% | 52.8%% 2506.60 | -
Diesel 100.34 63.22 -36.99% | -36.99% 116.50 £84.28% 16.11% 472.57 305.64% | 3 31.92 -
Water 3277859.97 | 2430966.67 | -25.84% | -25.84% | 2507766.53 3.16% -23.49% 2420900.01 | -3.46% | -26. 0.00 -1
Example 0.00 0.00 0.00 0.00 = ’_
Electricity 412076.00 350507.00 -5.23% -5.23% 410202.00 5.04% -0.45% 394010.00 | -3.95% -4.38% | 29119.00 | -

For the columns corresponding to “% Increase from Baseline” and “% Increase from
Previous Year” for the years that you are NOT adding a new data type for, type in “N/A”
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22.

23.

24,

in the cells in the row for the new data type.

C o E | F | G | H [ | ! | K L M
% Increase % Increase
% Increase % Increase
) from % Increase from | % Increase from from
wn [Gallens) 2016 Baseline 2017 from 2018 2019 fram 2020
Previous ) Previous Year Baseline Previous i
Baseline Bzaseline
Year Year
20840.90 22451.83 FA ?396 o m 22591.00 0.62% BAD% 23108.30 2.29% 10.88% 5385.90
444,02 48.2.96 S06.58 4.89% 14.05% 1061.23 109.49% | 139.00% 59.08
4646.40 6879.40 7317.20 12.63% 68.24% 7102.70 -9.13% 52.89% 2506.60
100.34 63.22 -36. -3&95% 116.50 B4.28% 1% AT2.5 305. 370.97% 31.92
3277859.97 2430966.6 34‘% 2507766.63 .16% A49% 2420300, 3 14% 0.00
0.00 0.00 NfA NfA 0.00 () N/A 0.00
412076.00 390507.00 | -5 23% -5. 2396 410202.00 5.04% -0.45% 394010.00 | 395% [ A.38% | 29119.00

Select the second cells in the last two columns of the first table, right click, and select
“Copy”_

K L M N & Cuat
- (B3 Copy
% Increase % Increase .
% Increase %ir Paste Options:
from from
3 from 2020
Previous i Previous
Baseline
Year Year

.30 2.29% 10.88% 5385.90 -76.69%
23 109.49% | 139.00% 59.08 -94,43%
70 -9.13% 52.89% 2506.60 -64.71%
37 305.64% | 370.97% 31.92 -93.24%
0.01 ]| -3.46% -26.14% 0.00 ~100.00%
) N/A N/A 0.00
.00 | -3.95% -4.38% 29119.00 -92.61% -

©

A Smant Lookup

|nsert...

alalalalll 2

Delete...

Clear Coptents

o

=| Quick Analysis

Filter >
For the columns corresponding to the “% Increase from Previous Year” for the year(s) for
which you are adding the data type in, select the cell corresponding to the data type, right
click, and select “Paste”.

I S S g4 Cut C
(B Copy
% Increase %Inct - .
- e - %l?rr:;ﬂse - o [T Paste Options:
e Previcus Baseline ” ||:| |,__ | | |_gf’ |._—.._.
Year Ya

———— Paste Special... »

23108.30 2.29% 10.88% 5385.90 -T6.i

H 1061.23 109.49% | 139.00% 59.08 94 0 smart Lockup
: 7103.70 -9.13% 52.89% 2506.60 -64."
i 47257 | 305.64% | 370.97% 31.92 -93.; Insest Copied Cglle...
% 242090001 [ -3.46% | -26.14% 0. -100. Delete...
0.00 i 1Y 1Y 0.00 Clesr Contents
i 394010.00 | -3.95% -4.38% 29119.00 | -92)

£ Quick Analysis
For the columns corresponding to the “% Increase from Baseline” for the year(s) for
which you are adding the data type in select the cell corresponding the the data type and
replace the cell after the “$” sign with the cell that corresponds to the first year that you
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25.

26.

have data for, in the row corresponding to that data type, then press enter. (Ex. | am only

adding in the new data type for 2020, so that will be the new baseline year for that data

Select the first cell in the fourth to last row of the second table. Right click and select

type.)
[N T I’ ='2020'H15
L M ] o]
1
% Increase
% Increase % Increase
from
from 2020 Erevious from
Bas=line Bassline
2 Year
3 | 10.88% 5385.90 -T6.65% -74.16%
4 | 139.00% 59,08 -94,43% -86.70%
5 | 52.89% 2506.60 -64.71% | -46.05%
& | 370.97% 31.92 -53.24% | -68.19%
7| -26.14% \D.Oﬂ -100.00% | -100.00%
E M/ 0.00 #DIv ol #DIV/0!
o | -438% 29119.00 -8261% | -92.93%
={Ma-SCE)/HE8 | (ms-s)/s | =(ME-3MB)/SMS
“Insert...”.
B26 - fo | Bl & Cut
o 8 L& Copy
19 F‘ﬁ Paste Options:
F =

20
21
22
23
24
25
26
27
28
29
30

a4

Carbon Footprint in |bs of CO2

Paste apecial ..

S Smart Look up

il

Gasoline

e

Propane

Lelete,..

Di=sel

Water

Clear Conbents

N

Electricity

=& Translate

Total [Pounds)

Metric Tons

E Chuick Analysis

Percent of Baseline

Filter

Sort

Select “Entire row” and press “OK”.

Insert T *

f| insert

() Shift celis rjght
(2 Shift cells dawm

() Entire column
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27. Type in the name of the data type you are adding in the first cell of the new row.

28. For the remaining cells in the row corresponding to a year (the white cells) select the cell
directly above the empty cell, right click and select “Copy”. Select the empty cell right
below, right click, and select “Paste”. In the text box at the top of the screen, change the
number after the second “$” sign to the number of the row corresponding to the
conversion factor in the second column of the second table for the data type you are
adding. (Ex. 2016)

S LI s N R
B c A Cut
[ mphon
ac
Carbon Footprint in Ibs of CO2 2016 Baselin - Faste Options: 1|
51
oil 441847.92 g
Gasaline 8303.17 ) o
Propane 5859110 | -~ SmartLookup 3
Diesel 2309.63 Insert.. 6.
Water 410,85 -
Example Delete..., |
Electricitv . 230020.82 Clear Contents Bl
A B C & Cut
(B Copy
i i
Carbon Footprint in Ibs of CO2 2016 Baseliy L Paste Options: i
O =
mp (0L [r &2
ail 441347.32 Paste Special... » &
Gasoline 830317 o
Propane 5859110 - >martlockup 3
Diesel __ 130563 Imsert Copied Cells... &
Water _ 410,85 3,
Example Delete... L
Electricity 230020.82 Clear Coptents B
Total [Pounds) T50483.50 = . _3
Metric Tons 34041 = QuickAnalyss 3
Percent of Baseline 100% Filter >
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29.

30.

31.

SUM - X o & | =CaviciT ‘
& B C
10
Pounds of CO2
Carbon Impact Conversion
11 per desired unit
12 il 21.20
13 Gasoline 18.70
4 Propang 12.61
13 Diasal 23.02
16 Water 2_87E-03
17 Example 1.00 .
12 Electricity | 0.55 ]
19
Carbon Footprint in Ibs of CO2 2016 Baseline
20
21 il 441847.92 &
22 Gasaline 8303.17
23 Propane 58591.10
24 Mesel 2309,63
23 Water 5410.85
26 Example =CA*SC51T
-
[ Energy Usage & Carbon Footprint Annual Carbon Fi
Electricity 1 0.55 ]
% Increase % Increase % In
from s % Increase from | % Increase from from Ll fr
Carbon Footprint in lbs. of cO2 2016 Baseline 2017 ~ from 2018 N ~ 2019 ~ from 2020
Previous Previous Year Baseline Previous Pre
Baseline Baseline
‘ear Year ¥
oil 44184792 47600125 | 2.03% AM3% | amuslry 0.62% 8.40% 4gys14.07 | 224% | 10.88% | 114186.47 | -32
Gasoline 8303.17 903135 8.77% B.77% 9473.03 4.66% 14.05% 19844.36 52.26% 139.00% 1104.72 165
Propane 58591.10 86749.23 4B.06% 48.06% SB574.89 12.00% 68.24% 89577.66 | -10.04% | 52.89% 31608.23 | -18
Diesel 03,63 455.20 | -36.99% | -36.99% 58160 45.73% 16.11% 877.57 | 75.35% | 370.9 734.80 | -136
Water 10.85 79.31 | -25.84% | -25.84% 99.30 3.06% -23.49% 5040 | -3.58% | -26.14% 0.00 4D
Example 0.00 .00 0.00 0.00 0.00
Electricity 230020.82 2179801 | -5.23% -5.23% | 22857476 4.80% -0.45% 219536.38 | -4.11% | -4.38% | 16254.23 | -128
Total (Pounds) 750483.50 738157.34 | 6.36% 6.36% | 225855.86 3.35% 10.04% 337106.05 | 134% | 11.54% | 153z83.44 | -41
Metric Tons 340.41 362.06 6.36% 6.36% 374.60 3.35% 10.04% 379.70 1.34% 11.54% 74.34 -4
Percent of Baseline 100% 106% 6.36% 6.36% 110% 3.35% 10.04% 112% 134% | 11.54% 22% -41

For the cells in the new row corresponding to “% Increase from Previous Year” and “%
Increase from Baseline” corresponding to years to which you are NOT adding the new

data type, type in N/A.

For the cells in the new row corresponding to “% Increase from Previous Year”

corresponding to years to which you are adding the new data type, select the cell directly

above the empty cell, right click, select “Copy”. Select the empty cell, right click, and

select “Paste”.

For the cells in the new row corresponding to “% Increase from Baseline” corresponding

to years to which you are adding the new data type, select the cell directly above the
empty cell, right click, select “Copy”. Select the empty cell, right click, and select

“Paste”. In the text box at the top, replace the cell after the “$” symbol with the cell for
the first year that you have data for the new data type. (Ex. 2020)
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M N
e % Increase
2020 om
Previous
e
Year
€ | 11318047 | -329.05%
% | 1104.72 |-1696.38%
Kk | 3160823 | -183.40%
% | 734 1380.34
% 0.00 /ol
0.00 |
16254.23 | -1253.10%
"3 1£3000 A Arn Toll
| M | owml A
@
&
% naBp
e from

PrevioL

Year }:'

114186.47 | 329,05

1104.72 | -1686.38

31608.23 | -183.40

734,80 | -1380.3¢

0.00
0.00

-!fql &

15254.23 | -1253.1

16388844

-410.78

,® Smart Lockup
|nsert...
Delete..,

Clear Coptents

B Quick Analysis
Filter

Lut
Lopy

Paste Options:

N
fIEI L Lk L 7

Paste Special...
Smart Lookup

Insert Capied Cglls...
Delete...
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Filtes

Sourt

=
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w |

“ ; [ Copy

Paste Options
% Increase
58 % Incr
from
2020 ) fro
Previous
-
e Yaar Base A Srmart Leakep
P | 11418647 | -309.05% | -4 Insedt..
] 1104.72 -1696.38% | -86. N
i Delete...
B 31606.23 | -183 -46.1
] 734,80 -1380. =GB, Clear Coptents
% 0.00 goivfol | -a00. . Oick Analy
= i nNanyss
0.00 #D1v /ol :
; 16254.23 [ -1253.10% | -92.« Filter b
[ 4
B 163282.44 | -410.78% -7B.. Sort 3
B 74.34 -410.78% | -7B.
B 2% -210.78% | -78. S Mew Comment
'] Bew More
SUM w > v
o E F | 4 K L M M Q0
17
18
19
% Increase % Increace % Increase 5% Increase % Increase % Incrasse
from % Increase from | % Increase from from from
037 i from 2018 i _ 2019 i from 2020 _ from
Previous Previous Year Baseline Previous Previous
Baseline Baseline Baseline
0 Year Year Year
21| 4600125 1.73% 1 13% 478951, /Y 0.62% 3.40% AHEYI0S 2.24% 10.88% 114186.47 | =329.05% -14.15%
az 9031.35 8.77% 8.77% 5473.03 4.66% 14.09% 13844.96 52.26% 135.00% 1104.72 | -1696.38% | -86.70%
23| B86749.23 48.06% 48.06% 98574.85 12.00% 68.24% 839577.66 -10.04% 52.89% 31608.23 -183 40% -46.05%
24 145520 -36.99% -36.99% 2681.60 45,73% 16.11% 10877.57 75.35% 370.9 34,80 -1380.34% | -68.19%
25 5979.31 -25.84% -25.84% 7195.80 3.06% -23.49% 655950.40 -3.59% -26.14% 0.00 eDiv/ol -100.00%
2E|| 0.00 NfA WA 0.00 N/ Wi 0.00 N N/A 0.00 #Iv/o! |sM26
27 | 217981.01 -5.23% -5.23% 228974.76 4.80% -0.45% 219936.38 -4,11% -4,38% 16254.23 | -1253.10% | -92.93%
28| 798197.34 6.36% 6.36% 825855.86 3.35% 10.04% 837106.05 1.34% 11.54% 163888.44 | -410.78% -78.16%
29 362.06 6.36% 6.36% 374.60 3.35% 10.04% 379.70 1.34% 11.54% 7434 -410.78% -78.16%
30 106% 6.36% 6.36% 110% 3.35% 10.04% 112% 1.34% 11.54% 22% -410.78% -78.16%
31
= 2e ]
32. Select the last cell in the first column of the fourth table. Right click, and select
13 ” 33 . E3] 113 E)
Insert...”, then select “Entire row” and press “OK”.
A B C D E F G H | J K L M
26 Example 0.00 0.00 N/A NfA 0.00 N/A N/A 0.00 N/A N/A 0.00 #
27 Electricity 230020.82 21798101 | -5.23% -5.23% 228974.76 4.80% -0.45% 219936.38 | -4.11% -4.38% | 16254.23 | -1
28 Total [Pounds) 750483.50 798197.34 6.36% 6.36% 825855.86 3.35% 10.04% 837106.05 | 1.34% 11.54% | 163888.44 | 4
29 Metric Tons 340.41 362.06 6.36% 6.36% 374.60 3.35% 10.04% 379.70 1.34% 11.54% 74.34 -4
30 Percent of Baseline 100% 106% 6.36% 6.36% 110% 3.35% 10.04% 112% 1.34% 11.54% 22% -4
31
32
% Increase % Increase %
% Increase % Increase
B B ~ from % Increase from | % Increase from from
Consumption by % of carbon footprint 2016 Baseline 2017 R from 2018 N B 2019 B from 2020
Previous . Previous Year Baseline Previous ~ Pi
Baseline Baseline
33 Year Year
34 il 59% 63% 4.55% 4.55% 64% 0.39% 4.94% 65% 1.46% 6.41% 15% -
35 Gasoline 1% 1% 0.10% 0.10% 1% 0.06% 0.16% 3% 1.38% 1.54% 0%
36 Propane 8% 12% 3.75% 3.75% 13% 1.58% 5.33% 12% -1.20% 4.13% a%
37 Diesel 0% 0% -0.11% -0.11% 0% 0.16% 0.05% 1% 1.09% 1.14% 0%
38 Water 1% 1% -0.32% -0.32% 1% 0.03% -0.29% 1% -0.03% -0.33% 0%
39
40 Electricity ¥ 31% 29% -1.60% -1.60% 31% 1.46% -0.14% 29% -1.20% -1.34% 2% =
a

33. In the first cell in the new row, type in the name of the new data type you are adding.
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34. For every remaining cell in the new row, select the cell directly above it, right click and
select “Copy”. Select the cell right below it, right click, and select “Paste”.

% Increase % Increase % Increase
% Increase % Increase % Increase
~ . . from % Increase from | % Increase from from from
Consumption by % of carbon footprint || 2016 Baseline | 2017 | , "M | from 2018 | e | Baceline 019 | o | from 2020 | | from
Baseline Baseline Baseline
Year Year Year
oil 59% 63% 4.55% 4.55% 64% 0.39% 4.94% 65% 1.46% 6.41% 15% -50.07% -43.66%
Gasoline 1% 1% 010% | o010% 1% 0.05% 0.16% 3% 138% | 154% 0% 250% | -096%
Progane 8% 12% 375% g 375% 13% 158% 533% 12% 120% | 413% % 772% | -360%
Diesel 0% 0% 1 1% 0% 0.16% 0.05% 1% 1 1a% . 21%
Water ‘ 15 1% 1% 0.03% -0.29% % 03% 25%
Example 0% 0% 0.00% 0.00% 0% 0.00% 0.00% 0% 0.00% .00% 0% 0.00% 0.00%
Electricity 31% 29% | -160% | -160% |  31% | 146% |  -014% | 29% | -120% | -134% 2% 27.14% | -28.48%
b b b (13 2
35. Go to the third sheet. Right click the graph and select “Select Data...”.
Cr Cr 0
CARBON DIOXIDE PRODUCTION PER SOURCE
B Ol ®mGasoline W Propana Diesel ®Water W Electricity j
60000000 C o o Z 1
— Plot Area -
Fill Qutling
D0000.00 [
Delets

DO000.00

00000.00 C

00000.00

DO000.00

POLINDS OF,GARBON, DIOXIDE EQUIVALENT

] Energy Usage & Carbon Footprint

Annual Carben Foortprint

36. Select “Add” above the left-hand side list.

Seect Data Source

Carbon Footprint per Source

] Reset to Match Style

il Change Cha
I:E Save as Temy

ot Type...

plate...

* B Select Data...
~

r} Eormat Plot

BArea,..

car ... (&

?

x

Chart data range: | ='Energy Usage & Carban Footprint 13052030325, Energy Usage & Carbon Footp #

Lege ries [Series)

— | &5 switch Row/Column

I— .."l

Horizontal [Category) Axis Labels

Qil
Gaseline
Propane
Diesel
Water

KRR EDE]

(= aod EF Edit ¢ Remave
- )

Bl ElElE E]

=N

2016 Bazeling

Hidden and Empty Cells

Cancel

I 1 oo 1
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37.

Edit Series
" Seres name;:
4 Example|
Series yalues:
=0

s

[oe ]

7 x 1

El Select Range —
3] -

Cancel

38.

In the first box, type in the name of the data type you are adding.

In the second text box, delete all the text. Go to the first sheet. While holding control,

select only the cells in the third table in the row corresponding to the data type you are

15 Diesel 23.02
16 Water 2.87E-03 et Series ; «
17 Example 1.00
18 Elactricity 0.55 Series pame:
19 Example 4| = Example
Series yalues: e — %
Catbon Faslprint 1SMS26 + =1 % Increase
Carbon Footprint in Ibs of CO2 2016 Baseline 2017 _| T Increns_e o 2019 o from 2020
E Cancel | JusYear Baseline Previous | F
20 Year seline
21 oil 441847.92 47600125 | 7.73% 7.73% | 4799579 0.62% B.40% 489519.07 | 2.24% | 10.88% | 11418547 | -
22_ i 8303.17 903135 B.77% B.77% 9473.03 4.66% 14.05% 19844.96 52.26% 139.00% 1104.72 1
23 Propane 58591.10 86749.23 48.06% 48.06% SB574.89 12.00% 68.24% 89577.66 | -10.04% | 5289% | 31608.23
24 Diesel 2309.63 .20 -36.99% -36.99% 2681.60 45.73% 16.11% 0877.57 75.35% 370 734.80 ]
25| Water 10,25 .31 | -25.84% | -25.84% 39,50 3.06% -23.49% .40 | -3.59% | -26.04% 0.00 |
26 Example 0.00 0.00 N/A NfA .00 N/A N/A .00 NfA NfA 0.00 i
27 Electricity 230020.82 21798101 | -5.23% | -5.23% | 228974.76 4.80% -0.45% 219536.38 | -4.11% | -4.38% | 16254.23 |
28| Total |[Pounds] T50483.50 TIE197.34 | 6.36% 6.36% | £25855.86 3.35% 10.04% 237106.05 | 1.34% | 101.54% | 163ssaad | -
29 Metric Tons 041 362.06 6.36% 6.36% 374.60 3.35% 10.04% 379.70 1.34% | 11.54% 74.34
. b (13 2
39. Go to the fourth sheet. Right click the graph and select “Select Data...”.
o 0 0
IU[m - {n - E:?v
@ —— = Plot Area -
Fill  Outline
= 90 | T T
= 1 u
g || .
= 80% | let
= Delete
=2 L=
| 7| Reset to Match Style
g 70% i
E‘ |:|]] Change Chart Type...
= 60%
o ﬁ Save as Template..,
= 2
S0% 0O
L & HY Sselect Data...
= A0% 0
= -
L
"O" 305 i FormatPlot Area...
=1 [
= M
=2
Q
B 10%
05
N 2016 Baseline 2017 2018 2019 2020
[ annual Carbon Foortprint | Carbon Footprint per Source Carbon Footprint® per Source carbon ... (%) q

40. Select “Add” above the left-hand side list.

41. In the first box, type in the name of the data type you are adding.

42. In the second text box, delete all the text. Go to the first sheet. While holding control,
select only the cells in the fourth table in the row corresponding to the data type you are
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43.

44,
45,
46.

addlng, corresponding to years. Press “OK”, and then “OK” agam

3
32

33
34
35
36
ar
38
340
40
4

=T -- B I - R B PR LR R

=3

o | &

| wows ) weowns

Edit Series 7 ke
Senes pname:
% Increase %
. . _ Example 4 | = Example e from | % increase from trom % Increase
Consumption by % of carbon footprint 2016 Baseline 2017 | series yalues: Ever o 2019 e from 2020 -
Carban Footprint' 15538 + | = 0% 005, 0%, O Year Baseline
oil 59% 63% | [ox ]| cance 4.93% 65% 145% | 6.41% 15%
Gasaline 1% 1% | 1% 0.16% 3% 138% | 1.54% 0%
Propane a% 12% 3.75% 3.75% ‘ 13% 1.58% 5.33% 1% -1.20% 1.13% A%
Diesel 0% 011% | -0.11% 0% 0.16% 0.05% 1% 109% | 1.14% 0%
Water ‘1% % -032% | -0.32% 1% 0.02% -0.29% ‘ 1% -0.03% -0.337‘ 0%
Example 0% 0% 0.00% 0.00% | 0% 0.00% 0.00% 0% 0.00% 0.00% 1 0%
Electricity 31% 9% SL60% | -Le0% | 1% 1.46% 0.04% | 29% 120% | -134% | 2%
Go to the fifth sheet. Right click the graph and select “Select Data...”.
Al B C D E F G [ H [ I [ ] K L M N
Cr O O |
CARBON DIOXIDE PRODUCTION % PER SOURCE o, .
— _ Plot frea -
0% O O Fill  Qutiine
. Y
E 60% Delete
S
= B Fesetto Match Style
= |
50%
E {tl l::hange Chart TH:E...
L
% AD% |:|E| Save as Template..
=1 B Select Dats...
=
> 2 30% 0
=
E HP Eormiat Plot Area..
S 20%
(73]
(=]
s
o 10%
&

2016 Basaline

2017

2018

b .. | Carbon Footprint per Source

Carbon Footprinlt% per Source

Select “Add” above the left-hand side list.
In the first box, type in the name of the data type you are adding.
In the second text box, delete all the text. Go to the first sheet. While holding control,

select only the cells in the fourth table in the row corresponding to the data type you are
addlng, correspondmg to years. Press “OK”, and then “OK” agaln

31|
32

| wows ) weowns

2019

Carbon Footprint3 per Source Il | 2

2020

® ‘

Edit Series 7 x
Senes pame:
Example 4 | = Example Dl % Increase &
Consumption by % of carbon footprint 2016 Baseline 2017 series yalues: :Y:::“ * In;:::ls:‘:rom 2019 Pr:\rﬂir:us from 2020 -
Carban Footprint!SM539 + | = 0%, 0%, 0%, 0%... Vear Baseline
oil 59% 63% | [Cox ]| conca 4.98% 65% 146% | 641% 15%
Gasoline 1% 1% o 0.16% % 138% | 1.54% 0%
Propane g% 12% 3.75% 3.75% 13% 1.58% 5.33% 12% -1.20% 4.13% A%
Diesel 0% -0.11% -0.11% 0% 0.16% 0.05% 1% 1.09% 1.14% 0%
Water ‘1% w 032% -n.azT‘ 1% 0.03% 0.29% ‘ % 0.03% -0.337‘ 0%
Example 0% 0% 0.00% 0.00% 0% 0.00% 0.00% 1 0% 0.00% 0.00% 0%
Electricity 31% 29% SL60% | -Le0% | 1% 1.46% 0.04% | 29% 120% | -134% | 0%
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Video Manual:

Located in WPI digital commons along with this report.
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Appendix D: Interview Questions for Mass Audubon

10.

What is your role at Mass Audubon?

We’ve seen the types of projects Mass Audubon has done with different buildings of
theirs. Have you been involved in any of these?

Tower Hill is a non-profit like Mass Audubon. Was it difficult in receiving financial
backing from companies and the local state government for these sustainability projects?
Moreover, conserving energy is a major aspect of limiting a facility’s carbon footprint.
Mass Audubon has seemed to have done a great job at this as 63% of their energy comes
from renewable wind energy while 37% in solar. What were the steps like for the
organization to acquire these types of energy? Especially as a non-profit?

We noticed on your website, it mentions annual carbon emissions decreasing. Are you
accounting for carbon sequestration in that? What program are you using to calculate
that? Can you show us the raw numbers used?

We saw an article on your website on capturing carbon in Mass Audubon forests. Can
you tell us how that’s calculated?

Does each location (conservation/sanctuary) calculate their carbon emissions and
sequestration separately or is it done all together from the start?

Are you able to get us conversion factors that Mass Audubon uses in calculating their
carbon footprint, so we can compare our conversion factors?

Any recommendations or considerations you have for Tower Hill? Maybe in terms of
some projects you believe are applicable for Tower Hill?

Are there any other local institutions that are investing heavily into sustainability and
renewable energy? Any non-profits that should be considered when trying to invest into
renewable energy (ie. Green Energy Consumers Alliance)?

79



