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Abstract

The global agri-food system accounts for about 37% of total annual greenhouse gas (GHG) emissions, and the agri-food Small and Medium
Enterprises (SMEs) share is quite significant. Therefore, it has created an urgency for GHG reporting and management improvements. However,
most tools available for GHG accounting are complex to utilize and expensive for SMEs to access. The methodology adopted in this study
consists of a literature review of GHG emissions and measurement methods, an evaluation of the GHG Protocol and tool development of a GHG
emission calculation tool. The literature review reveals that there has not been much research on the accuracy and position of emissions in agri-
food systems, particularly in the value chain. Therefore, this paper reviews the existing GHG calculation tools focusing on the GHG Protocol.
This work establishes a sector-specific calculation tool for the agri-food sector. The tool was designed following the most widely used standard,
the GHG Protocol, alongside evaluating a local agri-food business to ensure a sector-specific assessment. The tool will not only support businesses

in reducing GHG emissions in the environment and contribute to their emissions reduction plans and monitoring progress over time.
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1. Introduction

Food production contributes to the emission of various
greenhouse gases (GHG) into the atmosphere, including
methane (CH4), carbon dioxide (CO;), and other gases that
cause global warming. These gases are trapped in the
atmosphere and can contribute to various environmental, and
health, and most importantly climate change issues [1].
Industries not only pursue sustainability for these reasons but
also to target cost and waste reduction by increasing the
efficiency of their operations and increasing their competitive
advantage by reaching out to new customers. In addition, most
industries also value sustainability because of its long-term
success and viability [2].

The urgency for change has been feeding into the industrial
sector, from the scientists to the mainstream government; the
ideas have then been incorporated into various businesses and
academic thinking [4]. Creating a sustainable industrial system
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will require new frameworks, tools, and strategies, forming a
systematic design approach that presents sustainable
manufacturing, organizational change and a new supply chain
design [5]. There is a need for guidance on GHG emissions
accounting for small and medium-sized enterprises (SMEs) that
are just beginning their path towards sustainability. The
capacity of smaller enterprises to collect and report their
emissions poses a significant obstacle [6]. Developing a tool for
SMEs that quantifies and tracks embodied emissions in this
field can decrease GHG emissions into the environment and
help deliver better quality food by creating enhanced
supply chain routes. This paper aims to develop a carbon
accounting tool specific for SMEs in the agri-food sector to
measure and manage GHG emissions in their supply chains
using the GHG Protocol calculation method. It will include the
application of the tool on a local agri-food company to validate
the tool and ensure its functionality.
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2. Review of Agri-Food Systems GHG Emissions

Scientists estimated that global GHG emissions reached an
all-time high in 2019 [7]. Industrial sectors contribute
significantly to global climate change through their GHG
emissions [8]. According to the IPCC 5th assessment report, the
industrial sectors consume around 19% of the total energy and
contribute 30% of the total GHG emissions. Currently the
global community is interested in the Paris Agreement, an
international, legally enforceable agreement on climate change
to keep global warming at or below 1.5°C. To achieve this long-
term climate goal, countries seek to reduce global GHG
emissions as quickly as possible and create a climate-neutral
environment by the middle of the century.

The global agri-food system emissions account for about
37% of total annual GHG emissions [6]. The biggest
contribution comes from land use and production activities
(71%), with the remainder coming from supply chain activities,
including retail, transportation, consumption, fuel generation,
waste management, industrial operations, and packaging [9].
Halocarbons and CO; from burning fossil fuels are the primary
sources of potential global warming contribution [10]. The two
main ways industrial sources contribute to GHG emissions are
burning of fossil fuels for energy and emissions from industrial
processes.

By 2050, food-related emissions are projected to increase by
up to 30%, indicating an urgent improvement in sector-specific
solutions [11]. Despite this, there is a lack of sector-specific
studies on the standing and accuracy of agri-food systems scope
3 emissions [6]. Blanco urges further research into sector-
specific supply chain emissions by examining scopes 1, 2, and
3 reporting by food and beverage processing businesses [12]. In
addition, to the insufficient reporting of Scope 3 emissions,
there are clear indicators to reduce their impact on climate
change, the agri-food sector must enhance its GHG emissions
reporting and management. Sector-specific guidance is
required for more accurate emission reporting by businesses in
the food chain that can be easily implemented to calculate
emissions from categories with the highest GHG consumption
[13]. A study conducted using 2018 data from 153 food
processing companies identified purchased goods and services
as the most relevant scope 3 category, followed by downstream
and upstream transport and waste generated in operations [6].

The major challenge businesses face while effectively
reducing corporate emissions is obtaining emissions data from
vendors and customers [14]. Data is critical when calculating
and measuring emissions, especially in the company's emission
sources, which contains direct and indirect emissions from its
supply chain [6]. Regarding the food industry, it is still
unknown how accurately corporations report emissions linked
with their production, particularly agricultural and land-use
emissions from agricultural production. Companies must
account for these indirect emissions to analyze the most
significant emission sources properly and target the most cost-
effective mitigation measures first, so allocating scarce
resources where they will have the most significant impact [15].

3. Decarbonation and GHG Measurement

Decarbonization refers to the process of carbon reduction. It
involves an economic system that compensates for and reduces
the emission of CO; into the atmosphere; the process contains
various steps. The initial step to decarbonization is recognizing
the company’s baseline and potential by measuring the GHG
emission consumed by the company. Next, creating and
announcing the targets that should then be followed and the
strategies and programs for decarbonization should then be
deployed. Lastly, the business’s internal and external
environment changes should be monitored and adjusted where
appropriate.

3.1. Measuring GHG Emissions

Effective and precise climate action requires identifying and
quantifying GHG emissions and their sources contributing to
climate change [16]. Therefore, multiple calculation metrics
have been developed to quantify carbon footprint. The main
two methods are GHG Accounting and Life Cycle Assessment
(LCA) which are compared in Table 1.

Table 1 Comparison of Different Measuring Methods [17]

GHG Accounting using
(GHG Protocol)

Life Cycle

Assessment

Direct and indirect operations o
. ) Product or service life
Scope of the business’s entire value
) cycle
chain
Multiple metrics

Quantification GHG emissions

Lifespan of the product

Timeframe Annual o
. GHG protocol — * ISO 14040 —
Standards Corporate Standard LCA

. ISO 14044- LCA
. PAS 2050-1

. ISO 14064 —
organizational GHGs

LCA measures how much a product or service influences the
environment. It covers every step of the product or service's
supply chain, from cradle-to-grave. As a result, the product life
cycle accounting and reporting standard can be applied to grasp
a single product's whole life cycle emissions and concentrate
efforts on the highest GHG reduction potential. The World
Resources Institute and the World Business Council for
Sustainable Development published the GHG Protocol to set
worldwide frameworks for measuring and managing GHG
emissions from corporate and public sector activities, value
chains, and mitigation initiatives. The GHG Protocol is the
most extensively utilized strategy for managing and mitigating
GHG emissions at the company level [18].

3.2. Existing Measuring tools

The GHG Protocol has several resources and tools
accessible online, which include standardized guidance reports
and tools. Some sector-specific calculation tools are accessible
such as cement, aluminum, iron, and steel but not specific to the
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agri-food sector [19]. In addition, GHG Protocol has developed
guidance for the agricultural sector called “GHG Protocol
Agricultural Guidance”. This guidance contributes to increased
consistency and transparency in GHG accounting and
reporting. However, due to the wide range of agricultural
subsectors, this guidance tries to create an overarching
framework that may be used by all subsectors [20]. Other tools
like SimaPro and GaBi are software programs that use the LCA
approach to measure a product’s sustainability [21]. However,
these tools are not ideal for SMEs as they are costly and demand
higher input data than the GHG calculators [22].

Regarding the agriculture field alone, a review mentions that
several GHG calculators for calculating emissions from
specific crops or entire farms have arisen in the public domain,
and large businesses may have customized many more for "in-
house" usage. These tools are computational models with
embedded data that may be adjusted to produce a customized
assessment of GHG emissions for a given crop and user [21]. A
study reviewed 11 tools in which The Cool Farm Tool was
identified as the most highly regarded, freely accessible, and
recommended tool for single crop evaluations [21]. The Cool
Farm Tool was developed in Excel by incorporating various
global empirical models into a GHG calculator [23]. It is a
successful software tool that qualifies on-farm GHG emissions
and soil carbon sequestration [24]. Furthermore, PalmGHG tool
allows producers to calculate the GHG balances of oil palm
products. It quantifies the key sources of emissions and
sequestration for a palm oil mill and its supply base [25][26].
The main research gap has been identified during the literature
review as a lack of research evaluating and measuring
consumed emissions specific to the agri-food sector.

4. Greenhouse Gas Protocol

GHG Protocol is meant to establish a global standardized
framework that is comprehensive by measuring and managing
the emissions of GHG from operations of public and private
sectors, mitigation actions, and value chain [27]. The GHG
Protocol is categorized into three different scopes depending on
the emission source [28].

4.1. Scopes of the GHG Protocol

As stated by the GHG Protocol’s Corporate Accounting and
Reporting Standard, GHG emissions are categorized into three
scopes. Direct GHG emissions from sources within a business’s
control or ownership are considered scope 1 emissions, which
include combustion-related emissions from boilers, furnaces,
and vehicles. Scope 2 emissions are indirect GHG emissions
associated with purchasing energy, steam, heat, or cooling.
Scope 3 emissions are the operational computation from assets
the business does not own or control but implicitly touches in
its value chain [29]. All businesses should quantify scope 1 and
2 emissions when reporting and disclosing GHG emissions.
However, according to the GHG Protocol, scope 3 emissions
quantification is unecessary. On the other hand, more
companies are looking deeper into their value chain to

understand the overall impact of their activities on GHG
emissions. Furthermore, while scope 3 emission sources may
account for the bulk of an organization’s GHG emissions, they
frequently present chances for emissions reduction. Although
the organization has no control over the emissions, it may be
able to influence the actions that cause the emissions [28].

There have been a few existing agriculture tools, however,
extensive research showed no tool tailored toward the agri-food
sector to collect and measure emissions. To identify and report
GHG emissions in agri-food, an approach following the GHG
Protocol’s Corporate Accounting and Reporting Standard
framework was taken to develop a GHG inventory. This
included evaluating a local agri-food company as a baseline
and validating the tool while ensuring its functionality.

4.2. GHG Inventory Design

Companies can discover potential emissions reductions and
set reduction objectives based on reliable baseline data by
developing a companywide GHG inventory [28]. A GHG
inventory is a list of emission sources and the associated
emissions quantified using standardized methods giving a
broad overview of a company's overall emissions [30]. Step-by
-step process is described in Sections 4.3 and 4.4.

4.3. Define Business Goals

To maintain long-term success in a competitive business
environment and to be ready for future national and regional
climate legislation, SMEs in the agri-food field must be able to
evaluate and manage their GHG risks.

4.3.1. Supply Chain Evaluation

The local agri-food company’s entire supply chain was
completely evaluated before designing the GHG inventory to
determine a baseline for businesses in the field. The entire
network of all the individuals, organizations, resources,
activities, and technology involved in creating and selling a
product was evaluated. This process chain encompassed
everything from the delivery of raw materials from the supplier
to the manufacturer to its eventual delivery to the end user as
guided by the GHG Protocol framework [28].

4.3.2. Organizational and Operational Boundaries

Inventory  boundaries, including operational and
organizational boundaries, define the business processes and
emissions included in a company's GHG inventory. The
operational boundaries classify the emissions directly or
indirectly from the organization's operations and facilities. In
contrast, organizational boundaries specify the business
operations and facilities included in the inventory. Each
corporation will have a unique organizational boundary
because of variations in legal and organizational structures. The
GHG Protocol defines three methods for establishing
organizational boundaries [28] [31], which consist of:

e Equity Share

e  Operational Control
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¢ Financial Control
The tool was developed for agri-food businesses based on the
equity share approach aiming to report emissions from scopes
1,2, and 3.

4.4. Major GHG Emission Sources

After setting organizational and operations boundaries, it is
critical to establish and identify the major GHG emission
sources to calculate the GHG emission. Both energy-related
and non-energy-related GHG emissions come from chemical
reactions in the industrial process, such as nitrous oxide (N.O)
and CHj4 belonging to scope 1 emissions. In addition, business
operations create indirect GHG emissions, but they come from
sources not owned or managed by other organizations. Scope 2
and Scope 3 emissions are two types of indirect emissions.
Identified direct and indirect emissions under scopes 1, 2, and
3 categories of the local company were established. The indirect
emissions that occur due to the operations in the reporting
company but from sources not owned or controlled by them
were identified under Scope 3. However, assessing GHG
emissions across the entire value chain is a bit complicated.
Therefore, the technical guidance developed by the GHG
protocol is utilized to assess scope 3 emissions. According to
the GHG protocol, scope 3 contains 15 major categories.
However, not all of them were considered as not all of them
apply to the local company and the agrifood sector.

4.4.1. Emission Factors and Calculations

Two data types are required to calculate emissions: activity
data and emission factors. The term activity data refers to a
measurable level of an activity that produces GHG emissions,
for example, liters of fuel consumed, or kilos of material
purchased. An emission factor is a factor that translates data
activity into GHG emissions; for example, kg CO» released per
liter of fuel consumed, or kg CO, released per kilograms of
material produced [29]. Most SMEs, and many larger
businesses, will calculate their scope 1 GHG emissions based
on the acquired amounts of commercial fuels (such as natural
gas and heating oil) using published emission factors [28]. The
primary inputs for calculating scope 3 GHG emissions include
activity data, such as fuel consumption or passenger miles, as
well as public or third-party emission factors [28]. The total
amount of GHG produced due to direct and indirect human
activities, usually expressed in equivalent tons of carbon
dioxide (COae). It is the international unit of measurement used
to describe the global warming potential (GWP) of all GHG
(CO,, CH4 and N>O) relative to CO, [32].

GHG emissions are determined by multiplying GHG
activity data with emission factors. The total direct emissions
of scope 1 were calculated in terms of metric tons (MT) of
COge. Indirect energy related to GHG emissions is mainly
generated from electricity consumption. Therefore, emissions
originating from electricity usage were calculated by
multiplying electricity consumption (kWh) by the grid
emission factor (GEF). The latest GEF for UK grid electricity
was extracted from International Energy Agency (IEA)
database. Relevant emission factors related to the UK were
obtained from the EPA database and GHG protocol. However,

company-specific emission factors, which are not publicly
available, are not used for calculations, and the company must
define such factors prior to the calculations. A company must
define emission factors by evaluating its entire value chain in
the categories of purchased goods and services and waste
generated in operations [33].

5. Carbon Accounting Tool Development

The calculation tool is developed using Excel for all
identified scopes 1, 2 and 3 emission sources. The tool consists
of multiple spreadsheets, starting with an introduction sheet
expressing the aim of the tool and data entry fields, as seen in

figure 1.

dats availasility

ed a3 follows to guide you:
light green: numerical or text data entry
light blue: aption selection (dropdown data entry field)
light gray: data that yeu cannat edit on the current page

I ok blue: cells that should not be edited as they are not relevant for the selected options

sourcas relevant to the company

Emissi

nissions relates

e W e e ———— P ————
Scope 1 scope 1 Scope 1 Scope 2 Scope 3 3

HE s |8 :

Figure 1 Introduction sheet

The next sheet is the instruction sheet which contains
specific input instructions for each category and scope. During
the development of the tool, the calculations of scope 1
emissions were set using the emission factors extracted from
the GHG Protocol and EPA database. Under scope 1, three
major categories were considered: stationary combustion,
mobile combustion, and fugitive emissions due to refrigerant
and AC. For stationary combustion, natural gas, and liquid
petroleum gas (LPG) are the main fuel types used in the
company. The relevant unit is selected from a dropdown;
mmBtu, scf and therms for natural gas and gallon, mmBtu and
kg for LPG. Relevant emission factors will be automatically
selected according to the assigned unit. The amount of fuel used
monthly could be inserted and if not available. Under mobile
combustion, the tool is developed for both distance-based and
fuel usage-based methods. Any method can be selected
according to the data availability with a dropdown for both the
fuel source, gasoline or diesel, and vehicle type. Relevant
emission factors will be automatically selected according to the
type of vehicle.

Under the fugitive emissions due to refrigerant and air-
conditioning, the screening method is applied to calculate GHG
emissions. The type of equipment considered in the tool is
described in detail on the spreadsheet, as displayed in figure 2.
The equipment and gas for each entered item can be selected
from a dropdown list. Relevant emission factors will be
automatically selected according to the type of equipment and
gas selected. The number of new units of refrigerant in
kilograms must be entered along with the capacity for all units
utilized and eliminated throughout the reporting period. The
total GHG emissions are calculated at the bottom of the sheet
and linked to the Emission Summary Tab.
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Scope 2 emissions are related to electricity, where the
primary inputs for calculating include supplier-specific, local
grid, or other published emission factors, as well as metered
energy usage. The location-based method in the tool is applied
to calculate the emissions from electricity usage. After a
dropdown selects the reporting year, the grid emission factor
will be automatically applied, figure 3. The total GHG
emissions for that activity will be calculated at the bottom of
the table and available in the Emission Summary Tab.

S1-Refrigerants and AC

Domestic refrigeration units (capacity 0.05 to 0.5 kg)

Stand alone commercial applications (capacity 0.2 to 6 kg)
Medium and large commercial refrigeration units (capacity 50 to 2,000 kg)

i i units (capacity 3 16 B kg)

Industrial, food processing and cold storage units (capacity 10 o 10,000 kg)
Commercial chillers (default capacity 10 to 2,000 kg)
Residential and commercial units, including heat pumps (capacity 0.5 to 100 kg
Passenger car A/C units (capacity 0.5 kg)

Light-dluty truck A/C units (capacity 1.5 kg)

New Units
Facility Type of Equipment Charge{KG)
Curious Vegan Co.

M
Syan Farms. M

Curious Vegan Co.

edium/Large Comir[HFC-23 it
ium/L. HFC-143a (R-143a) |
c23(R23) it

Car A/C Units
Ligit-Duty Truck A/C Units . il

Figure 2: Sample from Refrigerants/AC datasheet

The tool considers the following major scope 3 emissions:
transportation, purchased goods and services, and waste
generated in operations, as these categories have the highest
consumed emissions in the agri-food industry [6]. All indirect
emissions related to transportation can be calculated under this
section: upstream transportation & distribution, downstream
transportation & distribution, employee commuting, business
travels, emissions due to waste transportation, and emissions
due to non-road vehicles & machinery. The mode of
transportation and the type of vehicle can be selected through a
dropdown. The relevant emission factor will be automatically
selected according to the type of vehicle, and calculation will
be performed by entering the monthly distance travelled in
miles. Indirect emissions related to the purchased goods and
services can be calculated under this next category by
identifying the type of raw materials used for production and
the quantity in kilograms. As relevant emission factors are not
available publicly, they must be generated considering the
value chain. Finally, emissions related to water consumption
can be calculated by entering water consumption. Relevant
emission factors must be derived according to the water source
and energy related to water pumping. The total GHG emissions
for that activity will be calculated at the bottom of the table and
available in the Emission Summary Tab, and a sample of the
data collection and data entry sheet can be seen in figure 4.

scope1

s2-Electricity.

2021
2020
2m9
2018

Figure 3: Scope 2 monthly datasheet

Data
availability

Average annual
quantity

Unit (kg/ liters/

Emission so
mission source Therms/ or castin £)

Applicability

Scope 1/ Direct Emission

Stationary Combustion

Diesel

Octane/ Gasoline

Furnace oil/ HFO

Kerosene

|Biomass

LPG

Natural gas

Residual fuel oil

Coal

Industrial waste for energy generation
Waste oils for energy generation
Bio fuels

Mabile

Diesel

Octane/ Gasoline
Natural gas
Bio gasoline
Biodiesels
Scope 2/ from export energy |
Purchased energy |

[Purchased electricity | | |

|Purchased heat | | |

[Purchased coal Yes [Fully available |
Scope 3/ Other |
Transport [ [ |
Raw Material Transportation (Land, Air, Sea, Rail] |Yes A
Finished Good Transportation (Land, Alr, Sea, Rail)_|Yes
Off Road Transportation (Forklifts, etc.) No
Waste Transportation Yes

value available
imated value available
Approximated value available
A value available

Drinking Water Bottle Transportation No | |
Fugitive Emission | |
[Equipment Leaks (Air Conditioning, Refrigeration) |Yes Approximated value available
[Manure M. No T T
|Enteric Fermentation No | |

Figure 4: Sample of data collection & data entry

6. Implementation

The developed tool has been utilized to calculate the carbon
emissions of an agri-food business in the UK. The case study
is a local vertical farming company with the aim to supply
people with higher-quality food in a more sustainable and
environmentally conscious manner. In a technologically
advanced and enhanced container, it uses controlled
environment agriculture (CEA) technology in the production of
crops in multiple species of basil, micro radish as well as
coriander, peashoot, micro sunflower and garlic chive. The first
step in the GHG calculation project was to understand and
evaluate the company’s goals and efforts towards
sustainability. This was done by visiting the facility in person
and conducting multiple interviews with the company’s
founders and its directors. To get clarity on the value stream
and agree on its boundaries, a map-out of the current process
and supply chain of the company was established to determine
the emission sources.

As SMEs face a significant obstacle in collecting data, a
user-friendly data collection method was created and tailored
for the agri-food sector. It was utilized to thoroughly evaluate
of the applicability of all emission sources at a reporting
company and determine data availability as seen in Figure 4.
The data collection tool simplifies data gathered for scope 3
requiring communications with vendors and partners. The data
input itself is also user-friendly, with the first column
displaying all emission sources by scope, the second column
being a dropdown to verify the availability of data, the third
column is data entry for the average annual quality and the
fourth column is to verify the units used. Due to the sensitivity
of the data, the results could not be shared publicly. However,
a survey has been conducted to gather feedback on the tool from
the founder and directors. They found the report and graphs to
be a clear representation and visualization that can be used to
understand the current emissions levels and to track them over
the years. The tool was regarded to be straightforward and cost-



Malak Alromaizan et al. / Procedia CIRP 116 (2023) 492497

effective, and it offers a user-friendly approach to understand
their emissions. Moreover, the activity data within each scope
was considered to be detailed enough to provide their desired
output. Also, the tool captured all the major emission sources
of the agri-food sector as per the literature review and feedback
from the company.

7. Discussion and Conclusions

There is an urgency for improvements in agri-food GHG
emissions reporting and management because the agri-food
sector consumes substantial amount of energy and contribute
significantly to the GHG emissions . The literature showed the
importance of carbon footprint reduction and its criticality.
Calculating and reporting a GHG inventory that includes all
supply chain processes starts with developing an effective
emissions reduction plan. However, there is a lack of sector-
specific evaluations of supply chain emissions in food firms [6].
Consequently, this research was initiated to design a tool to
assist agri-food sector SMEs to quantify and track emissions.

The tool will support agri-food businesses in reducing GHG
emissions and monitoring progress over time. It is designed
using the most widely followed, the GHG Protocol. The tool
was developed using MS Excel, designed to calculate scopes 1,
2 and 3 emissions while utilizing emission factors extracted
from the GHG Protocol and EPA database. For scope 3, the tool
emphasizes emissions that are expected to have the highest
emission consumption in the agri-food sector, aiming at
customizing the tool toward a specific field. However, that will
require more details which will be accomplished in the project’s
next stage. As acquiring emissions data from vendors and
clients establishes a difficult obstacle [14], a data collection tool
was also developed to simplify such processes for SMEs. This
paper aims on supporting agri-food SMEs in collecting,
calculating, and reporting their GHG emissions by developing
a user-friendly interface calculation and tracking tool. It is the
first existing research tying a developed GHG tool with the
agri-food industry and lays the foundations for further research
to support a agr-food sector GHG calculation tool.
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