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Abstract: The need to rapidly reduce GHG has accelerated the adoption of circular models of
production. However, this has proved to be a challenging task for SMEs, who lack the financial,
organizational and informational capabilities to implement circular business models. In this context,
calculating the carbon footprint (CF) of their products could provide the basis for assessing the
different circular economy (CE) practices. The aim of this study is to present a CF calculation tool
that can be used to calculate the CF of SMEs. The design of the tool was based on the Life Cycle
Assessment (LCA) methodology, taking into account the various barriers that SMEs face in adopting
CE practices. The tool was tested in a small cheese factory in northern Greece. The production
process was mapped, a GHG inventory was created and the total emissions related to the
production of a specific product was estimated. The final aim is to test this tool at a large scale.

Keywords: circular economys; life cycle assessment; carbon footprint; information systems

1. Introduction

Since the industrial revolution, the concentration of greenhouse gases (GHGs) in the atmosphere
has gradually increased beyond Earth’s absorbing capacity, leading to global warming and
anthropogenic climate change. In March 2023, the Intergovernmental Panel on Climate Change
(IPCC) finalized its Sixth Assessment Report, in which it states that global warming is most likely to
exceed 1.5°C during this century. Natural ecosystems and human populations are already
experiencing the negative impacts of climate change, which, unless mitigated, they could potentially
lead to further environmental, social and economic implications [1]. Moreover, if global warming is
to be limited to 1.5°C, large GHG reductions must be achieved during this decade [1].

This immediate need to limit climate change, demands that business reduce their GHG
emissions or their carbon footprint (CF). Therefore, calculating the CF has emerged as new business
process, necessary for setting GHG emission reduction goals, assessing their performance towards
these goals and eventually reducing their GHG emissions. The most common types of CF are the
corporate CF, which is calculated based on the GHG emissions produced at company level [2], and
the product CF, which is calculated based on the GHGs emitted during the life cycle of a specific
product [3].

A product’s CF can be considered as a particular environmental impact category [4], i.e., climate
change, of a product’s life cycle assessment (LCA). A product’s LCA is based on the use of
methodologies that assess the environmental impact of a particular service or product over the
different stages of its life cycle. From acquiring the materials used in the production of the product,
producing, distributing and storing the product itself, until its use and final disposal, each step
focuses on inputs and outputs, in the form of materials, energy and waste [3,5-7].

The aim of this paper is to present a tool developed for calculating the product CF of Small and
Medium Enterprises (SMEs). This study is part of a project, which is funded by the Hellenic Ministry
of Development and Investments and the European structural and investment funds. The aim of the
project is to create a system for collecting and analyzing data for calculating the CF is SMEs.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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In 2021, SMEs accounted for 99.8% of all enterprises in the non-financial business sector in the
EU-27 while 93.2% of these enterprises were micro-SMEs, i.e., SMEs which employ fewer than 10 staff
[8]. Although data are scarce, it has been estimated that the average SME enterprise emits
approximately 75 tons of greenhouse gas (GHG) emissions, which is very little compared to the 22,345
tons of GHG emissions for the average large enterprise [8]. However, due to the large number of
SME:s in the overall enterprise population, their share of total annual emissions is 63.3 % of all GHG
emissions in the enterprise population as a whole [8].

Although large corporations are often those who receive most public attention regarding their
environmental performance, SMEs have also been receiving increased pressure to improve their
environmental performance. With regard to climate change, in particular, since GHG reductions are
often achieved through energy efficiency and since energy efficiency is often associated with reduced
production cost, many SMEs have adopted energy efficiency and other GHG reduction strategies.
This relationship, i.e.,, between the adoption of green strategies, environmental performance and
corporate performance has been extensively examined in international research [9-14]. However,
majority of the same international research has also highlighted the internal and external barriers that
make SMEs hesitant about adopting environmental strategies.

The vast literature examining sustainability, circular economy (CE) and SMEs has mapped
several of these barriers as well as the drivers that push SMEs towards the adoption of sustainable
practices. Although we are aware that calculating the carbon footprint does not constitute a direct CE
strategy, we believe that the same barriers apply when SMEs have to decide whether to systematically
calculate their CP. The rationale behind our claim is based on the fact that CP is a major indicator of
both sustainability and circularity and unless companies are able to measure their carbon footprint,
they will not be able to assess the CE strategies that they have adopted. Building on the above, we
draw on the literature examining 1. the barriers that SMEs face in adopting CE strategies, and 2. the
information technologies (IT) that can enhance the adoption of CE strategies, in order to form the
theoretical basis for designing a calculation tool, that could overcome some of these barriers and can
be easily adopted by SMEs.

In the following sections we provide a framework of analyzing the barriers that SMEs face in
adopting CE strategies based on previous academic research. Then, we review the basic IT systems
that, according to international research, have the potential of accelerating the transition towards CE.
The description of CF calculation tool follows along with a small case study. Finally, we provide a
discussion on how the tool can help SMEs overcome some of the adoption barriers regarding CE
strategies.

1.1. Barriers in implementing CE strategies in SEMs

This transition towards a low carbon future has been widely examined in light of the broad
concept of sustainable development, which, since its initial definition in 1987 by the Brundtland
Commission [15], has evolved and been adopted in various social, environmental, economic and
technological frameworks [16-18]. In this context, the circular economy (CE) model has emerged as
the newest approach towards addressing sustainability goals, among which reducing GHG
emissions is of utmost importance. Tracing back to the work of Kenneth Boulding [19] and later to
that of Pearce and Turner [20], CE has been extensively studied in business [21-25], academic [26-33]
and policy context [34—42].

The Ellen MacArthur Foundation defines CE as " an industrial system that is restorative or
regenerative by intention and design". This system promotes renewable energy, phases out toxic
chemicals, encourages reuse of products and eliminated the production of waste [43]. According to
the European Union’s latest annual report on European SMEs, more than two-thirds of SMEs had
adopted some resource efficiency related strategy, with minimizing waste and saving energy and
materials being the most common strategies adopted [8]. However, in most cases, SMEs were
restricted to the implementation of sporadic activities and did not attempt a complete re-design of
their products and processes [8].
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Exploring the dynamic relationship between CE and SMEs, especially in the EU context [44-53],
has received extensive attention among academics, while there is a substantial body of literature
devoted to mapping the barriers that companies face in adopting CE strategies [45-69]. These barriers
can be arranged into two broad categories, based on a company’s level of influence, i.e., internal and
external. Internal barriers are those that are inherent to a company’s business practices and values,
and external are those associated with stakeholders that are beyond the direct influence of the
company. Based on our literature review internal barriers can be classified as financial/economic,
technological, organizational, informational and cultural while external barriers can also be classified
as institutional/regulatory, supply-chain related and cultural. A summary of these barriers and the
respective literature is presented in Table 1. In this study we will focus on the potential internal
barriers that companies could face in calculating their carbon footprint. We will elaborate more on
this matter in the following sections, as we explain how we tried to mitigate some of these barriers.

Table 1. Barriers in the adoption of CE strategies.

Category Barriers—Main themes Relevant Research

Internal

Large capital requirements
Lack of capital/financial resources

Economic/Financial . .
Unclear financial case/return of

[45,54-68]

investment

Product design and quality

Technological [28,54-57,60-69]

Lack of technology and technical skills

Incompatibility with current

organizational structure

Organizational [54,56,57,60-64,67]

Administrative burden
Weak management support

Insufficient information and knowledge,

I .
nformational especially regarding the benefits of CE

[54,56-59,61-64,67,69]

Hesitant company culture
Attitude towards sustainability and

Cultural _ .
circularity

[50,54,56,58,61,62,66,67,69]

Risk aversion

External

Unclear international policy regarding
Institutional/Regulatory CE [54,55,57,58,61-64,66—69]
Weak government support

Finding appropriate suppliers and
partners

Supply Chain Failure to collaborate with suppliers and

[54,56-58,61-64,66,67]

partners

C
Cultural onsumer awareness [54,55,57,61-64,66,67,69]
Intention-action gap” [69]

1.2. Information Technology and CE

The role of information technology in accelerating the deployment of CE business models has
been extensively examined in academic research. Internet of Things (IoT) and other information and
communication technologies, such as cloud computing, big data, artificial intelligence (Al), cyber
physical systems (CPS), blockchain, augmented and virtual reality (AR and VR), additive
manufacturing (3D printing) and 5G, have been examined as enabling technologies that could help
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the transition of companies from linear to circular business models. A review of the above
technologies and their supportive research is present in Table 2. The CF calculation tool that was
developed and is presented in the following section, can be classified as a cloud computing
technology, since it is a web-based application that allows remote access of business processes,
facilitates user interaction and information sharing of all manufacturing resources and processes
[89,93]. Moreover, its design can incorporate IoT features such as recording data in real time, e.g.
from electricity consumption meters.

Table 2. IT systems in CE.

Technology Definition Relevant Research
A computational system that allows the collection and [70,71,73-75,77,78,80—
IoT sharing of products, services, processes and data in real 82,84-89,91,93,94]
time [81,93]
Technology that allows remote access of business [73-75,81,87,89,93,96]
Cloud processes, facilitates user interaction and information

Computing  sharing and enables the visualization of all
manufacturing resources and processes [89,93]

Technology that incorporates machine learning [72,73,80,86,87,89,92-94]

Al capabilities in manufacturing processes [93]
. Technology systems that capture, store, manage and [71-74,76,80,86,90,91,93,95]
Big Data .
process high volumes of data [93]
CPS Technology that enables automation of industrial [73,75,81,84,89,90,93,95,96]
operations in real time [89,93]
. A system that enables decentralized data storage and [73,75,79,89,91]
Blockchain . .
sharing of computational resources [79]
Technologies that allow the use of digital tools to [75,78,80,90,91,93]
AR and VR . . .
access virtual spaces in physical spaces [93]
Additive  Technology that allows prototyping of parts of [74,80,81,89,90,93]
manufacturing products (3D printing) [89]
Flexible and low energy consumption technology that [75,82,83,89]
5G allows connectivity between systems that rely on IoT

devices [82]

2. Materials and Methods

The product CF methodology presented in this paper follows the LCA methodology, which
accounts for all inputs and outputs associated with a particular product within defined system
boundaries. The LCA methodology has be used as a tool for analyzing and evaluating circular
business models [99-101]. Recent studies that include both LCA evaluation and circular assessment
have been conducted in manufacturing [100,103-106,108,111], farming and livestock raising
[102,107,110] and built environment [109]. This study is based on the LCA methodology provided by
the GHG Protocol [3], the ISO 14040, 14044 and 14067 standards [4] and the BSI/DEFRA/Carbon Trust
PAS 2050 standard [6]. The emission factors and the emission calculation methodologies used in this
study were based on the guidelines and data provided by the IPCC [97] and the EEA [98].

A LCA can be conducted at different levels. The cradle-to-grave LCA examines a product’s life
cycle from the acquisition of the raw materials used in the production process to its final disposal,
while the cradle-to-gate LCA stops at the point where the product is at the “factory gate”, ready to
be shipped either for final consumption or as an input to another life cycle. Finally, the cradle-to-
cradle LCA, which is considered to be most complete, besides the life cycle of the product itself, also
focuses on the recycling stage. The LCA methodology used in study follows the cradle-to-gate
perspective.
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The product CF calculation tool was designed based on the needs of SMEs in order to help them

map their business processes according the LCA method
calculate the Product CF

gain a better insight of the carbon impact of their business
identify carbon-intensive procedures in their business cycle

L

In the following sections we describe the tool that was developed along with a small case study,
in which the tool was applied. First we present our case study, and then proceed with the description
of the tool.

2.1. Case study

In this paper we present the case of small cheese manufacturing factory in northern Greece
which produces a type of semihard to hard, elastic cheese that is served grilled (similar to the
“haloumi” cheese). This type of cheese is popular in restaurants because it can be easily cooked and
due to its light taste, it can accompany a variety of dishes. During the production process, whey is
produced as a by-product which is sold to an external partner as biofuel.

The environmental impacts of the production of dairy products have been extensively examined
in academic literature with research focusing on the production of various dairy products such as
milk [112,114,115,117,118,126,128,129], butter [112,114], cheese [112,113,115,119-125,127-129] and
yogurt [114,116,118]. Most studies have highlighted the fact that raw milk is responsible for the
majority of GHG emissions related to the production of dairy products [112,113,115,117,119-124,126],
since its production results in GHGs, emitted from animal enteric fermentation, manure management
and land use. Further sources that contribute to the CF of dairy products can be traced in dairy
processing phase [112,113,119,123,125] and are mainly related to energy consumption.

The tool that is presented in this study does not provide estimates of the carbon footprint of raw
milk, therefore in order to estimate the carbon footprint based on the cradle-to-gate methodology, we
will use an estimate of the carbon footprint of milk based on the research of Laca et al. [126]. We will
use the estimate of 1.22 kg CO2eq per kg of fat and protein corrected milk, that was obtained by semi-
confinement dairy farm systems in northern Spain. Since, the company that manufactures the
product that we study (cheese) is stationed in northern Greece and its suppliers are also stationed in
the same area, we believe that this estimate of the carbon footprint of milk is appropriate for our
analysis. The production process of the product is presented in Figure 1.
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Curd Blocks
Curd Cooking - > l
[85°C —40 min]
[ Cooked Cheese
Maturing P ‘
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[ Mature Cheese
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Cheese Packaging ——0o—no 5 i
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Thermal Processing
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Packaging of , ‘
Final Product

Final Product at Factory Gate

“— U U U U J

Figure 1. Production process of cheese.

3. Tool's description and Results
The main interface of the tool consists of four basic modules:

1. the dashboard, which provides an overview of the company’s emissions at corporate level
the company, where the user can map the structure of the company by adding different
departments (facilities), equipment used in those departments and company-owned vehicles.

3. the QMS (abbreviation for Quality Management System), where the user can design the
production process, create an inventory of materials (raw materials, semi-ready products and
final products), suppliers, customers and distributors, and manage orders, receipts and storage
of the materials.

4. the ENV, where the user can manage any energy relate information, i.e., add power sources and
their respective emission factors and keep a record of energy related bills.

The mapping of the business processes begins with defining the facilities which will be included
in the analysis. Each facility can then be divided into different zones (e.g., production site, offices,
parking lots etc.). This categorization facilitates the calculation of the carbon footprint of products, as
it makes it possible to separate the processes that are directly attributed to the production of the
product from those that are not, a perquisite required by the GHG Protocol Carbon Footprint
Standard. In our case study, the main facility is separated into two zones, the PRODUCTION
FACILITY and the OFFICES (Figure 2).

The next step is to create an equipment inventory, which should contain all the equipment used
in the production process. For each type of equipment the following information is required: the
name of the equipment, its categorization (whether it is used in the production process or at the
offices), its power source and the respective measurement unit, its status (whether it is functional,
under maintenance or malfunctioning), its power source (in our case, all the equipment in the
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production process are powered by electricity, provided by a power supplier) and the desired
conversion method (one can choose to calculate CO2 equivalents, kg of CO2, CH4, N20 etc.). Figure
2 shows the data recorded for a pasteurizer used in the production facility and Figure 3 shows all the
equipment that is used in the production process.

< Pasteurizer

Place Name Category

MAIN FACILITY - Pasteurizer Production Equipment w
Power g Unit Status

4.1 . KWh Functional -
Power Source Conversion

Purchased Electricity - kgCO2eq - Description

Quantity =

1

-
B SAVE
STATUS HISTORY ZONES SUPPLY NO
O oFFices
PRODUCTION FACILITY

Figure 2. Data recorded for production equipment (pasteurizer).

Equipment
sl Dashboard + ¢ Q
ﬁ COMPANY -~ Facility Equipment Category Power Source Status
o Facilities B MAIN FACILITY Pasteurizer Production Equipment  Electricity FUNCTIONAL
B MAIN FACILITY Metal detector Production Equipment Electricity FUNCTIONAL
* Equipment
B MAIN FACILITY Packaging machine Production Equipment  Electricity FUNCTIONAL
Vehicl
W venicies B MAIN FACILITY Forklift Production Equipment  Electricity FUNCTIONAL
{7{ ams = B MAIN FACILITY Milk Seperator Production Equipment  Electricity FUNCTIONAL
i Materials [ ] MAIN FACILITY Boiler Production Equipment  Electricity FUNCTIONAL
B MAIN FACILITY Cheese Vat Production Equipment  Electricity FUNCTIONAL
; Production
B MAIN FACILITY Cheese press Production Equipment  Electricity FUNCTIONAL
E Orders ; . o
[ MAIN FACILITY Storage Tank Production Equipment  Electricity FUNCTIONAL
!' Receipts R MAIN FACILITY Milk pump Production Equipment  Electricity FUNCTIONAL
W Distributions Rows perpage: 10 ~  1-100f 14 >l

Figure 3. Equipment participating in the production process.

The application can be designed to accept any type of conversion method, since the emission
factors which are used in the calculation of the desired output are also treated as a separate process
which can be created by the user. For example, the company that manufactures the product owns a
large truck, which is powered by diesel. The truck is categorized as a EURO 6 heavy duty vehicle
(Figure 4). Figure 5 provides a snapshot of how the emission factor related to this particular vehicle,
is implemented. The user can create the respective power source (i.e., diesel) and link it to any type
of conversion she/he wishes (i.e., kgCO2/km for a EURO 6 heavy duty vehicle). Consequently, when
the user enters data regarding the distance travelled with this particular vehicle, the tool
automatically calculates the emissions related to this particular travel distance. The same procedure
is followed when the user enters data related to the vehicles owned by suppliers or distributors. Each
vehicle can be identified by its unique license plate number, which makes it easy for the user to enter
data related to the receipt of materials.
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& Truck01
all Dashboard Facility Vehicle
MAIN FACILITY - Truck01
ﬁ COMPANY =
Power Source Conversion
9 Facilities Diesel - Heavy duty vehicles EURO 6 (kgCO2/km) ~
¢ Equipment Licence Number
XAXXX
m\fehicles
F: Qms - Description
LS
i Materials
7 UPDATE
E Production

Figure 4. Adding a company-owned vehicle.

¢ Heavy duty vehicles EURO 6 (kgCO2/km)

Conversion

Heavy duty vehicles EURO 6 (kgCO2/km)

s

& awms v

ol Dashboard

9 o « Heavy duty vehicles EURO 6 (kgC0O2/km) /7

Hﬂ Power Sources |

= Power Supply No. Heavy duty vehicles EURO 6 (kgCO2/km) X

Name

E Bills/Receipts User Input (km) Heavy duty vehicles EURO 6 (kgC02/km)
t* Logout i Emission Factor N
2 0.000486
& Emission Factor v
0.000486 Source/Reference

EMEP/EEA air pollutant emission inventory guidebook 2019

9 Output Comments

kg CO2/km ‘E€obog
kg CO2/km -

B SAVE

Figure 5. Adding emission factors.

Another important stage in mapping the business process is creating the materials inventory
(Figure 6). The materials inventory contains all materials that are used in the production process, final
products, raw materials, semi-ready products, by-products etc.


https://doi.org/10.20944/preprints202306.0104.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2023 doi:10.20944/preprints202306.0104.v1

9
o} Dashboard )
Materials
B company
+ C Q
& awms -
Material Category Duration
i Materials _
[ Raw Cow's Milk Raw Materials 5
m Suppliers [ 3 Rennet Raw Materials 30
; Production [ Dry Mint Leaves Raw Materials 100
[ Salt Raw Materials 0
E Orders
[ Packaging Material Raw Materials 0
v i : :
—' Receipts B Pasteurized Milk Semi-ready Prod 1
m Distributions B Whey By-product 1
i storage B Grilled Cheese 200 Final Product 365

Figure 6. List of recorded materials.

The materials are used as input or output of the different production stages when the user creates
a production line. For example, when the user creates a production line for the cheese, he creates the
different production stages and for each stage he enters the respective inputs (raw materials, semi-
ready products), the production equipment and the output of this process. In Figure 7, the
coagulation stage of cheese production in presented.

4 Milk Coagulation

ol Dashboard Stage
Milk Coagulation

R company -
&7 ams -
W Waterials &P piagram N

5 Production ‘

Pasteurized Milk - Semi-ready Prod Rennet - Raw Materials Cheese Vat
B orders
wilf Receipts
Input Materlals
W Distributions

i Storage
OQutput Materials
B suppliers
W customers
, Curd - Semi-ready Prod
1B Distributors
@ ewv -
u :
Material Input v
(+ Logout o 3
£ Equipment -
ol Material Output v

Figure 7. The coagulation stage of cheese production.

After the production line has been created, the user can then enter data related to different
production numbers (which can be identified via their LOT number). For example, a production with
the lot number 10002 is presented in Figure 8.
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< Grilled Cheese 200gr
Production Line Production Date
Grilled Cheese 200gr - 23-05-2023 E
.ll Dashboard
ﬁ COMPANY
&3 aus = 5" Pasteurization & Milk Coagulation >
i Materials
&8 wilk Coagulation Output >
3 Production
+ C
E Orders T curd Pressing >
Lot Material Quantity Unit
E' Receipts
5" cudcaaking B 10002 curd 1000 kg >
m Distributions
Maturing
= Storage Q;. >
. - EQUIPMENT
h suppliers 8 Biine Maturing RAW MATERIALS ~ SEMI-READY PROD Ql 3
w Customers + (¢]
ﬁl Cheese Packaging >
W Distributors
Equipment Hours of Operation
Q ENV - &% Thermal Processing 3 5 Cheese Vat 1 >
[-P Logout > [ ] Milk pump 3
v Packaging of Final Product >

Figure 8. An overview of the production line.

For each stage of production, the user enters the output material (final product, by-product or
semi-ready product), its quantity and unit of measurement. Then, he enters the production
equipment and the respective hours of operation, the raw materials and the semi-ready products of
previous stages. In this way, emissions related to energy consumption are allocated to each
production stage. Figure 9 shows the total emissions related to the specific product LOT number as
well as the emissions/kg of final product. Emissions related to the operation of each type of
equipment are available, as well as emissions related to company, supplier and distributor vehicles.
Each batch of product can be identified by its specific LOT number and its unique QR code which is
automatically generated for each LOT number.

The results presented in Figure 9 show that 342.7 kg CO2 was emitted during the production of
167 kg of final product. These emissions include transportation of raw materials as well as storage of
the raw milk before processing. They do not include emissions related to refrigerants, heating and
cooling of premises and packaging. For the production 167kg of cheese, 1350 kg of raw milk was
used, which corresponds to approximately to 1647 kg CO2eq based on the research of Laca et al.
[126]. Therefore, the total emissions related to the production of this batch of cheese are 1989.7 kg
CO2eq, or 11.91kg CO2eq/kg of product. This estimate is similar to the results of other studies which
provide estimates of the carbon footprint of cheese production ranging between 10.2 and 16.9
[119,122,123,126,128,129].
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& Grilled Cheese 200 gr

sl Dashboars Grilled Cheese 200 gr 10002 167kg

ﬁ COMPANY 4
& ams - 342.7 ip
W Materials Emissions in Recelpts (9Co2 orstrlbation missions (econ
585 284.2 0.0
&5 Production
E Ord ¢ Reception Equipment <
rders
!' R : £ Production Equipment .
eceipts
& Distributions ° Distribution Equipment .
@@ Storage W Company Vehicles .
W suppliers W Supplier Vehicles .
m Customers “ Distributor Vehicles .
W Distributors [=
@ ow - @"
v

(* togout MyProduct

¢ Production Equipment

Equipment Y Hours of operation
> Work Bench 3
v Boiler 2
Emissions Quantity Unit A Source/Reference
CARBON DIOXIDE EQ 159 kgCO2eq https://www.dapeep.gr/dimosieuseis/eguiseis-proeleusis-energeiako/
> Metal detector 3
> Packaging machine 3

Figure 9. An overview of the emissions related to a batch of products.

4. Discussion and Conclusions

Drawing on the literature examining the barriers that SMEs face in adopting CE strategies, we
designed a CF calculation tool taking into account the financial, technological, organizational,
informational and cultural barriers that may emerge when SMEs try to create an emissions inventory
and calculate their product CF. Regarding the financial and technological barriers, since the tool is a
web-based application, it doesn’t require large financial resources to adopt. Moreover, its design is
user friendly and does not require specialized technical skills.

In addressing the organizational, informational and cultural barriers towards the adoption of
the tool, because most of the SMEs lack specialized knowledge, regarding carbon footprint
calculation methodologies, we deliberately avoided using terminology such as scopel,2,3,
direct/indirect emissions, purchased energy, organizational/operational boundaries etc., which are
used in most carbon accounting standards. One of our aims in developing this tool was to minimize
the need for users to be accustomed to the process of identifying and categorizing emission sources,
because that would require additional training for the user to be able to use the tool, and in our
opinion would discourage the adoption of the tool.

Moreover, we organized the tool based on mainstream operations, i.e., orders, distribution,
customers, suppliers etc., since most SMEs are accustomed to them. The users simply have to add
some additional information (type of vehicle) when processing mainstream data such as orders,
receipts etc., which increases the administrative burden to some degree, but does not require the
mapping of emission sources separately from mainstream operations, which would considerably
raise the administrative cost.
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Finally, the fact that this is a web application, allows for multiple users to have access to the tool.
Therefore, each user can record data according to his/her area of expertise. For example, data needed
for mapping the production equipment can be entered by personnel that is directly involved in the
production process and data related to the distribution of products can be entered by personnel that
manages distributions. This procedure facilitates the collection of data, and shares the administrative
burden among all participants. However, a necessary condition for this procedure to work, is for all
participants to be willing to share this additional burden. Therefore, overcoming the cultural barrier
is still a matter to be addressed in each company.

The aim of this research was to develop a CF calculation tool that can be adjusted to the needs
of SMEs. The beta version presented in this paper was used to map the production process of small
cheese factory and to calculate the CF of one of their products. This version has a number of
limitations that are to be addressed at a later stage of the project. First, it doesn’t provide a process
for the fugitive emissions, related to the use of refrigerants, to be included to the product’s emission
inventory. Second, it doesn’t take into account emissions related to the production of raw materials,
the consumption of the final product and its disposal. Regarding the production raw materials, a
process should be implemented, that would allow the user to enter emission factors related to the
production of specific materials, based on the results of international research. Emissions related to
the consumption and disposal of the final product should also be incorporated into the tool based on
preestablished patterns of consumption. These elements will be added at a second phase of the
project. Future research should focus on testing the CF calculation tool at a large scale and gather
data related to the usability of the tool. Moreover, a comparative analysis to other existing CF
calculation tools should be conducted.

6. Patents

The software presented in this paper, “Kwattum”, is ownership of Kloni Paraskevi SP.
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