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Introduction

Access to food is an inalienable right. Although food 
production has increased in recent years, particularly in 
developing countries, more than one billion people suffer 
from chronic malnutrition. At the same time, excessive 
food production is observed in developed countries. The 
Food and Agriculture Organization (FAO) report from 
2013, on the scale of food waste, informs us that every year 
we throw away 1.3 billion tons of food, which accounts 
for 1/3 of the produced food suitable for consumption. 
Fruits and vegetables are wasted the most, of which a large 
part already is at the stage of cultivation, harvesting, and 
storage [1-3].

Agriculture must feed an increasing number of people 
using less arable land. The problem of nutrition does not 
simply mean meeting basic human nutritional needs. 
An important issue is the protection of the environment 
during food production. 

Climate change and global warming are recognized 
internationally as problems that require current 
countermeasures. Negative phenomena are mainly caused 
by emissions of greenhouse gases both from industry 
as well as other anthropogenic activities. Restoring 
ecological balance requires immediate action to reduce 
greenhouse gas emissions. Therefore, the European Union 
set a target of reducing greenhouse gas emissions by 20% 
by 2020 compared to 1990. 

The structure of carbon dioxide emissions of the 
TESCO network, according to the data, is as follows:
 – 60% is the result of energy consumption in stores, 

offices and distribution centers
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 – 19% is emitted by refrigeration equipment 
 – 12% comes from fuel consumption during 

transportation
 – 7% is the use of natural and liquid gas
 – 2% is business travel

Knowing what activities cause the greatest CO 2 
emissions, entrepreneurs can more precisely influence 
their reduction. First of all they introduce energy-efficient 
solutions, e.g., they apply renewable sources at the retail 
level [4-6].

Currently, large-scale actions are being taken in the 
agri-food industry to reduce emissions of carbon dioxide 
globally. An integral part of the agri-food industry is 
refrigeration and air conditioning, which provide the proper 
conditions for the production, processing, and storage of 
products. Assessment indices have been defined in order 
to clearly identify the disruptive impact of refrigerants on 
the earth’s atmosphere [7-9]. These include:

ODP – ozone depletion potential – an index created 
to quantitatively assess the impact of the individual 
substances on the ozone layer. It is referred to the R11 
refrigerant, considered as the unit value (ODP = 1).

HGWP: halocarbon global warming potential, 
introduced in order to determine the destructive impact 
of refrigerants on the atmosphere. It refers to the R11 
refrigerant, considered as the unit value (ODP = 1).

GWP: global warming potential – a metric used to 
quantify the effect of a given substance on the greenhouse 
effect. It compares the amount of heat retained by a 
specific gas mass to the amount of heat retained by the unit 
mass of carbon dioxide. GWP is determined for a specific 
time period, usually 100 years. GWP for CO2 is equal to 1.

TEWI: total equivalent warming impact, an index that 
takes into account the direct ability of a factor to cause 
this effect and an indirect impact on its formation through 
energy consumption by the device used.

ITH: integral time horizon is the accepted time horizon 
of the effect of a substance (usually 100 years). 

Carbon Footprint 

Carbon footprint (CF) [10, 11] is one of the metrics 
evaluating the impact on the environment of a particular 
technology of agri-food product manufacture. It determines 
the amount of greenhouse gases emitted in connection with 
direct and indirect human activity. The carbon footprint 
includes emissions of all greenhouse gases (carbon 
dioxide, methane, nitrous oxide, hydrofluorocarbons, 
perfluorocarbons, sulfur hexafluoride) and is expressed in 
tons of carbon dioxide equivalent. CF can be determined 
with regard to persons, products, services, stores, 
workplaces, cities, and even entire countries. It allows us 
to compare different greenhouse gas emissions [12, 13]. 
According to the literature, the emission of 1 kg of CO2 
occurs when:
 – Driving 6 km by car (est. consumption 7.3 l/100 km)
 – Traveling 12 km by train or bus
 – Flying 2.2 km 

 – Working at a computer (60 W) for 32 h
 – Producing five plastic bags or two bottles
 – Producing 1/3 of a cheeseburger

Production of 1 kWh of electricity equals the release of 
about 1 kg of CO2 into the atmosphere, while consuming 1 
liter of gasoline by a car is associated with the emission of 
more than 2 kg of CO2. For comparison, a tree over its life 
span absorbs on average approx. 750 kg CO2 through the 
processes of photosynthesis and biomass accumulation 
[14].

Determining the carbon footprint of specific technology 
enables deliberate reduction of greenhouse gas emissions, 
which contributes to environmental protection.

This article presents the methodology for calculating 
carbon emissions, plus assessing and reducing greenhouse 
gas emissions generated by exemplary food technology. 
We selected the production technology of semi-finished 
fruit paste, used as a filling for sweets and chocolates, as a 
base for the production of fruit jellies and gummy candies, 
or as an ice cream flavor additive. Analyzing the structure 
of the production, homogenized strawberry paste was 
selected to determine the carbon footprint because it had 
the largest share.

Aim and Research Methodology

The aim of the study was to determine the carbon 
footprint for the selected food product with particular 
emphasis on the refrigeration industry. 

The approach to the analysis of the issue is presented 
as the research method. Basic data were collected 
during visits and interviews at the production plant. The 
identification and measurement of direct and indirect CF is 
of key importance for each food technology. Defining the 
boundaries and areas of measurement, and establishing the 
scheme of unit processes that forms them, are an important 
task aimed at integrating the carbon footprint of the product 
[15]. Carbon footprint maps of the products developed in 
this way facilitate the identification and measurement of 
carbon dioxide emissions in the whole technological chain. 

The research methodology involved the following 
steps:

Table 1. Structure of the production in a facility.

Type of paste Participation in production 
[%]

homogenized strawberry 55.8

homogenized cherry 20.1

cherry with fruit pieces 0.9

strawberry with fruit pieces 2.6

blueberry with fruit pieces 20.1

decorative strawberry 0.3

lemon 0.3
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 – Defining assumptions
 – Analyzing production technologies at the production 

plant
 – Selecting the production process
 – Defining and determining unit processes in the 

production cycle
 – Analyzing the data with respect to the volume of 

production, use of energy, and raw materials
 – Selecting product for analysis and collecting emissions 

data
 – Developing a CF calculator (spreadsheet)
 – Calculating carbon footprint

Based on literature data [14], the following indices 
were used to calculate the carbon footprint: 
 – CO2 emissions in the production of 1 kWh of energy 

(1,000 g CO2/kWh)
 – Eight liters of fuel combustion produces 19 kg of CO2 

(2,375 g CO2/l)
 – An electric trolley consumes 10 kWh (0.1 kWh/km per 

100 km)
 – A truck consumes 40 liters of fuel (0.4 l/km per 100 

km)

Production Characteristics

For the current study, the technology of production 
of semi-finished fruit products was selected. It was 
developed as part of the target project “Special fruit pastes 

– semi-finished products for the manufacture of ice cream 
and frozen desserts,” and received second prize from the 
minister of agriculture and food economy in 1997. Fruit 
pastes are currently produced by the IBPRS Department 
of Refrigeration Technology and Technique in Łódź for 
domestic and foreign customers. The structure of the 
department producing fruit pastes during an exemplary 
year is shown in Table 1. Analyzing this data, homogenized 
strawberry paste was selected to determine the carbon 
footprint, because it had the largest share of production.

Fig. 1. Scheme of unit processes in the strawberry paste production cycle.

Fig. 2. Mass balance of raw materials for homogenized strawbe-
rry paste production.
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Table 2. Material balance for homogenized strawberry paste production.

Table 3. Emissions of CO2 generated in food technology of homogenized strawberry paste production per year.

Table 4. Emissions of CO2 generated in transport for homogenized strawberry paste production.

PRODUCTION

equipment
nominal 
power 
[kW]

operating 
time
[h]

power 
consumption per 

cycle [kWh]

emission 
of CO2 

per cycle 
[g]

number 
of cycles 

in January

emission 
of CO2 

[kg]

average 
emission 

of CO2 per 
month [ton]

emission 
of CO2 per 
year [ton]

mincer 15.00 2.00 30.00 30,000 7 210.00 0.30 3.63

cauldron 30.00 1.00 30.00 30,000 7 210.00 0.30 3.63

stirrer 0.55 1.00 0.55 550 7 3.85 0.006 0.07

pump 1.00 0.06 0.06 55 7 0.39 0.0006 0.007

controller 0.6 0.06 0.03 33 7 0.23 0.0003 0.004

rubbing unit 2.00 2.00 4.00 4,000 7 28.00 0.04 0.48

pasteurizer 12.35 3.50 43.23 43,225 4 172.90 0.28 3.37

pasteurizer 12.35 3.50 43.23 43,225 5 216.13 0.30 3.54

pasteurizer 12.35 3.50 43.23 43,225 5 216.13 0.30 3.54

cooling tower 3.75 3.50 13.13 13,125 7 91.88 0.13 1.59

cold rooms 22.30 24.00 - - 4,305.44 4,305.44 4.48 53.71

SUM 5,454.93 6.13 73.58

TRANSPORT

type

power 
consumption 

per 1 km 
[kWh]

fuel 
consumption 

per 1 km
 [l]

emission 
of CO2 per 
1 km [kg]

km per 
cycle
[km]

number 
of cycles 

in January

emission 
of CO2 

[kg]

average 
emission 

of CO2 per 
month [ton]

emission 
of CO2 per 
year [ton]

electric forklift 0.1 - 0.1 0.1 2 0.02 0.00002 0.0003

TIR(strawberry) - 0.4 0.95 40 2 76 0.09 1.03

TIR (syrup) - 0.4 0.95 18 2 34.2 0.04 0.46

TIR (sugar) - 0.4 0.95 1 2 1.9 0.002 0.03

garbage disposal - 0.4 0.95 10 0 0 0 0

SUM 112.12 0.13 1.51

MATERIAL BALANCE

one production cycle amount of the 
product in January 

[kg]

average amount 
of product per 

month [kg]

amount of the 
product per year 

[kg]raw material amount of raw 
materials [kg]

amount of 
waste [kg]

amount of water 
evaporated [kg]

strawberry 76

8 11.8 1,692 2,533.5 30,402

sugar 52

glucose-fructose 
syrup 15

citric acid 2.4

aromas 0.4
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“Life cycle of strawberry paste” [16] was analyzed 
to define all unit processes included in production. Fig. 1 
shows a diagram of the product life cycle. The following 
areas responsible for CO2 emissions were defined: raw 
materials, stages of the production process, distribution 
(transport), and recipients. The fruit paste production 
process was analyzed in detail. Each production cycle 
included the following steps: obtaining the right amount of 
raw materials from storage, fruit thawing, fruit grinding, 
fruit pureeing, combining ingredients and additives, 
homogenization and pasteurization, quality control, 
packaging, and storage. Mass balance of the homogenized 
paste production was performed based on the formula. 
These values are presented in Fig. 2.

Assumptions for Carbon 
Footprint Calculation 

Based on the methodology of life cycle assessment 
(LCA) [17-22], methodology for calculating the CF was 
expressed in the following steps:
1. Defining the methodology: A global standard was 

introduced by the World Resources Institute (WRI) 
and the World Business Council for Sustainable 
Development (WBCSD) as part of the Greenhouse Gas 
Emission Protocol (GHGP) and in accordance with 
ISO 14064 (Greenhouse gases) Part 1: Specifications 
and guidance for quantification and reporting of 
greenhouse gases emissions and absorptions. The 
procedure described in the aforementioned materials 
contains detailed recommendations on the procedures 
for data collection, calculation, and reporting.

2. Establishing boundaries and scope of analysis: Defining 
which area will be subject to quantitative analysis, 
main production processes, auxiliary processes, etc.; 
how far the analysis should reach and how deep should 
it be; what type of emissions will be analyzed. It  
is recommended to define the boundaries and  
scope in such a way as to include the entire spectrum 
of emission sources; the more accurate the analysis,  
the more precise the determination of the carbon 
footprint.

3. Collection of emissions data: The most important 
process, dependent on the quality of the collected data 
and its accuracy. The information collected relates 
to direct and indirect emissions, including electricity 
consumption, emissions generated by suppliers 
(raw materials and additives), internal transport, 
and refrigerants. The created database of relevant 
information must have a specified level of accuracy 
record with a defined acceptable margin of error.

4. Carbon footprint calculation and its verification, 
including all stages of the production process.

5. Presentation of the analysis results and calculated 
CF, with indication of the areas showing the highest 
emissions.
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Carbon Footprint Determination 
of Selected Food Production

On the basis of available data, an annual material 
balance was conducted for the production of homogenized 
strawberry paste (Table 2).

CO2 emissions were calculated for monthly and 
annual production, taking into account the available data 

on the production, material balances obtained, emissions 
data collected, and assumed indices. Table 3 shows the 
results only for the technological process, and Table 4 for 
transportation. The amount of CO2 emitted by transport 
was 1.51 t, which represented only 2% of emissions of the 
whole strawberry paste production cycle.

Considering all the listed steps and the calculated 
values of emissivity and raw material balances, the 

Fig. 3. Dependence of CO2 emissions from strawberry paste production.

Fig. 4. Dependence of carbon footprint from monthly production.

Fig. 5. Structure of CO2 emissions [%] for annual strawberry 
paste production.

Fig. 6. Dependence of CO2 emissions indicator for monthly 
strawberry paste production.
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average product carbon footprint was calculated using the 
developed CF calculator (Table 5).

The averaged value of the CF index calculated on 
the basis of experimental data for the production of 
homogenized strawberry paste was 2.47 kg CO2/kg of the 
product. This means that 2.47 kg of CO2 was emitted to 
the atmosphere during the production of 1 kg of paste.

A graph of dependence of this parameter on the 
volume of production during the year was prepared to 
better understand the emissivity results. By analyzing 
the data obtained, a certain tendency could be observed 
that despite the decline in production during the months 
of May, June, July, and August, CO2 emissions remained 
at a high level. This trend is due to the different external 
temperatures, as there is a higher cooling demand during 
these months (i.e., higher carbon dioxide emissions).

Fig. 4 presents a comparison of the carbon footprint 
and monthly production. Analyzing the results, an inverse 
relationship can be observed of the CO2 emissions index 
and paste production volume, thus intensification of the 
production will reduce CO2 emissions per product unit, 
i.e., the reduction of the carbon footprint.

In order to identify the area responsible for the highest 
emissions, a diagram was made of CO2 emission structure 
for the annual production of strawberry paste (Fig. 5), 
including the technological process (without transport). 
When analyzing this information, it was found that 
refrigerated storage of raw materials and semi-finished 
and finished products is the main factor determining 
CO2 emissions in the production process. It represents 
almost 73% of total emissions. Therefore, it is necessary 
to optimize the process of cold storage in order to reduce 
greenhouse gas emissions into the atmosphere. This can 
be achieved, among other ways, by rationalization of 
storage chamber use, reducing capacity, and maximizing 
use of their cooling areas. 

Fig. 6 presents the change of CO2 emission index, 
compared to a monthly production of strawberry paste 
and dependence describing it as a power function. The 
emissivity of the technological process related to the 
amount of the final product produced can be determined 
using these results.

Following the CF calculation and identification of areas 
with the highest emissivity of a given food technology, 
appropriate measures should be taken in order to control 
and manage the emissions. This should result in a lower 
burden of carbon dioxide in the environment. 

Conclusions

Conscious actions toward environmental protection 
include reduction of greenhouse gas emissions generated 
by the food industry into the atmosphere [23, 24]. The 
first challenge in this direction is to determine the carbon 
footprint of technology and on this basis take measures to 
reduce greenhouse gas emissions.

The different methods of CF calculation for food 
products are presented in [25-30]. In most cases, the 

calculated carbon footprint covers all stages (from fields 
and pastures through the processing plant to the consumer) 
and determines the correlation between materials and 
processes. A proper example of this methodology is the 
carbon footprint (CF) of the croissant roll. This carbon 
footprint was 1.5 kg CO2/kg of the product. Authors [28] 
stated that the largest effect on greenhouse gas emissions 
resulted from the processing and raw material links of the 
food chain (39.1 and 36.8%, respectively). In other work 
[26], the CFs of cheese have been presented. The indicator 
was 9.88 kg CO2/kg of the product. They also pointed out 
that emissions from the later part of the production chain 
from farm to retailer contributed less than 10% to total 
emissions from the production of cheese, with the largest 
contribution from the use of energy during manufacture at 
the dairy, including storage.

Thus, in order to compare the carbon footprints we 
need to calculate the indicator for the same production of 
a given product. In the case of the croissant roll, CF of 
production was 0.59 kg CO2/kg of the product, and for the 
cheese it was below 0.99 kg CO2/kg of the product. Part 
of our research was to calculate the carbon footprint index 
for the production of homogenized strawberry paste. Its 
averaged value was 2.47 kg CO2/kg of the product. 

Comparison of the obtained CF from the presented 
literature data showed that strawberry paste production is 
highly energy-consuming.

In our work, the amount of CO2 produced during tran-
sport was 1.51 t, which represented only 2% of emissions 
of the whole strawberry paste production cycle. Thus, the 
production process is primarily responsible for emissions.

A significant impact of climatic conditions was 
observed on the carbon footprint indicator, resulting from 
changes in external temperatures. Emission volume of 
carbon dioxide per unit of product is dependent largely 
on the external temperature in a given month, while to a 
lesser extent on the production volume. The main factor 
determining CO2 emissions in the production process was 
refrigerated storage of raw materials and semi-finished and 
finished products, which accounted for almost 73% of total 
emissions. The process of cold storage is a major factor 
affecting the carbon footprint of the technology tested. 

Rationalization of the use of storage chambers and 
maximizing use of their cooling area will optimize the 
process of cold storage. These actions will be aimed at 
reducing the carbon footprint of food technology.
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