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Abstract: A Carbon Footprint (CF) is defined as the total emissions of greenhouse gases caused directly and indirectly by an individual, 

event, organization or product,expressed as carbon dioxide equivalent (CO2 eqv). The objective of this case study is to provide examples of 

strategies for low footprint of Apple Production and Apple Processing as well as best practices and guidance on the use of equipment for 

planting, fertilizing and harvesting for specific crops like apple orchards. It covers the general principles and provides guidance for these 

specific areas. 
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1. Introduction  
There is an ongoing debate about carbon footprint and global 

warming and to what extent human activities contribute to the 

problem. Agriculture is one of the activities that has a significant 

contribution. It is known that carbon dioxide is generated, through 

the use of tractors and machinery as well as other planting and 

harvesting activities. Carbon dioxide is released to the atmosphere 

in the production of a crop (using fuel, fertilizers, and pesticides) 

and further processing of the products produced. The literature data, 

compared with the results show that 1kg of apple, in a cradle to 

retailer perspective, have a GWP of 0,018-0,2 kgCO2 eq., a POCP 

of 0,15-0,18 gC2H4 eq., a AP of 1,07-1,12 gSO2eq and EP of 0,58-

0,62 gPO4eq, [1,2].  

The main contributor of the C footprint during the cultivation 

phase is the consumption of fuel for machinery, which significantly 

changed according to the distance from the farm center and the field 

size.  

The aim is to provide data for modelling of the Apple 

production system at given region in Bulgaria.  Datasets for the 

following categories are defined. The part one gives general 

information for the Infrastructure such us buildings (infrastructure 

and operation), machinery (infrastructure and work process), juice 

processes and drying processes.  

The inputs are fertilizers (mineral and organic), pesticides, 

planting materials, fuel and the electricity. The outputs include fresh 

products for the market, apple juice and dray products (dry apples 

and apple flour). 

A study was carried out with the aim of understanding different 

production phases to the carbon (C) footprint. Data about the apple 

storage, processing, packaging and distribution phases were 

collected from Kyustendil region, Bulgaria.  

The case study objective is to encourage the wide application of 

techniques and practices for sustainable farm management within 

the Balkan agricultural regions with the goal of reducing the 

environmental impact resulting from carbon emissions, wastes and 

water. The goal is to determine the consumption of raw materials, 

such as fertilizers, pesticides, irrigation and processing water, 

energy and agricultural/processing waste, as well as to calculate 

emissions of pollutants (CO2, CH4 and etc.) to air, water and soil. 

2. Materials and Methods 

Four impact categories were considered:  

 Global Warming Potential (GWP); Photochemical Ozone 

Creation Potential (POCP); Acidification Potential (AP); 

Eutrophication Potential (AP), [3]. 

  Several varieties are cultivated in the area under study but for 

the LCA only the main fiver (that together represent the 89% of the 

total production) were considered (table 1 and figure 1).  

 

 Table 1.Percentage of growth apples per variety 
Variety cultivated by the 

producer 

Percentage of the total 

production 

Gold Rosio 15 

Red Delicious 16 

Granny Smith 20 

Gala 20 

Fudji 18 

Others 11 

 

 
Fig. 1. Distribution of apple varieties (in %) 

 

3. Methods  

3.1. Functional unit  

The functional unit selected is the 1 l glass bottle of juice that is 

produced and marketed by the company. See fig.3. The final 

package to the stores is 6 bottles in one package. In order to ensure 

input and output data are normalised in a mathematically consistent 

way, the functional unit is clearly defined and measurable (ISO 

14044: 2006),[4]. 

 
 

Fig.   2. General flowchart of apple product ion 
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Fig.3. Functional unit 1 l of glass bottle 

 

3.2. System Description 

Following the guidelines of the BalkanROAD project, the 

“cradle-to-grave” approach is used. It contains all production 

processes involved starting from raw material extraction (i.e. the 

cradle) to the point where the final product is made available to the 

market (i.e. 1 l of glass bottle at the gate after processing). This 

means the tracking and description of the whole production cycle 

till the final product delivery to the market, figure 2.  

3.3. Data Collection 

The study requires collection and treatment of a big amount of 

data that are used with specific software.  The data collection was 

separated in several specific files, such as sample analysis of the 

soils, water, pesticides, and the juice. Also, some intermediate data 

were collected for the equipment, such tractors and attachments, 

refrigerators, pumps, production lines, and staff and employees 

involved.   

Samples from the soil and water were analysed in laboratories 

for some physical, chemical and biological properties.  

3.4. Impact categories 

Using the classification and characterization of categories 

defined by the standards of ISO 14040-14044 series, the impact 

categories were chosen for the LCA according to the goal and scope 

of the study.  

The project coordinator has pointed out five mid-point 

environmental impact categories, defined according to the CML 

2001 (April 2013 version) impact assessment method reported by 

the Centre of Environmental Science of Leiden University (Guinée 

et al., 2001; 2002).  

 The CML method is selected because it is well recognized and 

widely used in several LCA agricultural studies for allowing clear 

and precise quantification of a wide range of critical impact 

categories related to the use of energy and the application of 

fertilizers and pesticides with a considerably lower level of 

uncertainty compared to end-point methods (Cellura et al., 2012b, 

Perrin et al., 2014; Bartzas et al., 2015; Bartzas and Komnitsas, 

2017). In addition, CML 2001 is the only recent impact assessment 

method that includes a characterization factor for phosphorus. The 

cumulative energy demand (CED) impact category will be also 

calculated based on the method proposed by Frischknecht et al. 

(2005), in order to assess the energy performance of the 

corresponding agricultural production. 

3.4.1. Life Cycle Inventory 

Data collection was conducted systematically in every 3 months 

in-situ/field campaigns and voluntary surveys of the grower, the 

agronomist and the production manager  for the operating pilot area. 

This approach aims at increasing the credibility of the LCA analysis 

(LCI), as well as in drawing conclusions based on the local 

agricultural and economic conditions. As a result, primary site-

specific data were obtained. To complete the life cycle inventory, 

data associated with the operations performed in the background 

systems (agro-chemicals production, fertilizer production, 

machinery production and transportation) may be drawn from 

literature and other available LCI databases, such as Professional 

and Ecoinvent (Ecoinvent, 2015 and Thinkstep, 2014). 

The data are confirmed by the Expert and rechecked in advance 

to validate the results. 

3.4.2. Life Cycle Impact Analyses 

Life cycle impact analysis aims to understand, evaluate and 

present the results and their significance of the potential 

environmental impact of the  production unit.  

First – the applied techniques and processing have been 

classified to see their place in the scale of the impact. 

Second: The complex system has been characterized by their 

basic features and reliability and classified as having a low or high 

environmental impact. 

Third: The production and processing systems applied was 

validated. 

The production  has been carried out by using program OPEN 

LCA 1.6. + Data Base  Agribalise 1_2_2_ it  

The field technological processes were considered: 

Transport 
Apple juice production  
Production system 
Graphical  presentation of the model  
Graphical  presentation of the model  - continue 
Calculation of the parameters – intermediate stage   
Analysis of the results - Acidification potential 
Analysis of the results -  climate changes  
Depletion of the abiotic resources 
Depletion of the abiotic resources –fossil fuels 
Depletion of the abiotic resources - euthrofication 
Depletion of the abiotic resources – fresh water 
Human toxicity  
Marine aquatic ecotoxicity  
Ozone layer depletion  
Photochemical oxidation  
 Terrestrial ecotoxicity   
The summary of the analysis is presented in Table 2. 

 

Table 2.Results of the data treatment by using OPEN LCA 1.6. program + 

Data Base

 

In addition an another functional unit could be added such as 

1 kg of apples intended for fresh consumption, delivered at the 

retailer.  

Main assumption of the LCA approach in the production phases 

for 1 kg apple commercialized in 1 kg plastic bag 

Consumption of water and diesel fuel was estimated according 

to the real consumption of the selected farm.  

Impact category Reference unit Result 

Acidification potential - average Europe kg SO2 eq. 0,001007 
Climate change - GWP100 kg CO2 eq. 0,144177 
Depletion of abiotic resources - elements, ultimate 
reserves kg antimony eq. 0 
Depletion of abiotic resources - fossil fuels MJ 153,9 
Eutrophication - generic kg PO4--- eq. 0,000249 
Freshwater aquatic ecotoxicity - FAETP inf kg 1,4-dichlorobenzene eq. 0,000298 
Human toxicity - HTP inf kg 1,4-dichlorobenzene eq. 0,004037 
Marine aquatic ecotoxicity - MAETP inf kg 1,4-dichlorobenzene eq. 0,126635 
Ozone layer depletion - ODP steady state kg CFC-11 eq. 0 
Photochemical oxidation - high Nox kg ethylene eq. 8,98E-06 
Terrestrial ecotoxicity - TETP inf kg 1,4-dichlorobenzene eq. 0,000151 
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Data on other consumption (fertilizers and pesticides) have been 

obtained by the production specifications of the area and then 

validated with specific information. 

Data about yields were calculated considering the average age 

of the trees and the production volume. The yield was weighted by 

electronic measurement system at the factory entrance. 

Data about produced waste were measured and collected by the 

expert. 

The land use change is not included in the calculation, since 

almost all the orchards are in the studied areas last for more than 5 

years. 

The global warming potential caused by the cultivation phase 

was additionally assessed by considering an average apple orchard 

managed according to the integrated fruit production guidelines 

yielding 50 t ha-1 y-1. 

To investigate the role of the farm structure on the carbon 

footprint of apples, simulations about fuel consumption the expert 

team create model with different field sizes and field distances from 

the factory (farm) center were carried out. The experimental plot 

(1.5 ha), entirely cultivated with apple trees play role as a 

representative of many farms in Kyustendil region, was selected as 

model for the simulations. The total farm surface was split into 15 

fields with an average size of 0.10 ha and a distance from the farm 

center ranging from 200 to 1200 m. 

 In this phase electric energy consumptions, water consumption 

and waste production both for processing and for storage have been 

considered. 

Data were collected from a sample of plants. 

 Packaging 

The presented data refer to the selling apples considering the 

use of 1 kg plastic bag. 

 Distribution 

The impacts referred to the transportation phase have been 

calculated considering an average transport of 90 km by truck and 

130 km by ship, which takes into account the delivery to Sofia 

markets and to Tessaloniky port, as well as smaller amounts 

distributed the other local markets. 

 Results and discussion 

 The main results of the LCA approach are shown in Table 3 

 Table 3. Environmental impacts of the apple production chain in the 

four considered impact categories. Data are referred to 1 kg of apples 

commercialized in a plastic bag.
Potential 

impact   

Cultivation Processin

g 

Packagin

g 

productio

n 

Transporta

tion 

Total  

Global 

Warming 

Potential  

0.03 0.05 0.01 0.08 

0.17  

kg 

CO₂ 
eq  

Photoche

mical 

Ozone 

Creation 

Potential  

0.06 0.02 0.03 0.07 

0.18  

g 

C₂H₄ 

Acidificati

on 

Potential  

0.29 0.20 0.04 0.50 

1.03  

g SO₂ 
eq 

Eutrophica

tion 

Potential  

0.42 0.09 0.01 0.13 

0.65  

g PO₄- 
eq  

 Transportation had the highest impact on the Global Warming 

Potential, followed by processing, cultivation and packaging 

production, fig. 4. 

Figure 4. Contribution of the different production phases to the Global 

Warming Potential impact category. 

Transportation has a high GWP because it occurs mainly by 

trucks. Transport by sea or railway could be a solution to decrease 

these emissions, but difficult to realize in this area. Processing has 

also a high relevance because in this phase cool storage is included 

and it is a process that requires a significant amount of electric 

energy. 

Cultivation is the third contributor in terms of GWP. The main 

impacts in this phase are due to the amount of diesel for machinery 

and to production and use of fertilizers (table 4). 

Table 4.Carbon footprint of the Red delicious apple during the cultivation 

(cradle to gate) phase (data from Mazzetto et al., 2012).
Source of emission CO2 emissions 

(GWP)

kg CO2 eq kg-1 

Infrastructure  

Buildings 0.002 4 

Machinery 0.013 25 

Planting scaffold 0.001 2 

Irrigating system 0.007 14 

Planting material 0.001 2 

Annual management 

Fertilizers 0.006 12 

Herbicides 0.002 4 

Pesticides 0.003 6 

Labour 0.001 2 

Fuel 0.015 29 

TOTAL  0.051 100 

Fig.5. Graphical presentation of the Carbon footprint of the Red 

delicious apple during the cultivation 

The total value of C footprint for the cultivation phase of apple 

is relatively low when compared with other fruit cultivation (data 

expressed in MJ kg-1 of primary energy use) also due to the high 

yields reached by modern apple orchard that allow a good use 

efficiency of external resources.

 Fuel consumption resulted to be among the most important 

impact factors also in apple produced in other countries, and in 

other fruit production chain like olive and grape (Zanotelli et al., 

2014). 

The sensitivity analysis carried out for the cultivation phase 

with the analytical approach, quantifies the linear increase of fuel 

consumption observed by increasing the distance of the fields from 

the farm center (Table 5). 

The consumption due to the machines transfer can reach 50% of 

the total when the fields (with an average size of 0.26 ha) are 

located at more than 1500 m from the farm (Tab 6). The simulation 

reported in table 9 has been carried out considering an average 

apple production of 45-50 t ha-1. 
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Table 5.Simulation of changes in fuel consumption for machinery (as total 

yearly amount and as % due to the transfer of machinery) due to the 

increasing distance of the apple orchard from the farm-center.

Distance   farm  

center - field 

Fuel consumption  % of fuel consumption 

due to the transfer of 

machinery from the farm 

center to the field 

m kg ha-1 % 

200 297 10 

500 346 26 

1000 428 36 

1500 509 45 

2000 583 52 

4000 911 67 

Fig. 6.  Change of fuel consumption for company machines

A second simulation aimed to assess the variation in fuel 

consumption when the apple fields, 1000 m far from the farm center 

and yielding 50 t ha-1 of apples, varies their size from 0.20 to 10 ha. 

Results show that there is a sharp decline in fuel consumption at 

increasing field size (Tab. 6). 

Table 6.Simulation of changes in fuel consumption for machinery (as total 

yearly amount and as % due to the transfer of machinery) due to the 

increasing size of the fields. An average yield production of 50 t ha-1 and a 

distance of the fields to the farm center of 1000 m was considered in the 

sensitivity analysis.

Field surface Fuel consumption % of fuel 

consumption due to 

the transfer of 

machinery

ha kg ha-1 % 

0.20 426 36 

0.5 358 30 

1 306 23 

2 277 19 

4 261 17 

8 254 17 

Fig.7. Simulation of changes in fuel consumption for machinery (as total 

yearly amount and as % due to the transfer of machinery) due to the 

increasing size of the fields. An average yield production of 50 t ha-1 and a 

distance of the fields to the farm center of 1000 m was considered in the 

sensitivity analysis.

4. Conclusions

 Results show that 1 kg of apple, in a cradle to retailer

perspective, have a GWP of 0.17 kg CO₂ eq., a POCP of 0.18 g 

C₂H₄-eq., a AP of 1.03 g SO₂-eq and a EP of 0.65 g PO₄3-eq.  

 The main contributor of the C footprint during the

cultivation phase was the consumption of fuel for machinery, which 

significantly changed according to the distance from the farm center 

and the field size.  

 Considering the difficulties in performing an LCA study

at a farm level, especially due to the adoption of a good sampling 

strategy, we believe that the approach used in this study reconciles 

feasibility of data collection and statistical significance. 

 The carbon footprint of the whole apple production chain

is dominated by the emission occurring in the transport phase from 

the storehouse to the final market. The use of more efficient 

transportation means with respect to truck should be explored in the 

future.  

 This analysis contributed to increase the awareness of

environmental impacts of apple production and constitute a 

scientific basis for improving the sustainability of the whole apple 

production chain.  
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