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ABSTRACT: This study assessed the environmental impacts of sugar beet production in East Azerbaijan 
province of I. R. Iran in terms of a life cycle assessment with considering three farms size level. Moreover, 
this work gathered comprehensive data for sugar beet production that can be used in subsequent LCA 
studies. Eleven impact categories using CML 2 baseline method and three impact categories using 
USEtox method were assessed in order to identify the main hotspots and characterize of the production 
process.  The results of this study revealed that there was no significant difference between Large farms 
(LFs) and small farms (SFs) from pollutant contribution point of view; while the medium farms (MFs) had 
the lowest share in the both of the methods impact categories. Machinery and electricity recognized as 
the main hotspot in the production period. Furthermore, Biocide and nitrogen were the other important 
hotspots. This study suggested that reduction or substitution of machinery, electricity, biocide and nitrogen 
applying in production process should be considered in future studies. 
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INTRODUCTION 
 

 Sugar beet is mainly used for human food, livestock feed and in industry. The two main sources of sucrose 
(sugar) for human consumption are sugar cane and sugar beet. About one fourth of the world’s sugar production 
comes from sugar beet (about 40 million tons in 1999). Sugar content of sugar beet is about 25% higher than that 
found in sugar cane (Salehi, 2015). In Iran, sugar beet is one of the most important farm products due to its role in 
the nutrition and health of people. It should be noted, Iran has the fourteenth place of sugar beet production in the 
world and East Azerbaijan province of Iran is one of the main producers of sugar beet with yield of 20230 ton (FAO, 
2015). Emissions from agriculture, however, shows an increasing trend during the last two decades due to a high 
application of synthetic nitrogen, direct energy inputs and intensive use of farm machinery in Iranian agriculture 
(Sabzevari, 2015). Production, formulation, storage, and distribution of these inputs and utilization with engine based 
equipment result in combustion of fossil fuels, and also emissions of GHGs like CO2, N2O and CH4 into the 
atmosphere that these emissions are responsible for global warming (Nabavi-Pelesaraei, 2014a; Mohammadi, 2013). 
Besides the energy consumption, greenhouse gas (GHG) emission and global warming potential (GWP) issues are 
also critical in the agricultural production systems in recent twenty years (Yousefi, 2014). 

 Over the last few decades, environmental issues (e.g. pollution and global warming, resource depletion, etc.) 
have attracted much attention. Natural resources of the earth are so finite that human beings are being urged to take 
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proper action to ease the situation. In response, life cycle assessment (LCA) is a tool that was developed to measure 
such environmental impacts (Chang, 2014). LCA techniques have been developed since the late 1960s in order to 
analyze environmental impacts of various products or companies (Klein  2015). Following ISO 14040 definitions, a 
LCA is the “compilation and evaluation of the inputs, outputs and the potential environmental impacts of a product 
system during its lifetime,” (ISO, 2006)  and thereby, the considered impacts in a LCA can be manifold and imply 
categories like Global Warming Potential (GWP) and Acidification but also categories like biodiversity (Klein  2015). 

 Some studies have focused on greenhouse gas emissions in Iran including Soheili-Fard  (2014) investigated the 
relation between CO2 emissions and yield of tea production, Yousefi  (2014) evaluated the energy use, greenhouse 
gas emissions and global warming potential for sugar beet agro-ecosystems, Nabavi-Pelesaraei  (2014b) determined 
the energy use pattern, greenhouse gas (GHG) emission and energy input relationship with yield and total GHG 
emission for sugar beet production under three cultivated area levels and In another study, Salehi  (2015) determined 
the energy balance, greenhouse gas emissions and global warming potential for sugar beet production. The life cycle 
assessment (LCA) is a suitable method for evaluating the environmental impacts of agricultural production which has 
been used in several studies in Iran such as hazelnut production based on orchards size levels (Sabzevari, 2015), 
peanut production (Nikkhah, 2014) and olive oil production (Rajaeifar, 2014). 

MATERIALS AND METHODS 
 

 LCA divided into four distinct interdependent phases: Goal and scope definition, Life cycle inventory analysis, 
Life cycle impact assessment and Life cycle interpretation (ISO, 2006) that are described below. 

Goal and scope definition  

 The Goal and scope definition is the phase in which the initial choices which determine the working plan of the 
entire LCA are made (Guinée, 2002). Therefore, the goal of this survey was to study the environmental consequence 
of impact categories on the sugar beet production. The study was a cradle to gate analysis of sugar beet production 
and the system boundaries were defined as shown in Fig. 1. 

 

 

Figure 1. System boundary of sugar beet production process in Iran 

 The functional unit is a quantitative measure of the functions that the goods (or service) provide. The result from 
the LCI is a compilation of the inputs (resources) and the outputs (emissions) from the product over its life-cycle in 
relation to the functional unit (Finnveden, 2009). For an easier comparison with other works, the functional unit 
adopted was 1 ton of sugar beet, which was produced during considered production period.  

Life cycle inventory analysis  

 The inventory analysis consists of the gathering of data about the resource use, energy consumption, emissions 
and products resulting from each activity in the production chain (ISO, 2006). The production chain, or system 
studied, can be divided into the foreground and the background system. The foreground system contains the most 
important parts of the studied system for which specific data need to be gathered. The background system contains 
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production of packaging materials and other supply materials, electricity and transports (Ndiaye, 2009). As a 
quantitative method, LCA has high requirements for data quality and is sensitive to uncertainties In LCA, data are 
collected and stored at the LCI stage (Chang  2014). A detailed of LCI data for sugar beet production based on three 
different farm size (<2 ha, 2-4 ha, >4 ha) illustrated in Table 1. 

Data collection and processing 

 This study follows the previous study which was conducted on modeling of energy use and greenhouse gas 
emissions of sugar beet production using linear regression and Cobb-Douglas production function (Nabavi-
Pelesaraei, 2014b). Accordingly, data used in this study were obtained from 37 sugar beet farms from 7 villages in 
East Azerbaijan province of Iran in 2012–2013 crop years. 

 Inventory data for the background system were obtained from databases. Data for the emissions related to the 
diesel consumption, adapted from Nemecek and Kagi (2007) and Nielsen  (2005). Inventory data for utilization of 
machinery as well as production of nitrogen, phosphate, farmyard manure, biocides and diesel consumption were 
taken from the Ecoinvent database (Nemecek, 2007).  

Life cycle impact assessment  

 The Life cycle impact assessment (LCIA) is aimed at understanding and evaluating the magnitude and 
significance of the potential environmental impacts of the studied system (Finnveden, 2009). The purpose of 
assessment is to provide further insight into the inputs and output of sugar beet production system. The impact 
categories analyzed based on CML 2 baseline (Guinée, 2002) method in this study were: Abiotic depletion (AD), 
Abiotic depletion fossil fuel (AD fossil fuel), Acidification (AC), Eutrophication (EP), Global warming (GW), Ozone 
layer depletion (OLD), Human toxicity (HT), Fresh water aquatic ecotoxicity (FE), Marine aquatic ecotoxicity (ME), 
Terrestrial ecotoxicity (TE) and Photochemical oxidation (PO). 

 AD is related to extraction of minerals and fossil fuels due to inputs in the system under study; it is expressed as 
kilogram of antimony-equivalent/kilogram of extraction (González-García, 2009). AC has a wide variety of impacts 
on soil, groundwater, surface waters, biological organisms, ecosystems and materials. AC is expressed in kg SO2 

equivalents. ME for each emission of a toxic substance to air, water and/or soil express in kg 1, 4- dichlorobenzene 
equivalent per kg emission. GW was exercised to express the contribution that gaseous emission from the arable 
farm production systems makes to the environmental problem of climate change. The upshot of indicator is articulated 
as kg of the reference substance, CO2. HT covers the impacts of present toxic substances exciting in the environment 
on human health. TE refers to the impacts of toxic substances on terrestrial ecosystems. HT and TE are expressed 
in kg 1,4-dichlorobenzene equivalent. EP covers all potential impacts of excessively high environmental levels of 
macronutrients; the most important of which are nitrogen (N) and phosphorus (P). EP is demonstrated by kg PO4

-3 
equivalent. PO is the formation of reactive chemical compounds such as ozone by the action of sunlight on certain 
primary air pollutants. These reactive compounds may be injurious to human health and ecosystems and may also 
damage crops. The result of this indicator is illustrated by kg of the reference substance, ethylene. FE for each 
emission of a toxic substance to air, water and/or soil express in kg 1, 4-dichlorobenzene equivalents per kg emission. 
Ozone layer depletion in the steady state for each emission to the air express in kg CFC-11 equivalent per kg 
emission (Guinée, 2002). 

  The USEtox model is an environmental model for characterization of human and ecotoxicological impacts in 
LCIA and Comparative Risk Assessment (Huijbregts, 2010). The USEtox model tackles the estimation of 
characterization factors of chemicals emissions in different compartments, with regard to human toxicity and 
freshwater ecotoxicity. It contains a chemical fate model that takes into consideration a part of the substances’ future 
in air, water and soil (Berthoud, 2011). It currently enables the calculation of globally applicable characterization 
factors for assessing three impact categories at midpoint, namely freshwater ecotoxicity (CTUe = PAF.m3.d.kgemitted

-

1) and human toxicity (CTUh = cases.kgemitted
-1), differentiated into cancer effects and non-cancer effects (Laurent, 

2011). 
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Life cycle interpretation  

 Iteration between life cycle interpretation and the other LCA phases often occurs (Reap, 2008). Data 
interpretation is the last step in the LCA process. At this stage, results are analyzed and recommendations are given 
to decision-makers (Chang, 2014). 

 Basic information on LCI of sugar beet production was entered into Excel 2010 spreadsheets and SimaPro 8.0.3 
software package.  

RESULTS AND DISCUSSION 
 

 The object of this work was the comparative environmental assessment of sugar beet production in three different 
farm sizes (<2 ha, 2-4 ha, >4 ha) using LCA methodology based on ISO 14040 (ISO, 2006) guideline. The scope of 
the present study consisted of agricultural practices, energy and non-energy inputs employed during the farming 
season (Fig. 1). The inventory data for 1 ton sugar beet production during one crop year tabulated in Table 1. 

Table 1. Life cycle inventory data of 1 ton sugar beet production in small, medium and large farms 

 

Inputs Units Small farms Medium farms Large farms 

A. Inputs                  

1. Machinery kg 3.61 3.85 4.14 

2. Diesel fuel L 2.54 2.64 2.66 

3. Chemical fertilizers      

    (a) Nitrogen  kg 2.66 2.76 2.76 

    (b) Phosphate (P2O5) kg 2.64 2.80 2.74 

4. Manure kg 65.73 67.89 66.80 

5. Biocides kg 0.10 0.10 0.11 

6. Electricity kWh 30.60 31.84 29.73 

7. Water for irrigation m3 184.33 151.40 152.51 

8. Seed kg 0.03 0.03 0.03 

 

 Eleven impact categories (AD, AD fossil fuel AC, EP, GW, OLD, FE, ME, HT, TE, and PO) using CML 2 baseline 
method and three impact categories (Human toxicity cancer, Human toxicity non-cancer and Ecotoxicity) using 
USEtox method were assessed in order to identify the main hotspots and characterize of the production process. 
The relative contribution of impact categories in different farm sizes illustrated in Table 2 and Fig. 2. The result of 
investigations revealed that LFs and SFs had the highest and roughly equal value in most of the impacts. It should 
be noted the value LFs was more than SFs in AD and OLD impact categories. Moreover, the relative contribution of 
SFs was higher than LFs in AD (fossil fuels), GW, PO and AC with a trivial difference. 
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Table 2. Values of the sugar beet production impact categories 

Impact categories Units Small farms Medium farms Large farms 

AD kg Sb eq 6.92E-04 6.56E-04 6.69E-04 

AD (fossil fuels) MJ 8.99E+02 8.96E+02 9.07E+02 

GW kg CO2 eq 7.62E+01 7.57E+01 7.67E+01 

OLD kg CFC-11 eq 4.01E-06 3.75E-06 3.82E-06 

HT kg 1,4-DB eq 6.20E+01 5.88E+01 6.19E+01 

FE kg 1,4-DB eq 1.98E+01 1.89E+01 1.98E+01 

ME kg 1,4-DB eq 4.99E+04 4.82E+04 5.00E+04 

TE kg 1,4-DB eq 5.74E-02 5.37E-02 5.73E-02 

PO kg C2H4 eq 3.34E-02 3.26E-02 3.36E-02 

AC kg SO2 eq 4.79E-01 4.83E-01 4.84E-01 

EP kg PO-3 
4 eq 7.20E-01 6.73E-01 7.18E-01 

 

 

Figure 2. Comparative assessment of different farm size in each impact categories using CML method 

 Based on Table 2 and Fig.2 MFs in all of the impacts categories except in AC impact category had the lowest 
contribution. Nevertheless, in terms of environmental burdens, MFs are known as the best form of farm size for sugar 
beet production.  

 The result of a comparative assessment of different farm size in each impact categories using USEtox method 
demonstrated in Fig. 3. As can be seen, LFs and SFs like CML method had the largest value in impact categories 
and the MFs recognize as the lowest contributor in each impact categories. The mean value of Human toxicity cancer, 
Human toxicity non-cancer and Ecotoxicity were obtained 1.69E-06 CTUh, 8.49E-06 CTUh and 3.86E+02 CTUe, 
respectively. 
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Figure 3. Comparative assessment of different farm size in each impact categories using USEtox method. 

 

Table 3. Environmental hotspots of sugar beet production in each impact category 

Impact categories  Hotspots 

AD Machinery, biocide, phosphate and nitrogen 

AD (fossil fuels) Electricity, machinery and nitrogen 

GW Machinery, electricity, nitrogen and diesel fuel 

OLD Biocide, machinery and nitrogen 

HT Machinery, electricity 

FE Machinery, electricity and nitrogen 

ME Machinery, electricity and nitrogen 

TE Machinery 

PO Machinery and electricity 

AC Electricity, machinery and nitrogen 

EP Machinery 

 

 The main hotspots have been demonstrated in Table 3 in each impact categories. According to this, machinery 
and electricity were the main hotspots occur in the sugar beet production excepted in the OLD impacts category that 
biocide was the major hotspot. Despite the fact, nitrogen was not the main hotspot, it had high impact in each 
category.  

Conclusion 

 This study deals with the interface between energy consumption and its related emissions that provides 
comprehensive data for a cradle-to-gate assessment related to different farm levels in the East Azerbaijan province 
of I. R. Iran. Regarding to farms levels, LFs and SFs identified as the most contributor to the CML and USEtox impact 
categories. Nonetheless, in terms of environmental viewpoint, MFs due to lowest share in impact categories, are 
known as the best form of farm size in sugar beet production. Machinery and electricity recognized as the main 
hotspot in the production period. Furthermore, Biocide and nitrogen were the other important hotspots. It’s 
significantly understandable that reduction or substitution of machinery, electricity, biocide and nitrogen applying in 
production process should be considered in future studies. Consequently, environmental performance improvements 
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might be achieved by enjoying the full advantage of machinery employment and reducing electricity, biocides and 
fertilizers consumption. 
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