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Summary 

The aim of the study was to determine the carbon footprint of soybean meal 
and crude soybean oil produced by the company ATK (exclusively 
processing Europe Soya soybeans from Ukrainian cultivation).  

The CO2 balance was carried out using the life cycle analysis method and 
closely follows the international life cycle assessment guidelines (ISO 14040 
and 14044). The CO2 balance covers soybean cultivation including upstream 
processes, transport of the beans to the factory, processing into soybean meal 
or soybean oil. The scope of the study ends at the factory gate. 

The key findings are: 

• The greenhouse gas emissions of the balanced soybean meal are 0.363 
kg CO2-eq / kg soybean meal. 

• The Greenhouse gas emissions of the balanced soybean oil is 0.686 kg 
CO2-eq / kg soybean oil. 

• In both cases, 77.7% of greenhouse gas emissions are caused during 
cultivation (0.28 kg CO2-eq for soybean meal, 0.53 kg CO2-eq for 
soybean oil). Only 22.3% of greenhouse gas emissions are caused 
while processing (0.08 kg CO2-eq for soybean meal, 0.15 kg CO2-eq 
for soybean oil) 

• More than 50% of the greenhouse gas emissions generated during 
processing are energy-related (36% electricity, 19% gas) and 37% are 
waste-related (19% waste disposal, 18% wastewater treatment). The 
remaining 8% is due to the transport of the soybeans from the 
cultivation areas to the factory. 
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1. Method 

1.1 Objective 

The aim of this study was to examine the greenhouse gas emissions of 
soybean meal and soybean oil produced by ATK along the value chain from 
agriculture, including the upstream chain, to the finished product. 

The main raw material, soybean, originates from the Ukraine and is Europe 
Soya certified.  

1.2 Method, system boundaries and functional unit 

The carbon footprint is closely aligned with international life cycle 
assessment guidelines (ISO guidelines 14040 and 14044). Material and 
energy flows along the entire value chain were accounted for. From the 
primary production of the basic and concentrated feedstuffs, including 
upstream processes (fuel, production materials and energy requirements, 
etc.), through soybean cultivation and transport to the factory site and 
processing there. Based on the system boundaries considered, the 
greenhouse gas emissions for the functional unit 1 kilogram soybean meal 
or 1 kilogram soybean oil were considered. The ReCiPe 2016 Midpoint (H) 
V1.07 / World (2010) method was used to calculate CO2 eq emissions. For 
the allocation of environmental impacts to two or more products from one 
process, the economic allocation, were used. Allocation by mass and by 
energy were also performed. The results of these two allocation variants can 
be found in the form of an overview table in the appendix. The same applies 
to the results of the other impact categories of the calculation method Recipe 
2016 Midpoint (H), which are not treated further during this investigation 
due to the focus of the investigation "climate impact". 
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1.3 Data collection 

 

For the primary data collection, FiBL provided the ATK company with a 

questionnaire containing the parameters relevant for the greenhouse gas 

balance. 

The primary data cover the following areas: 

- Processing quantities of raw materials, quantity of goods produced and 

economic key figures. 

- By-products produced 

- Material input (water, hexane) 

- Energy consumption (electricity, gas) 

 

This allowed for an accurate life cycle inventory for soybean meal/soybean 
oil production. Where primary data were not available, existing peer-
reviewed scientific literature, statistical data, and existing LCA datasets from 
Ecoinvent 3.8 (Wernet et al., 2016), Agribalyse 3.0 (Asselin-Balençon et al., 
2020), and Agri-Footprint 5.0 (Van Paassen et al., 2019) were used.  

For the cultivation of soybeans, on which the soybean meal production is 
based, CO2-eq values for soybean cultivation in Ukraine were provided to 
FiBL by the Donau Soja Association.  

The data basis on which the calculation of greenhouse gas emissions is based 
is described below. 
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1.3.1 Production data 

In 2021, 150,747 tons of soybeans were processed by ATK. From this quantity, 
109,069.5 tons of soybean meal and 25,930.6 tons of soybean oil were 
produced (see Table 1). This results in a proportional mass ratio of 80.8% to 
19.2% for soybean meal and soybean oil based on one unit of soybeans. The 
straw produced is not considered further due to its low monetary 
importance (< 5%). 

Weight of processed soybeans 2021 (t) 150747 - 

Weight of produced soybean meal 2021 (t) 109069.5 72.4% 

Weight of produced soybean oil 2021 (t) 25930.6 17.2% 

Weight of accrued straw 2021 (t) 11978.6 8% 
Table 1 – Processing Quantities 

1.3.2 Economic Data 

The average prices achieved per ton of product, as well as the total for the 
processed products, are shown in Table 2. Based on the proportional mass 
ratio (see chapter 1.3.1) and the ratio of the average prices of soybean meal 
and soybean oil, the overall economic ratio is 69% (soybean meal) to 31% 
(soybean oil). This ratio was used for the economic allocation of the 
environmental impact in this study. 

Average price per ton of soybean meal sold 2021 (€) 633 

Average price per ton of soybean oil sold 2021 (€) 1199 

Price of soybean meal sold Total 2021 (€)       69040993.50   

Price of soybean oil sold Total 2021 (€) 31090789.4 

Monetary share of by-product soybean meal in %. 69% 

Monetary share of by-product soybean oil in %. 31% 
Table 2 - Economic allocation 

1.3.3 Energy 

The energy consumption of the production process for the year 2021 is 
shown in Table 3. The electricity consumption amounts to about 9.5 million 
kWh. The annual gas consumption was around 26,000 gigajoules. 

Annual electricity demand (kWh) 9529546 

Annual natural gas demand (GJ) 25957.868 
Table 3 – Energy Demand 
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1.3.4 Other materials 

In addition to the main raw material, soybeans, two other components are 
used while processing - hexane and water. The amount of hexane used in 
2021 was 36.5 tons. Water consumption amounted to 79,400 m³ (see Table 4). 

Hexane demand (t) 36.533 

Water demand (m³) 79413 
Table 4 – Other Materials 

1.3.5 Transport 

ATK's factory plant is located in Adampil, Ukraine. Khmelnytsky, Zhytomyr, 
Vinnitsa and Rivne were indicated as the main soybean growing areas. 
Distances between cultivation areas and factory sites are shown in Table 5. 
From these distances, an average value for the transport distance of 122.5 km 
was calculated. This was used for the greenhouse gas balance of the truck 
transport. 

Chmelnyzkyj to Adampil (km) 80 

Zhytomyr to Adampil (km) 120 

Vinnitsa to Adampil (km) 100 

Rivne to Adampil (km) 190 

Average distance from cultivation to factory (km) 122.5 
Table 5 – Transport Distance 

1.3.6 Cultivation of Soybeans 

Greenhouse gas emissions from soybean cultivation were not collected as 
part of this study. The CO2-eq values of soybean cultivation of Europe Soya-
certified soybeans grown in Ukraine, based on calculations by Blonk 
Consultants, were provided by Donau Soja Association. Per kg of soy, 
greenhouse gas emissions are 0.2968 kg CO2-eq. 
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2. Results 

2.1.1 Overview 

Table 6 below provides an overview of the greenhouse gas emissions in kg 
CO2-eq / kg soybean meal or soybean oil for all processes. 

kg CO2-eq / kg  
Soybean 

meal 

Soybean 

oil % 

Soybean cultivation 0.28 0.53 77.68% 

Energy, Electricity 0.03 0.06 8.02% 

Energy, natural gas 0.02 0.03 4.15% 

Hexane production 0.00 0.00 0.06% 

Truck transport from cultivation to 
factory 0.01 0.01 1.90% 

Waste disposal 0.02 0.03 4.21% 

Wastewater treatment 0.01 0.03 3.98% 

TOTAL 0.36 0.67 100% 

Table 6 – Overall Results 

The greenhouse gas potential for the production of 1kg soybean meal, using 
Europe Soya certified soybeans from Ukraine, is 0.36 kg CO2-eq and 0.67 kg 
CO2-eq for soybean oil. With 77.7%, the cultivation of soybeans has the 
clearly largest share of the total emissions in each case. Energy-related GHG 
emissions amount to about 12%, and waste and wastewater treatment 
account for about 8%. Transportation by truck causes less than 2%, and 
production of the required hexane less than 1%. 

The following Figure 1 shows the greenhouse gas emissions for soybean 
meal and oil in an overview and aggregated form, and Figure 2 shows the 
average percentage distribution of the aggregated processes. 
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Figure 1 - GHG-Emissions for 1kg of Soybean Meal / Soybean Oil in kg CO2-eq 
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Figure 2 - Distribution of average GHG emissions in % 
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2.1.2 Results processing 

Considering only the results of processing, excluding soybean cultivation, 
the GHG emissions for one kg of soybean meal are 0.081kg CO2-eq and for 
one kg of soybean oil 0.153kg CO2-eq (see Figure 3). 

 

 
Figure 3 - GHG-Emissions for Processing of 1kg of Soybean Meal / Soybean Oil in kg CO2-eq 
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Figure 4 - Distribution of average Processing-GHG emissions in % 
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meal produced or the soybean oil produced would be more than twice as 

high (see Figure 5).1 The reduction potential from processing DS-certified 

soy from Ukraine is about 56 percent compared to processing Soybeans from 

the average European-cultivated soybean mix. 

 

 
Figure 5- Comparison of GHG-Emissions with soybeans of different origin, intended for internal use only. 

 

Furthermore, it is crucial to which extent the soybeans originate from regions 

in which deforestation occurs due to soybean cultivation or has occurred in 

the past 20 years. In particular, the part of soy imports originating from 

South America is directly or indirectly linked to the destruction of tropical 

forests and savannas in Brazil and Argentina due to soy cultivation there 

(Schlatzer and Lindenthal, 2019; Schlatzer et al., 2021). Feeding soybean meal 

from European cultivation thus holds great reduction potential in terms of 

CO2 eq emissions. However, LULUC emissions can vary greatly depending 
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In an LCA study of soy production in Brazil and Argentina, Castanheira and 

Freire (2013) showed that GHG emissions per kg of product can vary from 

 

1 This comparison is intended for internal purposes. In the event of publication/media exploitation 

of comparative LCA results, a Critical Review must be carried out in accordance with ISO 

14040/44. 
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0.3 kg to 17.8 kg CO2-eq (including emissions from cultivation, land use 

change, and transport). 

 

4. Uncertainty analyses 

 

Life cycle assessment data are subject to uncertainties, which were subjected 
to a separate analysis in order to be able to make statistically reliable 
statements. For the following uncertainty analyses (Monte Carlo simulation), 
a confidence interval of 95% applies, i.e. only in 5% of all possible cases does 
the result lie outside the specified ranges. 1,000 calculation runs per analysis 
were performed. The following analyses refer to 1kg soybean meal / soybean 
oil. As can be seen in table 7, the results may show certain ranges, for 
example due to fluctuating yields. 

Impact Category Unit 5% 95% 

Recipe 2016 Midpoint (H) kg CO2-eq / kg Product   
1kg Soybean Meal 0.334 0.39 
1kg Soybean Oil 0.632 0.742 

Table 7 - 95% confidence interval for 1kg soybean meal and 1kg soybean oil 
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