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Abstract: Nowadays, consumers have growing expectations for healthier and higher-quality food, 
and sustainable food choices are also taking on an increasingly central role. This paper assesses the 
environmental loads and energy resources of vegan, semi-vegetarian, and traditional restaurant 
soups and main dishes, focusing on preparation and cooking phases based on the life cycle assess-
ment. The optimal menu samples were selected based on statistical methods. Mann-Whitney and 
Kruskal-Wallis tests were applied to investigate restaurant products' distribution and carbon foot-
print. Based on the results, the preparation phases have a more significant impact. The environmen-
tal loads for the life cycle of vegan and semi-vegetarian menus are lower. Furthermore, a sustaina-
bility assessment model was developed by integrating lean and life cycle assessment approaches 
called "GreenCycLEAN." Research results are helpful for the sustainability of catering establish-
ments. 

Keywords: sustainability; green lean; life cycle assessment; environmental impacts; statistical meth-
ods; sustainability assessment model; GreenCycLEAN 

 

1. Introduction 

1.1. Research History and Hypothesis 

Consumer demands and habits have changed today because of the influence of 
trends focusing on healthier and more sustainable meals. On the one hand, the ageing 
population changes the purchasing behaviour of its age group, and on the other hand, the 
market positions of generations Y and Z are different. Today, the dilemma of "living to 
eat" seems to dissolve, and the "eating to live" dilemma comes into view. Sustainable De-
velopment Goals (SDGs) and the Circular Economy (CE) have started a field requiring a 
more sustainable approach to consumption by reducing material and energy resources 
[1–3]. Considering sustainable consumption, minimizing material and energy resources 
should become one of the future priority goals of the catering industry, especially in the 
preparation and cooking phases of restaurant dishes. At the same time, new management 
approaches follow sustainability. The Lean system is based on value streamlining and 
continuous improvement, optimizing production to adapt to constantly changing condi-
tions [4]. Lean production focuses on food waste (in Japanese, "muda") by making the 
problem of food waste and food loss cover the entire food chain. Food losses take a lot of 
time in the production process. According to Lipińska et al. [5], muda is a human activity 
that consumes resources without creating value. Lean is a flexible process that reduces 
errors and lead times and constantly monitors processes. This "real-time" approach can 
cut the cost of live labour by up to half [6]. The Green Lean approach involves rigorous 
monitoring and assessment of processes to help optimize management's decision-making 
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[7, 8]. Some research results [9, 10] show that Green Lean can reduce energy from 20% to 
40%. The Green Lean approach can reduce food waste generated in the preparation and 
cooking phases in the catering industry [11]. Applying Green Lean in restaurants can 
make dish products and services more competitive. 

This research concerns the comparison of traditional, semi-vegetarian, and vegan res-
taurant dishes (two different soups and three main courses). From a life cycle assessment 
(LCA) viewpoint, restaurant dishes produce food waste in the preparation, cooking, and 
eating life cycle phases [12]. As a research hypothesis, knowing the environmental effects 
and primary energies of the life cycle of vegan, semi-vegetarian and traditional restaurant 
dishes could set up and compare different life cycle models for the two examined soups 
and three main courses. Furthermore, it can be assumed that the whole life cycle of vegan 
and semi-vegetarian restaurant dishes has less impact on our environment, and its pri-
mary energy values are also more favourable. 

 

1.2. The Literature Review 

The transformation of dietary habits is supported by increasingly widespread scien-
tific and dietetic evidence. In the literature, increasing the proportion of vegetables and 
fruits in the food pyramid is strongly recommended to prevent cardiovascular disease and 
obesity. A not insignificant aspect is that this dramatically reduces the calories consumed 
in the diet, avoiding the development of obesity [13]. The same motivation is behind 
changing the meat consumption pattern [14]. Poultry meat consumption shows the high-
est growth rate, followed by sheep meat, pig meat, and beef. Pork consumption has been 
growing less than bovine and ovine consumption since 2005. Calculations on consumer 
behaviour show that as living standards rise, so does consumption of higher-nutritional-
value foods (animal protein), as do pasta and vegetables. Looking over time, this context 
needs to be complemented by geographical aspects. Looking at the evolution of meat con-
sumption by country category, the upper-middle income group increased until 2014 [15]. 
Seafood is an essential part of the Mediterranean diet. Its positive effects on preventing 
chronic and inflammatory diseases have been scientifically proven. They also improve the 
condition and performance of the brain, eyes, and heart [16–20]. With increasing health- 
and environmental-conscious guests, the food industry has followed the catering indus-
try's demand for "functional" and new, exotic dishes [21, 22]. However, eating seafood is 
double-edged: it can source many pollutants, including persistent organic pollutants 
(POPs) and heavy metals. 

Energy efficiency is used in two senses: in a nutritional sense and in a food prepara-
tion sense. In the healthy sense, as being overweight [23–27] is a greater health risk in 
today's developed societies, one of the essential considerations when eating out is the 
amount of energy consumed per portion. The lower the energy content of a restaurant 
meal, the healthier it is in terms of interpretation. The way to achieve this is to increase the 
proportion of vegetables, increase fibre, and use as few processed raw materials as possi-
ble [28–32]. In the food preparation sense, energy efficiency can be expressed in terms of 
economy and circular economy. Studies of the circular economy theory have reinforced 
that dependence on resources can be reduced if they can be reused, renewed, or recycled. 
This is also true in the hospitality sector. Directly linked to the production (kitchen pro-
cesses), it is in the fundamental economic interest of the catering unit to use raw materials 
in the least wasteful way possible. They also must fulfil food safety standards (HACCP) 
[33–38]. Combining the two definitions and the above expectations, we started our re-
search with the question: is sustainable and healthy catering possible? After a decline of 
50.4% in 2020, the contribution of travel and tourism to GDP increased by 21.7% in 2021. 
In 2019, tourism and hospitality accounted for 10.3% of global GDP, falling to 5.3% in 2020 
(due to continued restrictions) and rising to 6.1% in 2021 [39, 40]. Regarding economic 
weight, tourism and catering are not the most critical sectors. The impact is much more 
significant if you include the health and well-being of the consumers who use its services. 
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Economic, environmental, and social pillars are needed to achieve sustainability in hospi-
tality [41, 2]. At the same time, hospitality services must meet healthy consumption crite-
ria. To ensure cost-effectiveness, the information operators provide must be accurate and 
reliable; the consumer, as a guest, must know the details of the chosen dishes [42–49]. 

 

1.3. Research Aims 

Today's health-conscious and environmentally friendly consumers increasingly de-
mand vegetarian, vegan, and sustainable dishes that retain their natural properties. There-
fore, the main research goal of the scientific work was to investigate the vegan, semi-veg-
etarian, and traditional two-course restaurant menus using a life cycle assessment 
method. The research study primarily focuses on the environmental impact and primary 
energy calculations for the lifecycle phases of three different menus. The literature distin-
guishes between many different eating strategies. Still, our eating strategies were selected 
based on the criteria of the dishes for which we had a database on our computer software. 
The selected restaurant dishes are well-known in Hungarian restaurants and kitchens. 
Their traditional and modern preparation and cooking methods are available. In the first 
step, the burdens of two different restaurant soups were quantified. The garlic cream soup 
is the first part of the two-course vegan and semi-vegetarian menus. The bean soup con-
tained beef, the first course on the traditional menu. The second step compared vegan 
(green salad), semi-vegetarian (fish with gnocchi), and traditional (Wiener Schnitzel) main 
dishes. The impact categories and the energy resources in the preparation, cooking and 
end-of-life phases for the three two-course menus were calculated. The further research 
aim was to compare soup and main dish samples using different statistical methods to 
find a sustainable and optimal scenario. The last part of the research study sets up a sus-
tainability assessment model (called GreenCycLEAN) that integrates LCA and Green 
Lean. 

 

2. Materials and Methods  

2.1. Data Collection  

Given that the research goal was to set up a life cycle model for three typical Hun-
garian restaurant two-course menus, it was helpful to collect the needed data for the in-
ventory analysis from a Hungarian restaurant. For data collection, the restaurant's main 
chef, Saint Anna Restaurant (in Berkenye, Hungary), provided inputs and outputs from 
all material and energy flow for the preparation and cooking phases, including material 
losses and food waste. We obtained the exact energy values for all sources: electricity grid 
mix for preparation and cooking; thermal energy from natural gas for cooking; electricity 
for cooled beef meat storage; and drinking water volume for preparation, cooking, and 
washing dishes. Regarding the capacity of the kitchen machines, we considered average 
values per portion. The calculations presented are based on more soup and main dish 
samples, averaged when depicting the environmental effects. 

 

2.2. Life Cycle Assessment Method and System Boundary 

The whole life cycle of the investigated restaurant dishes can be divided into four life 
cycle phases: preparation, cooking, eating, and end-of-life. The life cycle models of the 
vegan, vegetarian, and traditional two-course menus, from the extraction of the trans-
ported raw materials through the preparation, cooking and use (consumption in a restau-
rant) phases to the end-of-life stage, were set up. Given that food is consumed in restau-
rants, a food residue level of 5% in the use stage was assumed. The food residue as mu-
nicipal solid waste in the end-of-life stage with other waste flows from the preparation 
and cooking life cycle phases. At the end-of-life phase, the food waste was landfilled at the 
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municipal solid waste landfill. The environmental burdens of vegan, vegetarian, and tra-
ditional restaurant menus were compared using professional and food extension data-
bases with the help of GaBi 9.0 software (Sphera, Stuttgart, Germany). The applied soft-
ware provided valuable information for consistent modelling [50]. The developed life cy-
cle models enable the analysis of the environmental loads and energy resources of two 
soups and three main dishes associated with the life cycle phases. The materials were con-
sidered within cradle-to-grave system boundaries. The research includes the life cycle in-
ventory (LCI) and the life cycle impact assessment (LCIA). In the life cycle assessment 
setup, the input-output mass values and energy streams for all life cycle stages of the 
products were first investigated. The software analysis calculated eight and eleven envi-
ronmental potentials and primary energies. Carbon storage and delayed emissions were 
not considered in estimating the global warming potential, and soil carbon accumulation 
was excluded from the life cycle assessment. Figure 1 presents the system boundary of the 
applied life cycle assessment method. 

 

Figure 1. The life cycle phases with the system boundary. 
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The life cycle phases were appointed as a function of the mass of the soups and main 
courses served. All used materials and energy flows are related to the examined food 
products. Based on the restaurant's mass standards, from the first viewpoint, the func-
tional unit (FU) was one restaurant portion of garlic cream soup and beef bean soup and 
one portion of the main dishes. From the second viewpoint, the functional unit was 1 kg 
for all examined soups and main dishes. The LCA method allocates all loads to the exam-
ined food products and wastes with mass allocation. Energy requirements were stated as 
a function of the energetic content. For the preparation and cooking phases, a Hungarian 
energy mix was considered. Figure 2 illustrates the percentage composition of Hungary's 
electricity production mix in 2022 based on the data of the Hungarian Energy and Utilities 
Regulatory Office. This pie chart shows the gross electricity generation in Hungary. 
Equipment and machinery were placed beyond the system boundary. In addition to the 
eating residue, the examined process produces municipal solid waste from removing the 
garlic, carrot, celery tuber, and onion peels, cleaning the beef meat, and the leftover food 
in the preparation and cooking life cycle phases. 

 

Figure 2. Hungarian Energy Mix (reference year: 2022, source: Hungarian Energy and Utilities Regulatory Office). 

 

The life cycle assessment for each examined product included one transport by truck 
(Euro 6, payload: 5 t using diesel mix) between the use and end-of-life phases, with a 
transport distance of 100 km and 80% utilization. The applied life cycle models include 
wastewater flows from the washing process of the raw materials and the washing of dishes 
in the preparation and cooking phases. 

 

2.3. Life Cycle Inventory and Life Cycle Impact Assessment Method 

The coherent life cycle inventory is consistent with the technique explained in the 
ISO 14040:2006 and 14044:2006 standards [51, 52] and contains all processes' material and 
energy supplies. The LCI is based on industry data from the year 2022. Datasets were 
associated with preparation and cooking data to set up life cycle inventories for the exam-
ined food products. The ensuing components of each system were not included in the life 
cycle inventory: capital apparatus, various materials, additives, and the quantity of used 
energy for heating, cooling, and lighting. At the end-of-life stage, the dataset typifies waste 
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treatment as landfilling. The selected landfill process in the European Union includes gas 
utilization, leachate, and sewage sludge treatment processes (landfill height: 30 m, landfill 
area: 40,000 sqm, deposition: 100 years, net calorific value: 9.7 MJ/kg) [53]. The medium 
landfill gas composition and the sum of the fixed methane phase were determined, and a 
transpiration/runoff ratio of 60% was assumed [53, 54]. The life cycle impact assessment 
method estimates the accessible environmental impacts and energy resources of the tested 
soups and main dishes in terms of a functional unit. By calculation, the CML 2016 method 
(Centrum voor Milieukunde Leiden) by the Centre for Environmental Science at Leiden 
University was applied [53–55]. Normalization and weighting methods for all life cycle 
phases were used in the calculation. These methods are the LCIA Survey 2012 and CML 
2016 (excluding biogenic carbon) in the European Union. The eight calculated impacts 
include photochemical ozone creation, freshwater aquatic ecotoxicity, human toxicity, 
global warming, eutrophication, acidification, and abiotic depletions for fossils and ele-
ments. Table 1 summarizes the input-output table of the Life Cycle Inventory for the prep-
aration and cooking life cycle phases. As an input current, the orange is part of the deco-
ration during serving in a restaurant. The tested restaurant soups and main dishes as con-
sumer waste outputs leave the use phase. After that, consumer waste goes as an input 
stream to the end-of-life waste landfill process. 

Table 1. Inputs and outputs regarding the food products during the preparation life cycle phase. 

Flow 

type  
Process Flow Name Plan Flow Name 

 Garlic Cream Soup 

Inputs 

 

Cheddar Cheddar 

Garlic Garlic 

Pasteurized cream (42%) Pasteurized cream (38-42%) 

Rapeseed oil (Canola) Rapeseed oil, refined 

Wheat white flour Wheat white flour 

Hungarian electricity mix Electricity grid mix (production mix, Hungary) 

Natural gas at consumer (Hungary) Thermal energy from natural gas (Hungary) 

Water (tap water) Drinking water 

Outputs 

 

Product (unspecified) Garlic cream soup product 

Municipal soild waste  Food waste 

Water (waste water, untreated) Municipal waste water  

 Beef Bean Soup 

Inputs 

Beef cattle Beef, semi-boneless 

Beans at farm Field beans, field border (14% water content) 

Carrots (87% water content) Carrots 

Cream (38%) Pasteurized cream (38-42%) 

Sugar beet (75% water content) Celery tuber, garlic, and onion 

Hungarian electricity mix Electricity grid mix (production mix, Hungary) 

Natural gas at consumer (Hungary) Thermal energy from natural gas (Hungary) 

Water (tap water) Drinking water 

Outputs 

Product (unspecified) Beef bean soup product 

Municipal soild waste  Food waste 

Water (waste water, untreated) Municipal waste water  

Green Salad 

Inputs 

Carrots (87% water content) Carrots 

Rapeseed oil (Canola) Rapeseed oil, refined 

Sugar beet (75% water content) Onion 

Sun flower seeds Sun flower seeds 

Tomato (97% water content) Tomato 

Hungarian electricity mix  Electricity grid mix (production mix, Hungary) 

Water (tap water) Drinking water 

Outputs Product (unspecified) Green salad product 
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Municipal soild waste  Food waste 

Water (waste water, untreated)  Municipal waste water  

Fish with Gnocchi 

Inputs 

Fish meal Fish meal 

Orange (90% water content) Orange 

Pasteurized cream (42%) Pasteurized cream (38-42%) 

Potato at farm Potato 

Rapeseed oil (Canola) Rapeseed oil, refined 

Wheat white flour Wheat white flour 

Hungarian electricity mix  Electricity grid mix (production mix, Hungary) 

Natural gas at consumer (Hungary) Natural gas mix (Hungary) 

Water (tap water) Drinking water 

Outputs 

Product (unspecified) Fish with gnocchi product 

Water (waste water, untreated)  Municipal waste water  

Municipal soild waste  Food waste 

Wiener Schnitzel 

Inputs 

Beef cattle Beef, semi-boneless 

Egg, breadcrumb Egg, breadcrumb 

Orange (90% water content) Orange 

Potato at farm Potato 

Rapeseed oil (Canola) Rapeseed oil, refined 

Wheat white flour Wheat white flour 

Hungarian electricity mix  Electricity grid mix (production mix, Hungary) 

Natural gas at consumer (Hungary) Thermal energy from natural gas (Hungary) 

Water (tap water) Drinking water 

Outputs 

Product (unspecified) Wiener Schnitzel product 

Municipal soild waste  Food waste 

Water (waste water, untreated) Municipal waste water  

 

 

2.4. Statistical Methods 

Combining life cycle assessment results with statistical methods is practical in the 
case of two or more samples. Carbon footprints were compared using descriptive and 
mathematical-statistical methods. Mean, median, and variance were used for the first step. 
The different number of dishes justified the use of two different tests. In the second step, 
the difference in the carbon footprint between the tested two soups by the Mann-Whitney 
analysis and the tested three main courses by the Kruskal-Wallis test was investigated. 
Both statistical methods were implemented using SPSS (Statistical Package for the Social 
Sciences) software (version 28.0). The significance level for both types of tests is the gen-
erally accepted 5%. The optimal soup and primary dish samples were selected based on 
115 garlic cream soup samples, 115 beef bean soup samples, and 115-115 main dish sam-
ples. From a statistical viewpoint, a selection of 115 items is already quite large. The nor-
mality of their distribution could not be assumed. 

 

2.5. Sustainability Assessment Modeling 

Since sustainability and food waste are receiving much attention nowadays, integrat-
ing life cycle assessment and lean production seems to be an expedient solution. Regard-
ing the entire life cycle of restaurant dishes, it is advisable to develop a sustainability eval-
uation model, focusing on reducing the environmental burden, the amount of energy 
used, and the amount of food waste by optimizing the individual life cycle phases. In the 
case of restaurant food products, the environmental burden can be reduced primarily by 
optimizing the amounts of used material and energy in the preparation and cooking life 
cycle phases. In the preparation and end-of-life phases, the set sustainability goal can be 
achieved by reducing generated food waste, recycling it within the phases, and choosing 
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optimal waste management procedures. It is the application of GreenLean to a practical 
situation. Applying Green Lean in restaurants can make more sustainable dish products. 
The consumer's eating habits can also influence the sustainability of the prepared meals 
and their production methods, as the environmental impact of the whole life cycle of in-
dividual restaurant dishes and the product's carbon footprint can differ significantly. If 
the carbon footprint, all environmental impact categories and primary energy require-
ments of the soups and main courses served in restaurants are known, the hot points in 
the preparation, cooking and end-of-life phases can be identified. In this case, a more com-
plex sustainability assessment model can be set up, which we named GreenCycLEAN. 

3. Results 

3.1. Environmental Impacts and Energy Resources of the Soups 

For the life cycle assessment, the meat-free garlic cream soup with croutons was 
tested as a vegetarian and vegan soup, and the beef bean soup was investigated as a tra-
ditional meat-containing soup. During the analysis, the production life cycle stage was 
assumed to comprise the preparation and cooking phases of the examined soups. At the 
same time, it was also assumed that the use life cycle phase does not involve input energy 
and that only food scraps remain on the plate as output after consumption in the restau-
rant. In the whole life cycle of the soups, the research results in different modules were 
declared, which allowed the constructed interpretation of results throughout the life cycle 
phases of the tested soups. To calculate the environmental loads of food waste during end-
of-life treatment, it was essential to set up an analysis of the previous life cycle phases of 
both soups for the end-of-life treatment process. Table 2 summarizes normalized and 
weighted values for the eight main categories and the primary energy amounts in the case 
of one portion functional unit. 

Table 2. Primary energy (in net caloric value) and environmental impact categories (in nanograms) 
for the whole life cycle of the examined soups. 

Primary Energy  
Garlic Cream Soup 

[MJ] 

Beef Bean Soup 

[MJ] 

Primary energy from non renewable resources 2.35 4.76 

Primary energy from renewable resources 3.63 8.84 

Primary energy demand from renewable and non 

renewable resources 
5.98 13.60 

Environmental Impact Category 
Garlic Cream Soup 

[ng] 

Beef Bean Soup 

[ng] 

Abiotic Depletion ADP elements, ADPE 0.01 0.03 

Abiotic Depletion ADP fossils, ADPF 0.30 0.70 

Acidification Potential AP 0.70 2.52 

Eutrophication Potential EP 0.35 1.12 

Global Warming Potential GWP 100 years 0.40 1.26 

Human Toxicity Potential HTP inf. 0.22 0.35 

Freshwater Aquatic Ecot. Pot. FAETP inf. 0.18 0.52 

Photochemical Ozone Creation Pot. POCP 0.32 1.28 

Functional unit: one portion of soup, which means 0.167 kg of garlic cream soup and 0.451 kg of 
beef bean soup. Impact assessment method: non-baseline CML 2016. 

Figures 3 describes the normalized and weighted impacts for the whole life cycle of 
both soups in the case of a 1 kg functional unit in nanograms. In the case of both examined 
soups, the food waste generated at the end of their life cycles was disposed of as municipal 
solid waste in municipal solid waste landfills. Based on the analysis results, it can be said 
that the environmental impacts of the preparation phase are higher than those of the cook-
ing phase. At the same time, preparing and cooking a portion of vegetarian or vegan soup 
requires a much lower environmental load than preparing and cooking a portion of meat-
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based soup in all examined impact categories. Furthermore, preparing and cooking a por-
tion of beef bean soup requires much more primary energy than preparing and cooking a 
portion of garlic cream soup in terms of all examined energy resources. According to Fig-
ure 3, it can be determined that the acidification potential is higher compared to other 
examined environmental impact categories. The percentage distribution values of the 
acidification are 8% for the garlic cream soup and 21.8% for the beef bean soup compared 
to all environmental impacts. 

 

Figure 3. Impact categories for the whole life cycle of the garlic cream soup and beef bean soup in 
nanograms (functional unit: 1 kg). Normalisation reference: CML 2016, EU 25 + 3, the year 2000, 
excl. biogenic carbon. Weighting method: thinkstep LCIA Survey 2012, Europe, CML 2016, excl. 
biogenic carbon). 

This result is not surprising because this impact category is higher for the land-
filling of municipal solid waste at the end-of-life stage based on our previous research. 
The highest environmental impact for both soups is represented by marine aquatic eco-
toxicity, projected over the entire life cycle of the products. Therefore, marine ecotoxicity 
values cannot be represented with the other impact categories on a diagram. The per-
centage distribution value of marine aquatic ecotoxicity is 68% for the garlic cream soup 
and 33.5% for the beef bean soup compared to all burdens. Most marine aquatic ecotoxi-
city percentage value (73–77%) is generated in the cooking phases. According to the re-
sult in Table 2, it can be determined that the environmental burden is higher with the 
application of vegetarian and vegan cooking technologies. However, the value of the 
whole life cycle is higher in the case of traditional food products. This difference is best 
shown in the preparation and end-of-life phases. 

3.2. Environmental Impacts and Energy Resources of the Main Dishes 

The garlic cream soup was followed by a green salad on the vegan two-course 
menu and fish with gnocchi on the semi-vegetarian menu. The vegan salad mainly con-
tains the following components: rapeseed oil, sunflower seeds, carrots, tomatoes, and 
sugar beet. The semi-vegetarian main dish contains the following ingredients in the 
preparation and cooking life cycle phases: sea fish, potato, rapeseed oil, wheat flour, 
drinking water, spices, and pasteurized cream (38-42%). Figures 4 and 5 describe the 
examined impact categories for the whole life cycle of vegan and semi-vegetarian main 
dish products in the case of a 1 kg functional unit in nanograms.  
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Figure 4. Environmental impacts for the whole life cycle of the green salad in nanograms (func-
tional unit: 1 kg). Normalisation reference: CML 2016, EU 25 + 3, the year 2000, excl. biogenic car-
bon. Weighting method: thinkstep LCIA Survey 2012, Europe, CML 2016, excl. biogenic carbon). 

 

Figure 5. Environmental impacts for the whole life cycle of the fish with gnocchi in nanograms 
(functional unit: 1 kg). Normalisation reference: CML 2016, EU 25 + 3, the year 2000, excl. biogenic 
carbon. Weighting method: thinkstep LCIA Survey 2012, Europe, CML 2016, excl. biogenic car-
bon). 

The beef bean soup was followed by Wiener Schnitzel with cooked potatoes on the 
traditional two-course menu. Figure 6 summarizes the eight impact categories for the 
whole life cycle of this traditional Hungarian dish in the case of a 1 kg functional unit in 
nanograms. Table 3 shows the primary energy values for the vegan and semi-vegetarian 
main dishes in the case of the functional unit of 1 kg. Table 4 summarizes the energy re-
sources for the meat-containing main dish in all life cycle phases for the functional unit 
of 1 kg.  
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Figure 6. Environmental impacts for the whole life cycle of the Wiener schnitzel in nanograms 
(functional unit: 1 kg). Normalisation reference: CML 2016, EU 25 + 3, the year 2000, excl. biogenic 
carbon. Weighting method: thinkstep LCIA Survey 2012, Europe, CML 2016, excl. biogenic car-
bon). 

Table 3. Primary energy values for the whole life cycle of the green salad and fish with gnocchi in 
MJ. 

Primary Energy (net cal. value) 

Vegan Main Dish 

(Green Salad) 
[MJ] 

Semi-Vegetarian Main Dish 
(Fish with Gnocchi) 

[MJ] 

Primary energy from non renewable resources 8.67 329.77 

Primary energy from renewable resources 11.02 32.49 

Primary energy demand from renewable and 

non renewable resources 
19.69 362.26 

Functional unit: 1 kg of meat-free main dish. 

Table 4. Primary energy values for the life cycle phases of the Wiener schnitzel in MJ. 

Primary Energy 

(in net caloric value) 

Preparation 
Phase 

[MJ] 

Cooking 
Phase 

[MJ] 

End-of-Life 
Phase  

[MJ] 

Whole 
Life Cycle 

[MJ] 

Primary energy from non ren. resources 17.7 238 0.217 255.91 

Primary energy from renewable resources 60.0 6.92 0.017 66.93 

Primary energy from all resources 77.7 244 0,233 321.93 

Functional unit: 1 kg of meat-containing main dish. 

In connection with Tables 3 and 4, it can be said that the primary energy resource for 
the vegan main dish is significantly lower, and the semi-vegetarian dish is higher than 
expected. 

 

3.3. Determination of Carbon Footprint using Statistical Methods 

The IBM SPSS Statistics statistical software offers robust analysis and helps quality 
decision-making including all facets of the analytics lifecycle. This software was available 
and seemed suitable for statistical analysis of food samples. In the case of two samples, 
the Mann-Whitney two-sample test is used. The Kruskal-Wallis non-parametric statistical 
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procedure should be used to compare more than two independent samples along one var-
iable. Therefore, the Mann-Whitney test was applied to the restaurant soups and the Krus-
kal-Wallis test to the restaurant main courses. Table 5 shows the descriptive statistics for 
both soups. Averaging was used to eliminate the effect of chance on the difference in the 
carbon balance of each soup. Based on this, the average carbon footprint of the vegetarian 
soup was 2.93, while that of the conventional soup was 4.62. Table 6 summarizes the sum-
mary results for both soups using the Mann-Whitney test. The first part of the comparison 
of the three main dishes is presented in Table 7. As in the previous graphs (Figures 4, 5, 
and 6), the vegan main course has the lowest carbon footprint, followed by the semi-veg-
etarian main course, and the meat main course has the highest carbon footprint. Accord-
ing to the Kruskal-Wallis test, Table 8 shows the variance for the main dishes. 

Table 5. Comparison of both soups based on the carbon footprint values in nanograms. 

Name of the soup 
Average 

[ng] 

Variance 

[ng] 
Median 

[ng] 
Vegetarian/Vegan Soup (Garlic Cream Soup) 2.93 3.71 2.44 

Traditional Soup (Beef Bean Soup) 4.62 1.71 4.59 

Functional unit: 1 kg of soup. Number of samples: 115. 

Table 6. Summary results based on the Mann-Whitney U test. 

Name  Numerical Value 

Number of independent samples 230 

Mann-Whitney U 2437,000 

Wilcoxon W 9107,000 

Test Statistic 2437,000 

Standard Error 504,19 

Standardized Test Statistic -8,276 

Asymptotic Significance (2-sided test) 0,000 

Functional unit: 1 kg of soup. Number of samples: 115. 

Table 7. Comparison of main dishes based on the carbon footprint values in nanograms. 

Name of the soup 
Average 

[ng] 

Variance 

[ng] 
Median 

[ng] 
Vegan Main Dish (Green Salad) 1.03 0.05 1.04 

Semi-vegetarian Main Dish (Fish with Gnocchi) 7.10 2.50 7.15 

Meat-containing Main Dish (Wiener Schnitzel) 12.20 7.40 12.29 

Functional unit: 1 kg of main dish. Number of samples: 115. 

Table 8. Summary results based on the Kruskal-Wallis test. 

Name  Numerical Value 

Total Number  345 

Test Statistic 289,884 

Degree of Freedom 2 

Asymptotic Significance (2-sided test) 0,000 

Functional unit: 1 kg of main dish. The test statistic is adjusted for ties. 

Based on the results of the above tables, the difference between the mean of 2.93 for 
garlic cream soup and the mean of 4.62 for beef bean soup is significant according to the 
Mann-Whitney test (the asymptotic significance value is zero), not due to chance alone. 
According to the Kruskal-Wallis test, the difference between the averages is significant 
and differences due to coincidence can be practically excluded (the asymptotic signifi-
cance value is zero). Different foods' raw materials and preparation techniques 
(plant/animal) result in significant differences in their carbon footprint. Dishes of plant 
origin have a lower carbon footprint than those of animal origin. 
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3.4. Environmental Impacts for the Two-Course Menus 

The last part of the research analysis compared the environmental impacts of soups 
and three main dishes in different life cycle phases. Table 9 presents the normalized and 
weighted values of eleven impact categories for the functional unit of one-portion soups 
in the given life cycle phases. Table 10 shows the main dishes' primary energy values 
and eight impact categories for one portion of a restaurant's main dish. 

Table 9. Comparison of both soups based on the impact values in nanograms. 

Name of Life Cycle Phase 
Vegetarian/Vegan Soup 

(Garlic Cream Soup)  

Traditional Soup 

(Beef Bean Soup) 

Preparation 3.68 8.33 

Cooking 4.85 3.20 

End-of-Life (by depositing the food waste) 0.02 0.07 

Whole life cycle 8.55 11.60 

Functional unit: one portion of restaurant soup. Normalization reference: CML 2016, EU 25 + 3, 
year 2000, excluding biogenic carbon. Weighting method: thinkstep LCIA Survey 2012, Europe, 
CML 2016, excluding biogenic carbon. 

Table 10. Primary energy (in net caloric value) and impact categories (in nanograms) for the whole 
life cycle of the examined main dishes. 

Primary energy 

(net cal. value) 

Green Salad 

[MJ] 
Fish with Gnocchi 

[MJ] 
Schnitzel 

[MJ] 
Primary energy from non renewable resources 2.82 159.90 109.44 

Primary energy from renewable resources 3.58 15.10 28.71 

Primary energy from all resources 6.40 175.00 138.15 

Environmental Impact 
Green Salad 

[ng] 

Fish with Gnocchi 
[ng] 

Schnitzel 
[ng] 

Abiotic Depletion for elements, ADPE 0.01 0.05 0.10 

Abiotic Depletion for fossils, ADPF 0.33 25.90 17.70 

Acidification Potential AP 0.22 2.47 9.52 

Eutrophication Potential EP 0.18 1.20 3.72 

Global Warming Potential GWP 0.34 3.33 5.25 

Human Toxicity Potential HTP inf. 0.24 2.3 2.84 

Freshwater Aquatic Ecot. Pot. FAETP inf. 0.18 0.71 2.01 

Photochemical Ozone Creation Pot. POCP 0.10 2.22 5.40 

Functional unit: one portion of main dish, which means 0.324 kg of green salad, 0.484 kg of fish 
with gnocchi, and 0.430kg of Wiener Schnitzel. Impact assessment method: non-baseline CML 
2016. 

In connection with Table 10, it can be said that the environmental loads for the se-
lected vegan and semi-vegetarian main dishes are lower in most impact categories than 
for the meat-containing food product. An exception is the abiotic depletion of fossils.  

 

3.5. Development of Sustainability Assessment Model (GreenCycLEAN) 

Examining the energy demand and environmental impact of preparation and cook-
ing processes is essential in optimizing the cooking processes. It is primarily the environ-
mental impact of different energy supply methods and the increasing demand for cook-
ing methods. It is rarely discussed how the optimization cooking process and the life 
cycle assessment can jointly help design decision-making for restaurant chains. Different 
scenarios can be considered during the LCA-based examination of cooking methods by 
determining energy consumption and ecological burden. To draw broad conclusions, it 
is advisable to conduct a modelling process where the possible examined parameters are 
the primary energy resource, the occurring environmental impact categories, and the 
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ecological loads of the renewable and non-renewable energy supplies. To implement this 
research purpose, a sustainability assessment model was developed. The developed 
model is primarily based on the quantitative method with the help of defining quantita-
tive indicators. Because the sustainability assessment model uses calculation and statisti-
cal data for primary energy, emission, carbon footprint, and environmental impact cate-
gories, the LCA method is authoritative during the development of the model, where all 
life cycle phases of the restaurant products are examined from ecological and energetic 
viewpoints. The GreenCycLEAN relies on the results of the LCA calculation and the 
Lean. The development objective includes data collection for the LCI and impact assess-
ment methods. The given model has different LCA phases in the restaurant product's 
life cycle stages, as illustrated in Figure 7. 

 

Figure 7. Sustainability assessment model: GreenCycLEAN. 

4. Discussion and Conclusions 

The European Union is trying to reach climate neutrality in the future within the 
framework of the European Green Deal, sustainable development goals, and a circular 
economy strategy [56, 57]. Various dishes' preparation and cooking technology is the ca-
tering industry's current development area. The combined results of the catering industry 
and life cycle assessment make optimizing the environmental parameters in the various 
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life cycle phases possible to achieve ideal ecological impacts when preparing dishes while 
avoiding significant food waste. In a previous study [12], a whole life cycle model was set 
up for a single restaurant main course, but then we focused primarily on end-of-life sce-
narios.  

According to our previous research results [12], the environmental loads of the prep-
aration phase were much higher than the impacts of the cooking phase. The most signifi-
cant result differences were marine ecotoxicity, photochemical ozone, eutrophication, and 
global warming. Significant differences exist in the preparation and cooking life cycle 
phases regarding the primary energy values. The primary energy values from renewable 
resources and the total primary energy for the preparation phase were 5–6 times higher. 
This time, we obtained similar results and can draw similar conclusions regarding com-
paring the preparation and cooking phases. In our previous work [12], we also compared 
"sous vide" and traditional cooking technologies, where we found that "sous vide" can be 
an effective technique for more optimal and sustainable cooking. 

Several research studies [58–59] have already established whole product life cycle 
models. In recent years, examining the end of the life cycle of food waste through the 
choice of appropriate waste management methods has also come to the fore [60–63]. Ac-
cording to the analysis of Szita [64], one of the conditions for sustainable environmental 
management is knowledge of all phases of the life cycle of products. Knowing restaurant 
products' characteristics and preparation processes is essential for the sustainable catering 
industry and environmentally friendly dining. On the one hand, this article evaluates the 
life cycle phases of two typical restaurant soups (garlic cream soup and beef bean soup) 
and three main dishes (green salad, fish with gnocchi, and Wiener schnitzel with cooked 
potatoes) by comparing different environmental burdens and energy resources. On the 
other hand, it compares the scenarios of vegan, semi-vegetarian and traditional eating. In 
addition to analyzing and evaluating the results, this work presents an overview of the 
application of life cycle assessment in the food industry with the help of professional and 
recent literature. 

This research defines eight-eleven impact categories and the primary energy demand 
from renewable and non-renewable sources. The CML 2016 impact method was applied 
in the GaBi software to quantify environmental impacts. Normalization and weighting 
methods were the same for all calculations. The functional unit was defined as the mass 
of a portion and 1 kg of the examined vegan, semi-vegetarian, and non-vegetarian soup, 
and main dish products in all life cycle phases. 

Based on our results, it can be said that the environmental impact of the preparation 
and cooking phases is higher than that of the end-of-life phase. This is because our analy-
sis also includes loads related to raw material production, and meat and cream production 
involves a sizeable environmental load.  

According to research results on soups, it can be concluded that the environmental 
impact is higher with the use of vegetarian cooking technology. However, the value of the 
whole life cycle is more elevated in conventional soup with beef meat. This difference is 
very well seen in the preparation and end-of-life stages. Marine aquatic ecotoxicity poten-
tial represents the highest environmental impact for both soups. The value of primary 
energy from renewable sources is higher in the preparation phase than in the cooking 
phase. In connection with main dish results, it can be said that the environmental loads 
for selected vegan and semi-vegetarian main dishes are not so high in most impact cate-
gories as for the meat-containing product. An exception is fossil abiotic depletions. The 
reason may be that during the cooking of the gnocchi, in addition to the electricity con-
sumption, a more significant amount of natural gas was also consumed due to the use of 
the gas stove. 

For a company's lean and green approach to be effective and successful in its man-
agement, it must have a complete understanding and insight into all aspects of the supply 
chain. This requires an LCA approach to identify the critical intervention points where 
each process can be effectively improved for more sustainable performance [65]. In prac-
tice, applying green lean in the catering sector means that the same output requires fewer 
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food materials and energy inputs, and less waste is generated in the preparation and cook-
ing processes, further reducing the environmental impact of the process.  

With the developed sustainability assessment (GreenCycLEAN) model, catering 
products' ecological efficiency and the preparation and cooking process' energy consump-
tion can be improved, and food waste mass can be minimized.  

Our study provides new information about the environmental effects of preparing 
and cooking vegan, semi-vegetarian and traditional restaurant two-course menus, and 
this work supports further information about these life cycle phases of the examined prod-
ucts. These results can be profitable for restaurant units aiming to achieve more sustaina-
ble food preparation and cooking technologies. Another area where the results can be 
used is to exploit consumer behaviour and habits changes. There is a growing proportion 
of consumers who are looking after their environment as well as their health. For them, 
sustainability is a valuable and essential piece of information alongside the nutritional 
composition of food. 
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ADPE Abiotic Depletion Potential elements 

ADPF Abiotic Depletion Potential fossils 

AP Acidification Potential 
CE Circular Economy 

EGD European Green Deal 
EP Eutrophication Potential 
EU 
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European Union 

Freshwater Aquatic Ecotoxicity Potential 
FU Functional Unit 
GWP Global Warming Potential 
HTP Human Toxicity Potential 
ILCD International Reference Life Cycle Data System 

LCA Life Cycle Assessment 
LCI Life Cycle Inventory 

LCIA Life Cycle Impact Assessment 
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