
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

LCA of Egg Phospholipids 

Anders Berggren 
 

Master of Science Thesis 

Stockholm 2013 



 



Anders Berggren 
 

Master of Science Thesis 
STOCKHOLM 2013 

LCA of Egg Phospholipids 

PRESENTED AT 

INDUSTRIAL  ECOLOGY 
ROYAL INSTITUTE OF TECHNOLOGY 

Supervisor: 

David Andrew Lazarevic, Industrial Ecology, KTH 

 
Examiner:  

Anna Björklund, Environmental Strategies Research, KTH 

 



 

TRITA-IM 2013:24 

 

Industrial Ecology, 

Royal Institute of Technology 

www.ima.kth.se 



Abstract 
Egg phospholipids are a group of fats or lipids in the egg yolk, commonly used as emulsifiers 

in the chemical industry to facilitate the dissolving of substances. The pharmaceutical 

company Fresenius-Kabi manufactures this product and seeks a better understanding of the 

product’s major environmental impacts in order to comply with the ISO 14001 requirements, 

communicate its environmental performance and choose raw materials that result in lower 

environmental impacts.  

The aim of this study is to quantify and identify environmental impacts that occur in the life 

cycle of Fresenius-Kabi’s egg phospholipids product, and to suggest improvements on how 

the impacts could be reduced. The aim has been reached by following the life cycle 

assessment methodology. The life cycle consists of egg, egg yolk powder and egg 

phospholipids production. The major inputs to the life cycle include fertilizers, pesticides, hen 

feed, fuel oil and solvents. The major outputs are hen manure, egg residues, air and water 

emissions.  

The results show that the greatest impacts are generated in the production of hen feed, solvent 

feedstocks, the hen manure handing and the final egg phospholipids production. The most 

severe environmental impacts are found in the human toxicity and eutrophication impact 

categories. Pesticide and fertilizers usage in the cultivation of hen feed and solvent feedstocks 

generate phosphorus, manganese and arsenic emissions, which are emission substance sources 

in the human toxicity impact category. In addition, nitrate and phosphate emissions from 

fertilizer and hen manure affect the eutrophication. The emissions of NMVOC and carbon 

dioxide to air, as well as phosphorus to waste water, are the major environmental concerns in 

the final egg phospholipids manufacturing. Other impact categories such as climate change, 

photochemical oxidant formation, terrestrial acidification and fossil depletion have lower 

global impact.  

Five scenarios have been conducted in order to validate the results, and to provide Fresenius-

Kabi with improvements. Lowering the production and intake of hen feed per kilogram eggs 

with six percent decrease the environmental impacts by 2 to 6 percent. Changing the ethanol 

feedstock to cellulose-based feedstocks clearly diminishes the toxicity related emissions due 

to lower fertilizer and pesticide usage. To replace other fat and protein sources with the egg 

residue byproduct that is yielded within the life cycle is the best treatment method of the egg’s 

non-phospholipids content. No specific improvements to the treatment method of the hen 

manure have been found. The fifth scenario includes a sensitivity analysis on the egg yolk 

powder allocation factor. To increase it from 11 to 25 percent does not give any significant 

effect on the final results, since this life cycle phase already has very low environmental 

impact. 

Actions that will have a significant effect on the egg phospholipids’ total environmental 

impact are optimize fertilizer and pesticide usage at hen feed and ethanol feedstock 

cultivations, lower ammonia and phosphate emissions from the hen manure management, and 

finally, reduced solvent, carbon dioxide, phosphorus and phosphate emissions from the final 
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egg phospholipids manufacturing. Fresenius-Kabi is recommended to further look into these 

emission sources in order to decrease the egg phospholipids’ environmental impact.  
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Sammanfattning 
Äggfosfolipider är ett fett eller lipider i äggulan som används som emulgator i kemiindustrin 

för att förenkla andra medels sammanlösning. Farmasiföretaget Fresenius-Kabi tillverkar den 

här produkten och söker bättre förståelse för de största miljöproblemen med produktionen av 

produkten i syfte att uppfylla krav inom ISO 14001, kommunicera sitt miljöarbete, och att 

välja råmaterial med låg miljöpåverkan.  

Målet med den här studien är att kvantifiera och identifiera de största miljöproblemen i ett 

livscykelperspektiv med produktionen av äggfosfolipid. Målet har uppnåtts genom att följa 

standardmetoden för livscykelanalyser. Livscykeln består av ägg-, äggule och äggfosfolipid 

produktion. Den mest signifikanta tillförseln av produkter är gödsel, pesticider, hönsavföring, 

eldningsolja och lösningsmedel. De mest signifikanta produkter som lämnar livscykeln är 

hönsgödsel, ägg rester, luft och vatten emissioner.  

Resultaten visar att de mest betydelsefulla miljöproblemen uppstår i äggfosfolipidens 

livscykel äggproduktionen av hönsfoder och råvaror för etanolproduktion, hanteringen av 

hönsgödsel och vid den slutgiltiga äggfosfolipid tillverkningen. De mest betydande 

miljöpåverkanskategorierna är utsläpp av för människan toxiska ämnen och övergödning.  

Användandet av pesticider och gödsel vid produktion av råvaror till hönsfoder och etanol ger 

utsläpp av fosfor, mangan och arsenik, vilka är emissionskällor i den här kategorin. 

Emissioner av nitrat och fosfat från gödsel användning och hantering av hönsavföring är två 

emissionskällor till övergödningen. Miljöproblem som uppstår i den slutgiltiga äggfosfolipid 

produktionen är utsläpp av flyktiga kolväten vilka inte inkluderar metan, koldioxid och fosfor 

i avfallsvattnet. Andra påverkanskatergorier som till exempel klimatförändringarna, 

försurning och uttag av fossila bränslen har lägra global miljöpåverkan.  

Fem scenarioer har genomförts för att ge resultaten högre trovärdighet. Att minska produktion 

och intag av hönsfoder per kilogram ägg med sex procent minskar miljöpåverkan med 2 till 6 

procent. Att byta råmaterial vid etanol produktionen till cellulosabaserade material minskar 

markant utsläppen av toxiska ämnen på grund av mindre användning av pesticider och gödsel. 

Att ersätta fett och protein källor med äggrester som uppstår i äggfosfolipidproduktionen ger 

mest nytta i ett miljöperspektiv. Ingen klar bästa behandlingsmetod för hönsavföringen har 

hittats. Femte scenariot inkluderar en känslighetsanalys på hur miljöpåverkan från 

äggulepulvret allokeras från övriga äggprodukter. Att öka allokeringsfaktor från 11 procent 

till 25 procent får ingen nämnvärd effekt på de totala resultaten, eftersom den livscykelfasen 

där äggulepulvret produceras redan har låg miljöpåverkan. 

Åtgärder som får störst påverkan på äggfosfolipidens totala miljöpåverkan är att optimera 

användandet av gödsel och pesticider vid fodertillverkningen och råvaruproduktion av etanol, 

minska utsläpp av ammonium och fosfater från hönsgödselavföring och gödselanvändning i 

samband med fodertillverkningen och råvaruproduktion av etanol samt lägre utsläpp av 

lösningsmedel, koldioxid, fosfor och fosfat från den slutgiltiga äggfosfolipidtillverkningen. 

Fresenius-Kabi rekomenderas att undersöka de här emissionskällorna för att minska 

miljöpåverkan från produktion av äggfosfolipid.  
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Disclaimer 

Examensarbetet är en kurs och slutlig examination av ett utbildningsprogram. Det är inte ett 

kommersiellt uppdrag. Granskning av metod och dokumentation görs av FMS, men projektet 

genomgår inte extern kvalitetsgransking enligt ISO. Resultatet ska därför inte bedömas eller 

användas på de grunderna. 

Företagets rätt att arbeta vidare med modeller och resultat, eller att använda LCA resultaten på 

kommersiella grunder (för marknadsföring eller annan extern kommunikation) begränsas av 

rättigheterna i licensavtalet för den undervisningsversionen av SimaPro. Om resultaten 

presenteras externa måste det klargöras att de bygger på ett examensarbete som inte 

kvalitetsgranskats enligt ISO. Om företaget vill arbeta vidare med modellen eller använda 

resultaten på kommersiella grunder måste företaget skaffa en egen licens av SimaPro. 
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1. Introduction 

1.1 Background 
The pharmaceutical company Fresenius-Kabi is a global health care cooperation. Its 

production focuses on products for therapy and different medicines used for treatment of 

critical and chronic illnesses, both in and outside hospitals. The company produces, among 

other products, parenteral nutrition and associated raw materials. At a commodity plant 

located in Kungsängen in northern Stockholm, Fresenius-Kabi produces egg phospholipids. 

Egg phospholipids are a component in the company’s parenteral nutrient solution products 

which are produced at another production site in Uppsala.  

Fresenius-Kabi has developed and manufactured egg phospholipids close to 50 years. It holds 

the highest global market share of the product; around 60 per cent of the world’s egg 

phospholipids are produced by Fresenius-Kabi. Originally egg phospholipids were a Swedish 

invention, however the product is now in the hands of the German company, Fresenius-Kabi, 

as a result of corporate merging. Since there are few companies that produce egg 

phospholipids, the environmental effects from a life cycle perspective are virtually unknown, 

which is one of the reasons why this study has been conducted. 

With increased environmental awareness in Fresenius-Kabi as an important factor, the 

pharmaceutical company needs to calculate its contribution to different environmental 

problems. The company has set tough targets to reduce its carbon footprint. It aims to reduce 

its carbon emissions by 20 to 25 per cent before the year 2015 with 2012 as baseline year. In 

addition, the company aims to start with environmental certification work in order to be 

certified by ISO-14001, where life cycle knowledge about the products is fundamental to 

fulfill the standard’s requirements. Furthermore, the company seeks a better understanding of 

the egg phospholipids’ major environmental impacts in order to communicate its 

environmental performance and choose raw materials that hold less environmental impact. 

According to the carbon dioxide emission measurements that the Swedish Environmental 

Protection Agency performs within the framework of European Union Emission Trading 

Scheme, the Swedish industry sector accounts for approximately 40 per cent of the carbon 

dioxide emissions. The chemical industry, which includes the pharmaceutical industry, holds 

a low share of the total carbon dioxide emissions from Swedish industry. It only accounts for 

0.5 to 0.25 per cent of such emissions. Furthermore, Fresenius-Kabi’s commodity plant in 

Kungsängen also holds low emission shares. It emits around 5 000 tonnes of carbon dioxide, 

which would correspond to between 1 to 0.5 per cent of all carbon dioxide emissions from the 

Swedish chemical industry (Naturvårdsverket, 2012).  

1.2 Aims and research question 
This study aims to develop a Life Cycle Assessment (LCA) of Fresenius-Kabi’s product egg 

phospholipids. The company has good knowledge about the environmental impacts that occur 

within the egg phospholipids production, but need better understanding of the caused impacts 

in a life cycle perspective. The LCA results will serve as identification and quantified 

perspective of the environmental impacts that occur at different sub process steps in the 
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manufacturing of egg phospholipids, which can be used in future ISO-certification work, to 

buy raw materials with low environmental load and to gain market advantages. 

Furthermore, the study aims to reduce the total environmental impact of the product, which 

has been analyzed in different scenarios where processes that cause greater environmental 

impacts are substituted to more environmentally favorable processes. These scenarios are 

recommendations to decrease the egg phospholipids’ environmental impacts.  

The environmental department and the decision making management group at the company is 

the intended audience of this thesis. Another stakeholder group are the company’s suppliers. 

The study aims to answer the following research question: 

- Which are the most severe environmental impacts in the production of Fresenius-

Kabi’s product egg phospholipids from a life cycle perspective, and what is their 

magnitude? 

1.3 Objectives 
Below follows other objectives within the thesis. 

 analysis of critical application issues regarding the methodology, 

 understanding the life cycle of egg phospholipids, 

 life cycle inventory and data collection, 

 modeling and calculation of energy and material use at different sub processes, 

 life cycle interpretation and assessment of the impacts, 

 interpret results and scenario building. 

1.4 Purpose 
The results from this thesis aim to serve as: 

 information basis in the coming ISO 14001 certification work, 

 identify raw materials with high environmental impact, 

 suggest improvements in the egg phospholipids production that can lower the 

environmental load of the product.  

2. Methodology 
The applied methodology to reach the aim that is set for this thesis is life cycle assessment 

methodology based on the existing guidelines that are presented in the standard ISO-14040 

series. In addition, SimaPro has been used to facilitate the structural work. The software 

enables access to the databases Ecoinvent and LCA Food DK, from which data have been 

used to determine inventory analyses of the background processes presented in Figure 2. 

Furthermore, the impact assessment method ReCiPe Midpoint Hierarchist World has been 

used to classify, characterize and normalize the inventory results.  

The Life Cycle Impact Assessments (LCIA) results of Fresenius-Kabi’s egg phospholipids are 

used to identify specific hotspots within the production characterized as having the most 
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severe environmental effects. By knowing these hotspots, different scenarios are added to the 

study in order to evaluate the environmental outcome of changing processes in the 

manufacturing.  

Besides data collection at site, a broad literature study, with focus on food and medicine 

products and processes, has been performed. It has helped to inform an understanding of what 

issues arise when applying LCA methodology to food products, but also to understand the 

magnitude of the environmental impacts. This underpins the integrity of the results, in that 

they can be compared with other studies to verify their reliability.   

Below follows more details about the methodology. 

2.1 LCA Methodology 
LCA is a tool that assesses the environmental impacts of a product or system throughout its 

entire life cycle, from raw material acquisition through production and usage to final disposal 

(ISO, 2006). The tool is one of the environmental methodologies that are most developed and 

known (Baumann & Tillman, 2004).  

The tool can be utilized to evaluate the environmental impacts of any product, service or 

decision (Rebitzer, et al., 2004). The tool is commonly used in companies, organizations and 

governments to assess the potential environmental impacts of its processes which can serve as 

marketing material, compliance with environmental laws, or to know which requirements 

should be placed on a supplier, etc. Its results can also aid decision-making in large-scale 

societal policies, for example to decide which infrastructure projects should be build. It also 

facilitates the understanding and identification of environmental impacts, which may address 

investments to improve performance of such system. 

LCA studies can be accounting or consequential. Accounting studies are also termed 

attributional studies, whereas consequential studies are notable as change-oriented. While 

accounting LCA studies examine today’s environmental impacts of the studied product or 

service, the change-oriented LCA explains the future consequences of choosing product or 

service A instead of B (Baumann & Tillman, 2004). The accounting is said to be 

retrospective, and the change-oriented is prospective. The application of an accounting LCA 

is typically for purchases or procurements. The change-oriented LCA is normally applied to 

product development and processes design. Furthermore, objectives of LCA studies can also 

be to compare two or more products or services, or to simply perform a single study. This is 

termed comparative LCA study, while its opposite is standalone study. 

According to the methodology descriptions in the ISO Standard 14040:2006, the 

methodological framework consists of four phases (ISO, 2006). These phases are: goal and 

scope definition, life cycle inventory analysis (LCI), life cycle impact assessment (LCIA) and 

life cycle interpretation. The four phases are depicted in Figure 1. 
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Figure 1. Phases and framework of a LCA (Baumann & Tillman, 2004). 

2.1.1 Goal and Scope definition 

The goal and scope phase defines the purpose of the study, its application and the reason why 

it is conducted (Baumann & Tillman, 2004). Also in this phase, the system boundaries, a 

functional unit and intended audience must be explained (Rebitzer, et al., 2004). A functional 

unit is a numeric translation or quantification of the provided function of the study. System 

boundaries are the.   

2.1.2 LCI 

The LCI phase includes collection and calculation of necessary data on material and energy 

in- and outputs to the object of study. Since this phase gives a deeper understanding about the 

system it may result in revisions of the goal and scope definition.  

Few systems operate in isolation and so most LCA studies encounter allocation issues. Where 

processes that generate more than one function or product, while the LCA study is only 

focused in one of such functions or products, there emerges an allocation problem since such 

process’ outputs will not completely represent its energy inputs or vice versa (European 

Commission, 2010). One example is a combined heat and power plant. The inputs to such 

system, for instance the fuel, must be portioned between the heat and the electricity in order to 

load both products with the environmental impact of the fuel. 

There are some methods to deal with this. The first is to avoid allocation by increasing system 

boundaries and detail levels in the LCA study (Baumann & Tillman, 2004). The study will 

then account for byproducts and credit the study with the product is replaces. If avoiding 

allocation is not possible, one could try to partition the environmental loads among the 

byproducts generated at a process, considering the mass or economic relations of the outputs. 

Data acquisition for allocation issues is collected in this phase.  

2.1.3 LCIA 

The life cycle inventory results are seldom useful; it is essentially a list of the materials, 

energy sources and emissions related to the production of a product or service. In order to turn 

the inventory results into more environmentally relevant information, the data can be 

classified and characterized by type of environmental impact, thus all emissions, that for 

example contribute to global warming, are aggregated into one indicator (Baumann & 



14 

 

Tillman, 2004). This is done in the LCIA phase, the LCI results are placed in the 

environmental impact category where they belong (ISO, 2006).  

Inventory results can be categorized into impact categories and at different levels. Common 

impact categories include climate change, acidification and eutrophication, ecotoxicity etc. 

Such impact categories are termed midpoint impact categories. In addition, there are also 

endpoint categories, which include a further categorization into fewer impact categories such 

as human health, ecosystem diversity and resource availability. The human health impact 

category, for example, is measured in the unit DALY (disability-adjusted life year), a unit that 

estimates a reduction in years of a human’s life due to effects from climate change, 

acidification and eutrophication etc. The impact assessment phase could also include some 

non-mandatory steps such as: normalization, weighting and grouping.  

2.1.4 Life cycle interpretation 

The life cycle interpretation is a stage parallel to all other phases and includes evaluation of 

robustness, sensitivity analysis, uncertainty analysis and data quality assessments (Baumann 

& Tillman, 2004). It can be seen as a phase where the trustworthiness of LCI data and LCIA 

results are verified and to review consistency with the goal and scope formulations. Also, the 

final conclusions and future recommendations are drawn here. 

2.2 Specific methodology for this project 
This study involves an identification of the environmental hotspots within the egg 

phospholipids production, thus it is an accounting study. The study does not include any 

comparison hence it is a standalone study. The used data type is average data, that is, probable 

quantities on emission situations, energy consumption and material usage are used to 

determine the inventory at the life cycle phases. Such data is used in accounting studies since 

such studies do not consider any changes in capacity. Five scenarios are added in this thesis, 

which do not change the LCA type. 

LCA-studies tend to deal with a great amount of data. To facilitate and structure such work, 

different software can be used. This project has been modeled in the LCA software SimaPro. 

SimaPro offers access to various databases such as Ecoinvent with completed life cycle 

inventories of thousands of products and materials, which can be further used in new studies. 

Egg phospholipids processing, however, is not included in any known existing database and 

no LCA of the product has been conducted so far, therefore an inventory analysis of the 

process needed to be completed.  

This data gathering has been performed at Fresenius-Kabi’s commodity plant in Kungsängen 

and at the company’s suppliers. This data was gathered with aid from the environmental 

department and other employees at site, which have contributed with data and explanations of 

the manufacturing process of the product. In addition, literature data were used to cover data 

gaps such as hen feed ingredients and hen management. 

After the data gathering of materials, energy, emissions and transports, the impact assessment 

method was used to classify and characterize the inputs. In this project, the ReCiPe Midpoint 

Hierarchist World impact assessment method was used. It classifies the inventory results into 
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14 different emission equivalent units, which are summarized in 18 different impact 

categories. The different impact categories and its corresponding measure unit are presented 

in Table 1. 

Table 1. The different impact categories in SimaPro. 

Impact category Unit 
Climate change kg CO2 eq 
Ozone depletion kg CFC-11 eq 
Human toxicity kg 1,4-DB eq 
Photochemical oxidant formation kg NMVOC 
Particulate matter formation kg PM10 eq 
Ionising radiation kg U235 eq 
Terrestrial acidification kg SO2 eq 
Freshwater eutrophication kg P eq 
Marine eutrophication kg N eq 
Terrestrial ecotoxicity kg 1,4-DB eq 
Freshwater ecotoxicity kg 1,4-DB eq 
Marine ecotoxicity kg 1,4-DB eq 
Agricultural land occupation m2a 
Urban land occupation m2a 
Natural land transformation m2 
Water depletion m3 
Metal depletion kg Fe eq 
Fossil depletion kg oil eq 

The ReCiPe Midpoint Hierarchist World impact assessment method was developed in 2008 

by RIVM and Radboud University, CML, and Pré (Althaus, et al., 2010). Only midpoint 

evaluation has been used in this project, which is explained in section 2.1. The term 

Hierarchist refers to a type of cultural perspective or scenario that is assumed to reign in the 

future. The impact assessment can be performed with different scenarios and perspectives in 

order to account for uncertainties and incomplete knowledge about environmental 

mechanisms. The Hierarchist perspective is a moderate scenario based on general policies 

regarding time frame and other issues (Goedkoop, et al., 2009). For example, regarding the 

impact category climate change and the greenhouse gas emissions which have different life 

spans in the atmosphere, the time frame is set to 100 years in the Hierarchist perspective. 

Other types of perspectives are individualist and egalitarian, with shorter and longer 

perspectives respectively, including different levels of technological development, human 

adaptation and environmental policy making. 

The impact categories can also be placed in a context, relative to a reference factor. Such a 

reference number can for example be total emissions in a region for a given impact category. 

This is termed normalization, and can tell the magnitude of the emission level, since the 

emission level is divided by, in this case, average emission levels or resources consumed per 

world citizen per year, with the year of 2000 as reference year (Pré, 2012). Normalization has 

been employed in this thesis since one of its aims is to show the magnitude of the 

environmental impacts.  
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For carbon dioxide equivalents and the impact category climate change, such a factor is 

calculated as follows: 

Equation 1. Carbon dioxide equivalent normalization factor calculation. 

                 

                        
                                  

which mean that 6 891 kilograms carbon dioxide equivalents were emitted per person the year 

of 2000. Similar reference factors exist for all other impact categories presented in Table 1. 

Hence, the normalized results are factors of the characterized results and the reference factors, 

and show the relation between the emission level and how many world citizens’ yearly 

activities it represents. It can then be decided how vast the emission level is in comparison to 

the total emissions in an impact category. 

2.3 LCA limitations and criticism 
To analyze the environmental impacts of a product, process or service throughout the 

framework of the ISO 14040 standards has become more and more acceptable and popular. 

Even though software programs have facilitated the process, some methodological issues 

remain. The tools have received criticism for not being completely transparent, and not 

explaining assumptions properly (USEPA, 2006). 

LCA has also been criticized for only accounting for environmental issues, and not 

considering social and economic issues (Sleeswijk, et al., 2008). A study done by Ciroth and 

Becker (2006) concludes that a validity check should be undertaken to verify if assumptions 

and the modeled life cycle represent the process in question. Such a test would give the results 

more reliability (Ciroth & Becker, 2006).  

LCA should not be relied on by itself, it should be seen as one of many tools that can inform 

the decision making process. It is an analytical tool that can be used together with other tools 

in order to take decisions (Ciroth & Becker, 2006). 

3. Background Material 

3.1 Literature Review 
Not much literature data has been found about egg yolk powder and egg phospholipids 

production. Most of the information from this production has been gathered from Fresenius-

Kabi and one of its egg yolk powder suppliers. Since that information does not originate from 

the literature, it has been placed in section 3.2.  

3.1.1 LCA Results from Food Studies 

Food production is responsible for a considerable share of global environmental problems. A 

study done by the Swedish national food agency concludes that the Swedish emissions of 

carbon dioxide equivalents related to food consumption are two tones per person, which 

corresponds to around a third of a Swede’s total emissions of carbon dioxide equivalents (Swedish 

Environmental Protection Agency, 2010). Furthermore, the release of phosphorus and nitrogen 
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from the agricultural sector contributes to eutrophication, which has caused significant impacts to 

life in the Baltic Sea (Swedish Environmental Protection Agency, 2006). Hence by applying 

LCA methodology to food products, the results can distinguish products with a lower 

environmental impact, which can encourage sustainable consumption, identify the life cycle 

phases where the most pollution occurs and direct production to methods that result in less 

environmental impact. 

However, applying LCA to food products is not unproblematic. The LCA tool was developed 

primarily for industry and their processes and systems (Andersson, 2000). The tool needed 

methodical review when agricultural sectors started to employ it.  

LCA studies on food products often tend to get complicated with several allocation issues. A 

difficult but typical allocation problem, often found in food LCA studies of Swedish beef and 

milk production, is how much of the energy that is given to a cow should be allocated to the 

milk and later to the beef? Similarly, the environmental impacts of the storage, manure 

handling, use of fertilizers and so on, must also be accounted for. There is a similar allocation 

issue in this project between spent hen laying meat and eggs, which is discussed in section 

3.1.2.  

In addition, functional units can be complicated to define in food studies, especially if the 

object of study needs certain storage conditions. Such issues tend to be more complicated for 

comparative LCA studies. In such studies, it is relevant to include the nutrition or calorific 

function that the functional unit holds, if it contains proteins, fats, vitamins etc. Complete 

meals, quality, could also be used as functional units in food studies. Furthermore, definition 

of system boundaries and division between techno sphere and nature are critical issues in 

comparison studies (Schau & Fet, 2008). A study on wild caught cod, farmed salmon and 

farmed chicken conducted by Ellingsen and Aanondsen (2006) highlights such difficulties. 

The feed of the salmon and chicken is considered to be included in the techno sphere and 

therefore also in the study. However, the wild cod’s feed is considered as part of nature and is 

thereby excluded from the study, resulting in the system boundaries being different (Ellingsen 

& Aanondsen, 2006). Another issue is handling of waste management of human excrement. 

Should the humans be considered as techno sphere or nature?  

Finally, as for all LCA studies, obtaining quality data is a key issue in order to acquire 

trustworthy results. Data collection is often the most time consuming phase of an LCA study. 

Nutrient and pesticide leakage from fields are often hard to estimate, as leakage rates depend 

on soil properties (Andersson, 2000). 

3.1.2 Egg production 

According to Swedish (Lovén Persson, 2009; Sonesson, et al., 2008), Dutch (Dekker, et al., 

2008) and American (Xin, et al., 2011) studies on environmental problems related to egg 

production, the most severe effects occur in the hen feed production and at the laying farm. 

The studies include organic, free range and cage house egg production methods. The methods 

differ in the hens’ ability to move and what kind of food they are served. The mobility of cage 

hens is restricted to its cage, while free range and organic production methods give more 

space. Organic production methods also demand an organic feed (Lovén Persson, 2009).  
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A significant portion of the greenhouse gas emissions such as nitrous oxides and carbon 

dioxide are generated during hen feed production due to fertilizer and tractor usage. In 

addition, nitrogen oxide and sulfur oxide emissions from tractors, and nitrogen and 

phosphorus leakage from fertilizers worsen eutrophication and acidification problems. In the 

egg laying phase, the studies stress ammonia leakage from the hens’ manure, which 

contributes to the acidification. 

Sonesson et al. (2008) perform a life cycle study where carbon dioxide equivalents emissions 

have been calculated. The study has been conducted on two egg production farms where the 

carbon dioxide equivalents emissions are approximated to 1.6 and 1.8 kg per one kilogram of 

eggs. The sulfur dioxide equivalents emissions and the nitrate equivalents emissions are 

estimated to 22-28 and 120-146 grams per kilogram of eggs respectively. 

3.2 Other background material  

3.2.1 Egg yolk powder production 

The egg yolk powder production takes place at different suppliers. The production includes 

separation of egg yolk, egg shells and egg white, pasteurization and drying. To generate heat 

to warm up, dry, and pasteurize the liquid eggs, fuel oil is incinerated in steam boilers. Steam 

is also used to clean the machinery.  

Environmental effects 

Due to the handling of organic material the waste water levels of nitrogen and phosphorus are 

high. The fuel oil incineration generates air emissions such as carbon dioxide, sulfur dioxide, 

nitrogen dioxides and particle matter which cause environmental problems such as global 

warming, eutrophication, acidification and human health problems. The production also 

requires lye for cleaning and electrical energy (Fägerlind, 2013). 

3.2.2 Egg phospholipids production 

The egg yolk powder consists of around twenty per cent phospholipids (Nielsen, 2007) (Aro, 

et al., 2009). At Fresenius-Kabi’s production plant in Kungsängen, the egg phospholipids are 

extracted with ethanol, and by repeated precipitations with acetone, diethyl ether and 

petroleum ether, the raw phospholipids are cleaned to become the final product. The main raw 

materials in the production of egg phospholipids are egg yolk powder, solvents, fuel oil and 

nitrogen. 

Environmental effects 

According to Fresenius-Kabi’s environmental report of the Kungsängen factory (Lindskog, 

2012), the most severe detected environmental issue that occurs within the egg phospholipids 

production is the solvent emissions. The great leakage of solvents contributes to ground level 

ozone formation, which can cause health problems such as respiratory illnesses to humans 

(Lindskog, 2012) and substantial damages to vegetation and agriculture (Baumann & Tillman, 

2004). A high share of the ethanol and acetone is also recycled and used in coming batches.  

In addition, the commodity plant incinerates fuel oil and solvents that have not been recycled 

to produce steam which is used within the production. As for the egg yolk powder production, 
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the fuel oil is synonymous with environmental issues such as climate change, acidification 

eutrophication and toxicity related issues due to emissions of carbon dioxide, nitrous oxides, 

sulfur oxides and VOC. The plant also generates waste water which is treated at the waste 

water plant Käppala.  

4. Goal and Scope Definition 

4.1 Goals of the study 
The aim of this project is to conduct a standalone and accounting LCA of Fresenius-Kabi’s 

product egg phospholipids. Fresenius-Kabi lacks information about the product’s major 

environmental effects in a bigger perspective. The results will therefore serve as identification 

and quantification of the most severe environmental effects that occur within the life cycle of 

the product. The results are expected to be used in coming certification work, in procurements 

of raw materials, product marketing and to identify processes that generate a major 

environmental impact within the life cycle of the product. Another aim is also to evaluate the 

outcome of the using other raw materials and processes, which is done in scenarios. These 

scenarios serve as a basis for recommendations on reduced environmental impact. More 

details about the aim have been presented in section 1.2.  

The intended audience is the environmental department and the decision making management 

group at the company. Also, the company’s egg and egg yolk suppliers are a stakeholder 

group since their environmental impacts are measured in this report relatively to egg 

phospholipids production.  

4.2 Functional unit  
Egg phospholipids are a component in parental nutrition products which are used in hospitals 

to feed patients that need nutritional intake through veins, bypassing the usual food intake 

functions.  

The functional unit is the production of 330 kilograms of egg phospholipids at Fresenius 

Kabi’s commodity plant in Kungsängen. The production of egg phospholipids at Fresenius-

Kabi is conducted batch wise, and one batch gives 330 kilograms of egg phospholipids. Since 

many other aspects in the company are measured by batch, this facilitates coming 

calculations. 

Since this study is a standalone and accounting LCA, the functional unit definition is not 

critical (Baumann & Tillman, 2004). The functional unit is mass based, and does not account 

for any nutritional values of the product since it is not compared with another product.  

4.3 System Boundaries 
This study focuses on the production of egg phospholipids in a cradle to gate perspective. It 

means that the study starts at the raw material extraction of each material needed in the 

process. For example, one starting point is at the cultivation of feed for the hens that are to 

produce eggs for the product. The product is prefabricated at the commodity plant in 

Kungsängen, and this study also ends there. No user perspective is added to this study since 
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the purpose is not to investigate the downstream impacts. To include such life stage phase is 

considered to give the study a too extensive time frame with many allocation issues. 

Data has been acquired for the processes within the expanded system boundaries. The system 

boundaries are depicted with the black line in Figure 2, where also the expanded system 

boundaries are depicted with the dotted black line. The inventory data of for example hen feed 

and solvents, which are considered to be positioned in the background, is Ecoinvent and Food 

LCA DK data. That is, inventory data of for example fertilizers, arable land, secondary energy 

use air and water emissions of such processes are not presented in this report, but can be 

found in SimaPro or Ecoinvent. 

 

Figure 2. General flow chart of the egg phospholipids production.  

The study is applicable for the year of 2012. This study reflects the input production 

quantities of the year 2012, and the quantities differ from each year. However, it is considered 

that the outlines of the results are valid until major differences are made in the production 

methods within any of the different sub processes. Some products are produced outside 

Sweden, where Germany and Brazil are most frequent as export countries. The geographical 

limitations have been set considering the origin of the raw materials. More information about 

the raw materials origin is presented in chapter 5. 
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4.4 Limitations 
No packaging material, machinery such as filters are included in this study. In addition, the 

solvent petroleum ether that is used in the egg phospholipids production has been excluded 

from the study due to lack of data. Petroleum ether is not used in vast quantities, thus its 

impact in a life cycle perspective is considered to be low. The effect of excluding machinery 

and packaging material, however, is harder to tell, and could be a future work 

recommendation. No other cut offs have been made.  

Only electricity usage at Fresenius-Kabi’s commodity plant in Kungsängen related to the 

production has been taken into consideration. The total usage of electricity in the production 

of egg phospholipids at the plant in Kungsängen is measured to 9 866 MWh per year 

(Lindskog, 2012). 30 per cent of such electricity is not considered to be connected with the 

product (Bengtsson, 2013). Such energy is used at offices and storages etc. This cut off is 

most likely not affecting the final results, since electricity generation and usage is not a major 

hospot, as the results will tell.  

The used impact assessment give results in 18 different impact categories. However, this 

study limits the impact assessment to only study following seven impact categories, climate 

change, human toxicity, photochemical oxidant formation, terrestrial acidification, freshwater 

eutrophication, marine eutrophication and fossil depletion. Other impact categories showed 

low impact in relation to the total global emissions of its corresponding measure unit. These 

impact categories were therefore not considered as interesting and they were excluded. Other 

reasons to exclusion are impact categories that use identical measuring units, and impact 

categories with less relevance to Fresenius-Kabi. More information about this is found in 

chapter 6. 

4.5 Allocation issues 
As explained earlier, this study is no exception to other LCA studies on food products 

regarding allocation issues. Nine major allocation issues are found which also can be seen in 

Figure 2. No end of life allocation issues are handled since this study ends after the egg 

phospholipids production and does not account for human intake of the product. Following 

allocation issues presented in Table 2 have been encountered:  

Table 2. Allocation issues. 

 

 

Allocation problem Life cycle phase 

Spent laying hens Egg production 
Manure from laying hens  
Egg shells Egg yolk powder production 

 Egg white products 
Egg yolk residues Egg phospholipids production 
Egg phospholipids residues 
Sludge  
Heat 
Recycled solvents 
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The spent laying hens are subject to meat production after a 75 week life. The material and 

energy inputs to a hens’ life must therefore be partitioned between the eggs and the meat. The 

metabolism of the feed gives manure – a fertilizer or biogas feedstock source – which also 

must be considered.  

In the egg yolk powder production, there is an allocation issue between egg shells, egg white 

and egg yolk. Only the egg yolk is needed to produce the functional unit. 

The residue products in the egg phospholipids production give more allocation problems. The 

undesired parts of the egg yolk and egg yolk powder that ends up in the waste water sludge 

during the processing become biogas and feed. Residue heat from the steam boilers is used to 

heat up nearby houses. The production also requires several solvents, as explained in section 

3.2.1, which are recycled and used in coming egg phospholipids batches, or combusted to 

generate steam for coming egg phospholipids batches. More details on how the issues are 

solved are presented in the chapter 5. 

4.6 Assumptions 
Svenska foder is used as hen feed information source. The feed producer has several different 

production sites in Sweden, where the factory in Hällekis is assumed to be used in this study. 

The transports distances of the hen feed ingredients are calculated with respect to Hällekis. 

All eggs that are used in Fresenius-Kabi’s egg phospholipids production are not Swedish. 

Eggs with Danish and Finnish origin are also needed (Fägerlind, 2013). However, no data 

regarding Danish or Finnish feed production site has been found. This study assumes that all 

eggs are produced in Perstorp, Sweden. 

Three distances are assumed. The ethanol and acetone are transported to Kungsängen with 

different means, which imply need of transshipment. The solvents’ second and first 

transshipment is done by electric train. Exact train distances of such travels have not been 

possible to obtain, hence the road distance has been used and rounded to closest hundred 

kilometers. Secondly, an exact starting point of the oil transport from the North Sea was 

neither possible to obtain. The half sea distance between Aberdeen (Great Brittan) and 

Göteborg has therefore been used, which is assumed to be the location of the oil rig. Thirdly, 

the obtained ethanol origin data only specified origin country and no city. Thus, an 

assumption is that the ethanol passes through Porto de Santos, which is one of the busiest 

container ports in South America. 

The defatted egg yolk powder feed share (also termed as egg yolk residues in Table 2) is 

assumed to replace soybean cultivation and processing. 

4.7 Scenarios 

Five different scenarios are identified as interesting. In the first scenario, sugar cane ethanol 

based on molasses is replaced with cellulosic ethanol. In the second scenario, the product is 

based on only cage hen eggs. These scenarios were conducted since ethanol and hen feed 

production are identified as processes which generate major environmental impacts. The aim 
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of these scenarios is to provide information that could be used to decrease the total 

environmental load of the product. 

The third and fourth scenarios analyze treatment methods of the residue products hen manure 

and egg yolk residues. These scenarios can be conducted to provide sensitivity analysis, and 

to see if some process are favorable in an environmental perspective. The fifth scenario 

analyzes the allocation of emery and material inputs to the egg yolk powder production, 

which is sensitivity analysis information.  

4.8 Impact categories definition and impact assessment method 
SimaPro offers a number of different impact assessment methods. In this thesis the ReCiPe 

Midpoint Hierarchist World method is chosen. This method is considered to hold relatively 

low uncertainties because it only involves classification, characterization and normalization 

(Pré, 2012). It is composed of 14 different measure units and 18 different impact categories. 

More details about the impact categories are found in section 2.2. 

Due to the interest of Fresenius Kabi, eleven impact categories have been excluded from 

deeper analysis. The impact categories that Fresenius Kabi found interesting are climate 

change, human toxicity, photochemical oxidant formation, terrestrial acidification, marine 

eutrophication, freshwater eutrophication and fossil depletion. More details about the impact 

category choices are found in section 4.4 and chapter 6. 

5. Inventory Analysis 

5.1 Hen Breeding and egg production  
As explained in section 3.1.2, four LCA studies of egg production have aided to identify the 

quantities of inputs and outputs to the hen breeding and egg production. The first approximate 

15 weeks of a hen’s life are spent in a hen breeding facility. The breeding usually takes place 

at different sites than the actual egg production. The main inputs to the hen breeding are heat 

energy and hen feed. The newly born chickens need heat energy to maintain body heat. 

Sonesson et al. (2008) approximates such heat energy need to 4.7 MJ per laying hen. 

Sonesson et al. (2008) assumed that such energy is generated from a wood pellets furnace. 

The same study accounts for an electricity and feed need per hen of 0.36 MJ and five 

kilograms. The material and energy inputs to the hen breeding phase per functional unit are 

summarized in Table 3. As explained in Appendix Table 23, the total number of hens that are 

needed to produce the required egg mass is 913 per functional unit. 

Table 3. Material and energy inputs per hen to hen breeding life cycle phase (Sonesson, et al., 2008). 

Input Data Unit Reference Dataset 

Electricity 329 MJ (Sonesson, et al., 2008) Electricity, medium voltage, production SE, 
at grid/SE S (Ecoinvent) 

Heat energy 4.291 GJ (Sonesson, et al., 2008) Heat, wood pellets, at furnace 15kW/CH S 
(Ecoinvent) 

Hen feed 5 295 kg (Sonesson, et al., 2008) See Table 4. 
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In order to cover all necessary nutritional needs of a hen, the animal feed is composed by 

several different ingredients. It consists mainly of wheat, oats, soy meal and calcium 

carbonate, which covers the nutritional needs of carbohydrates, protein and minerals 

respectively. The composition of the feed regarding the mentioned ingredients differs 

depending on the hen’s age. In Table 4 are the different pullet feed ingredients per functional 

unit presented. 

Table 4. The different ingredients in pullet feed per functional unit (Sonesson, et al., 2008). 

Input Mass (kg) Reference Dataset 

Wheat 1 872 (Sonesson, et al., 2008) Live stock feed (wheat) SWE 
(LCA Food DK) 

Soy meal  1 096 (Sonesson, et al., 2008) Live stock feed (soy) (LCA Food 
DK) 

Oats 685 (Sonesson, et al., 2008) Live stock feed (oats) SWE(LCA 
Food DK) 

Limestone 457 (Sonesson, et al., 2008) Limestone, milled, loose, at 
plant/CH S (LCA Food DK) 

Vegetable fatty acid 320 (Sonesson, et al., 2008) Fatty acids, from vegetarian oil, 
at plant/RER S (LCA Food DK) 

Barley 183 (Sonesson, et al., 2008) Live stock feed (spring barley) 
SWE (LCA Food DK) 

Sum 4 565 (Sonesson, et al., 2008)  

The main inputs to egg production are electrical energy, hen feed, water and hens. The 

electrical energy is mainly used to light the barns and to ventilate (Hörndahl, 2007; Neuman, 

2009), and occupy most of the energy needs. The electrical need per hen life is estimated to 

31 MJ (Lovén Persson, 2009). A laying hen consumes two deciliters water per day, which is 

105 liter during a 75 weeks life (Lovén Persson, 2009). Unlike the hen breeding, no heat 

energy input is required at this phase, the heat generated by the hens is considered to be 

sufficient to maintain a good temperature in the barn. The actual egg production is carried out 

batch wise, and when a new batch enters the barn, some heat energy may be needed. 

However, Sonesson et al. (2009) consider this heat energy input as minimal.  

The hen feed input to an egg production facility depends on its egg production system. The 

eggs that are used in this study originate from both free range system and cage system with 

the distribution 70 and 30 percent respectively (Fägerlind, 2013). This distribution also 

mirrors the distribution of Swedish hen production systems. The inputs in the egg production 

life cycle phase system are presented in Table 5. 

Table 5. Inputs per functional unit to the egg production life cycle phase (Lovén Persson, 2009). 

Input Data Unit Reference Dataset 

Electricity 28 303 MJ (Lovén Persson, 2009) Electricity, medium voltage, production SE, 
at grid/SE S (Ecoinvent) 

Diesel 21 912 liter (Lovén Persson, 2009) Diesel (kg) (LCA Food DK) 

Hen feed  39 076 kg (Lovén Persson, 2009) See Table 6. 

Water 95 865 liter (Lovén Persson, 2009) Tap water, at user/RER S (Ecoinvent) 
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The different hen feed ingredients per functional unit are presented in  

Table 6. The ingredient’s shares are based on products from Svenska Foder, which is one of 

the biggest hen feed producers in Sweden (Hermansson, 2013). The minerals and flowers are 

not accounted for in this study. The total hen feed input is therefore 30 076 kilograms. 

Table 6. The different ingredients in the hen feed per functional unit (Sonesson, et al., 2008). 

Inputs mass (kg) Reference Dataset 

Wheat 18 007 (Sonesson, et 
al., 2008) 

Live stock feed (wheat) SWE 
(LCA Food DK) 

Soy 6 662 (Sonesson, et 
al., 2008) 

Live stock feed (soy) (LCA Food 
DK) 

Limestone 4 093 (Sonesson, et 
al., 2008) 

Live stock feed (oats) SWE(LCA 
Food DK) 

Oats 4 013 (Sonesson, et 
al., 2008) 

Limestone, milled, loose, at 
plant/CH S (LCA Food DK) 

Barley 2 448 (Sonesson, et 
al., 2008) 

Live stock feed (spring barley) 
SWE (LCA Food DK) 

Rapeseed 2 328 (Sonesson, et 
al., 2008) 

Rape seed meal (LCA Food DK) 

Vegetable fatty acids 1 525 (Sonesson, et 
al., 2008) 

Fatty acids, from vegetarian oil, 
at plant/RER S (LCA Food DK) 

Other minerals and flower 1 084   

Sum 40 160   

The ingredients wheat, oats and barley are typical Swedish grains and are cultivated within a 

150 kilometer radius from Hällekis, Sweden (Hermansson, 2013). Calcium carbonate, 

extracted from lime stone, and vegetable fatty acids are also Swedish products. The rapeseed 

is imported from northern Germany and the soybeans are cultivated in Mato Grosso, Brazil 

and transported from Porto Velho to Hällekis via Fredrikstad in Norway (Grupo André 

Maggi, 2010). Transport I, II, III symbolize different transshipment, they are explained in 

more detail in Table 24 in Appendix, , where also the used dataset is found.. The hen feed 

inputs’ transport energy need is presented in  

Table 7. 

Table 7. Origin and transport distance of the input materials to free range egg production in Perstorp, Sweden 

(Hermansson, 2013) (Sea distances, 2013) (Google Maps, 2013). 

INPUTS Origen 
Transport 

I (tkm) 
Transport 

II (tkm) 
Transport 
III (tkm) 

Wheat Hällekis, Sweden 2 701 5 960   
Soybean Porto Velho, Brazil 72 780 1 665 2 205 
Limestone Fallowing, Sweden 262 1 355   
Oats Hällekis, Sweden 602 1 328   
Barley Hällekis, Sweden 367 810 

 
Rapeseed Hamburg, Germany 1 406 370 770 
Vegetable fatty acid Karlshamn, Sweden 517 505   
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The outputs from this life cycle phase are manure, eggs, spent laying hens, water and air 

emissions. The average egg output from a free range and cage hens is approximated to 20 

kilograms (Lovén Persson, 2009). After 75 weeks of egg production, the hens are transported 

to the slaughter house for meat production. The weight of a 75 week old hen is approximately 

1.45 kilogram (Sonesson, et al., 2008).  

Poultry manure is a great source of nitrogen and phosphorus. Therefore, the manure has many 

usage areas; it can be used as a source in biogas digestion chambers, or as organic fertilizers 

(Lovén Persson, 2009). However, the high nitrogen content also forms ammonia (NH3), 

nitrous oxide (N20) and methane (CH4) which leak into the atmosphere. The nitrous oxide 

emissions occur by nitrification and denitrification, while methane emissions are generated 

when the manure decomposes anaerobically (IPCC, 2006). 

The nitrogen leakage occurs both in the barn and at the manure’s storage. According to the 

Swedish Egg Association, the nitrogen leakage of the total nitrogen contained in the manure 

depends on the manure’s water content and how well it is covered. Typical ammonia 

emissions at Swedish egg production facilities from the barn and the storage are 10 percent 

and 12 percent respectively of the total nitrogen content in the manure (Lovén Persson, 2009). 

Typical nitrogen content of poultry manure is 1.35 percent. According to the study by Lovén 

Persson (2009), a hen generates eleven kilograms dry manure per life.  

According to an IPCC report on nitrous dioxide and methane emissions in poultry manure 

management, they are approximated to 0.02 kg N20 per kg N excreted and 0.03 kg CH4 per 

hen life (IPCC, 2006). It gives the following output of manure and emissions per functional 

unit presented in  

Table 8. The calculations behind these numbers can be found in Table 25  in Appendix.  

Table 8. Outputs per functional unit from hen breeding (Lovén Persson, 2009) (IPCC, 2006). 

Output Mass (kg) Reference Dataset 

Manure (dry content) 10 043 (Lovén Persson, 2009) Poultry manure, dried, at regional 
storehouse/CH S (Ecoinvent) 

Ammonia 140.6 (Lovén Persson, 2009)  
Nitrous oxide 11.87 (IPCC, 2006)  
Methane 27.39 (IPCC, 2006)  
Nitrate 749.6 (LCA Food DK, 2003)  
Phosphate 9.130 (LCA Food DK, 2003)  
Eggs 18 249 (Lovén Persson, 2009)  
Spent laying hen meat 1 324 (Sonesson, et al., 2008) Fowl meat (LCA Food DK) 

5.1.1 Solving egg production allocation  

Two major allocation problems are found in this life cycle phase. The phase’s outputs are 

eggs, manure and spent laying hen meat, and this study is only interested in the eggs. 

Therefore, the inputs to the egg production must be divided between manure, eggs and meat.  
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Hen meat is mostly used to prepare broth. The value of the meat is low since it is not 

considered as especially tasty (Sonesson, et al., 2008). The hen manure is a great source of 

organic fertilizer and as a feedstock in biogas production (Lovén Persson, 2009). 

In an LCA study on eggs conducted by Leinonen et al. (2012), economic allocation is used to 

portion the environmental impacts of egg production between spent laying hens meat and hen 

eggs. The study’s functional unit is 1 000 kg of hen eggs. An economic value of layer meat 

that corresponds to 1 000 kg hen eggs is divided by the economic value of 1 000 kg of hen 

eggs. Thus, the input materials could be shared between the eggs and the meat. Such share is 

estimated to two per cent for the spent hen laying meat and 98 per cent to the eggs. Another 

egg LCA study by Sonesson et al. (2008) accounted for an income for egg producers from 

spent laying hen close to negligible; hence the authors could justify an economical allocation 

situation where all environmental impacts could be allocated to the eggs. Furthermore, this 

allocation issue could be solved by mass allocation, where the total egg production and total 

weight of spent laying hen are compared. 

The other allocation issue is the hen manure. Here, one could think of expanding the system 

boundaries as allocation method, which would credit the egg production phase with the 

product it replaces.  

Hen manure 

The hen manure issue has been solved by increasing the boundaries to give the manure a 

credit for the product it replaces. The manure output is considered to be used as fertilizers. 

Thus, it credits the egg production life cycle with 10 043 kilogram poultry manure per 

functional unit. This method was chosen since it is the first recommended allocation method 

and since quality data was obtained. Other allocation methods, such as considering how much 

nutrients from the feed that goes to the eggs seemed more difficult to handle. 

Spent hen laying meat 

Since there is no economic value in the spent hen laying meat (Sonesson, et al., 2008), the 

economic allocation method gives a situation where the eggs carry all burdens. That 

allocation situation is not accurate; there is a value associated with the meat. Thus, in order to 

allocate the burdens between the eggs and the meat economic allocation was disregarded as 

method. Neither to expand the system boundaries was considered since no proper data quality 

of the broth preparation methods has been found. 

Instead, the spent hen laying meat is allocated by mass relation between eggs and meat in this 

thesis, which results in a 93 percent burden on the eggs following Equation 2: 

Equation 2. Spent hen laying meat burden allocation.  

             

                          
     

5.2 Egg yolk powder production  
The main inputs to the egg yolk powder production are electricity, fuel oil, lye, eggs and 

water. On average, the egg yolk powder supplier produces 0.1085 kilogram egg yolk powder 
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per kilogram eggs. The inputs to produce 1 920 kilograms egg yolk powder, which 

correspond to the required egg yolk powder input to produce one functional unit, are 

presented in   
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Table 9. 
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Table 9. Material and energy inputs per functional unit to the egg yolk powder production  

Inputs Data Unit Reference Dataset 

Electricity, high 
voltage 

4.22 GJ (Fägerlind, 2013) Electricity, high voltage, production SE, at 
grid/SE S (Ecoinvent) 

Fuel oil 420 kg (Fägerlind, 2013) Fuel oil lowS refinery Europe  S (Ecoinvent) 

Sodium hydroxide 
(NaOH) 

19.2 kg (Fägerlind, 2013) Sodium hydroxide, 50% in H2O, production 
mix, at plant/RER S (Ecoinvent) 

Sulfuric acid 
(H2SO4) 

8.10 kg (Fägerlind, 2013) Sulphuric acid, liquid, at plant/RER S 
(Ecoinvent) 

Egg 18 249 kg (Fägerlind, 2013)  

Water 30.0 m3  (Fägerlind, 2013) Tap water, at user/RER S (Ecoinvent) 

The sodium hydroxide, sulfuric acids and fuel oil are from Ibbenbühren, Helsingborg and 

North Sea respectively. Transport I, II, III symbolize different transshipment, they are 

explained in more detail in Table 24, where also the used dataset is found.. The inputs’ 

transport energy need is presented in Table 10. 

Table 10. Origin of egg yolk powder inputs. 

Inputs Origen 
Transport 
I (tkm) 

Transport 
II (tkm) 

Transport 
III (tkm) 

Egg Perstorp, Sweden 5 894   
Sodium hydroxide  Ibbenbühren, Germany 7 17 4 
Sulfuric acid  Helsingborg, Sweden 6 2  
Fuel oil North Sea 115 59  

The main outputs from the supplier are water and air emissions apart from the other powder 

products such as egg powder and egg white powder. Due to commercial confidentiality no 

other information than the egg yolk products are given in this thesis. All outputs are presented 

in Table 11. 

Table 11. Outputs per functional unit from the egg yolk powder production life cycle. 

Output Mass Unit Reference 

Waste water 32.4 m3 (Fägerlind, 2013) 
BOD7 73.1 kg (Fägerlind, 2013) 
COD 118 kg (Fägerlind, 2013) 
P-tot 0.5 kg (Fägerlind, 2013) 
N-tot 3.5 kg (Fägerlind, 2013) 
Nitrous oxide 530 g  (Fägerlind, 2013) 
Carbon dioxide 1 329 kg (Fägerlind, 2013) 
Egg yolk powder 1920 kg (Fägerlind, 2013) 

5.2.1 Solving egg yolk powder production allocation 

In this case, the egg yolk supplier is a company in the food industry. It produces egg yolk 

powder and other food powders, including egg white powders. Regarding allocation issues at 

this life cycle phase, there is an issue with the egg white and egg shells, but also between 

other dried food products. As with the spent laying hens, these co-products could be allocated 
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either by the co-products’ economic or mass value compared to the egg yolk product, which is 

the product of interest.  

However, an estimation is that 11 percent of the input energy and materials should be 

allocated to the egg yolk powder (Fägerlind, 2013). Such a number is estimated taking into 

account the dry solid content of the egg yolk, number of production phases it passes, if the 

egg shell is removed at the supplier, the BOD7 and phosphorus content in the final product in 

comparison with other products (Fägerlind, 2013). According to the staff at this production 

site, such egg yolk powder burden is more representative than mass allocation, which could 

be done with the mass data presented in  

Table 12. A scenario is presented in section 7.5, which tests allocation by mass. Economic 

allocation has not been considered in this case due to lack of trustworthy data. 

Table 12. Egg products from egg yolk powder supplier. 

Product Share Reference 

The egg white and mixed egg products 58% (Fägerlind, 2013) 
Egg yolk 25% (Fägerlind, 2013) 
Egg shells 11% (Fägerlind, 2013) 
Egg residues 6% (Fägerlind, 2013) 

5.3 Egg phospholipids production 
The egg phospholipids production at Fresenius-Kabi in Kungsängen requires around 500 000 

American, German and Swedish chickens, which lay approximately 155 million eggs that 

give 180 tonnes egg phospholipids per year. It corresponds to approximately ten per cent of 

the total Swedish egg production.  

The production of egg phospholipids are conducted batch-wise. Fresenius-Kabi completed 

512 batches in the year of 2012. One batch gives 330 kilograms of egg phospholipids. The 

presented tables in this section correspond to energy and material need for one batch, which 

give 330 kilogram egg phospholipids, which also is the functional unit. All inputs for one 

batch are presented in Table 13. 

Table 13. Material and energy inputs to egg phospholipids production. 

Inputs Mass (kg) Reference Dataset 

Egg yolk powder 1 818 (Lindskog, 2012)  

Ethanol 2 809 
(Lindskog, 2012) Ethanol, 95% in H2O, from sugarcane 

molasses, at sugar refinery/BR S (Ecoinvent) 
Ethanol from solvent 
recycling 

17 087 
(Lindskog, 2012) Ethanol, 95% in H2O, from sugarcane 

molasses, at sugar refinery/BR S (Ecoinvent) 

Acetone 1 084 (Lindskog, 2012) Acetone, liquid, at plant/RER S (Ecoinvent) 

Acetone from 
solvent recycling 

7 247 
(Lindskog, 2012) Acetone, liquid, at plant/RER S (Ecoinvent) 

Diethyl ether 274 (Lindskog, 2012) Dimethyl ether, at plant/RER S (Ecoinvent) 

Petroleum ether 434 (Lindskog, 2012) Not considered. See Section 4.4 

Nitrogen 2 174 (Lindskog, 2012) Nitrogen, liquid, at plant/RER S (Ecoinvent) 

Fuel oil 1 864 (Lindskog, 2012) Fuel oil lowS refinery Europe  S (Ecoinvent) 
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External solvents 2 005 
(Lindskog, 2012) Ethanol, 95% in H2O, from sugarcane 

molasses, at sugar refinery/BR S (Ecoinvent) 

Electricity (kWh) 13 986 
(Lindskog, 2012) Electricity, high voltage, production SE, at 

grid/SE S (Ecoinvent) 

Water 112 190 (Lindskog, 2012) Tap water, at user/RER S (Ecoinvent) 

The output by products and emissions from the egg phospholipids production are presented in  

Table 14. 

Table 14. Outputs per 330 kilograms of egg phospholipids from egg phospholipids production (Lindskog, 2012). 

Outputs Mass (kg) Reference 

Waste water sludge 65 (Lindskog, 2012) 

DEYP to biogas 504 (Lindskog, 2012) 

DEYP to fat and protein feed production 822 (Lindskog, 2012) 

Residue heat (MWh) 42 (Lindskog, 2012) 

BOD7 684 (Lindskog, 2012) 

TOC 254 (Lindskog, 2012) 

COD 1 123 (Lindskog, 2012) 

P-tot 2 (Lindskog, 2012) 

N-tot 1 (Lindskog, 2012) 

Waste water 28 566 (Lindskog, 2012) 

CO2 3 154 (Lindskog, 2012) 

CO2 (biogenic) 6 261 (Lindskog, 2012) 

N02 8 (Lindskog, 2012) 

SO2 2 (Lindskog, 2012) 

Dust 1 (Lindskog, 2012) 

VOC 211 (Lindskog, 2012) 

HFC - Trifluoretan 0,027 (Lindskog, 2012) 

HFC - Pentafluoretan 0,024 (Lindskog, 2012) 

HFC - Tetrafluoretan 0,002 (Lindskog, 2012) 

As explained in section 3.2.2, there is a high flow of egg residues due to undesired fats and 

proteins in the egg yolk. This residue ends up in biogas and feed production at 

Himmerfjärdsverket and at a supplier. It replaces other biogas production and soybeans. The 

waste water sludge is also treated at Syvab’s biogas digester at Himmerfjärdsverket. It is 

sludge with high water content and low biogas yield. The residue heat is used within Fortum’s 

district heating system, and it replaces a heat plant fuelled with wood pellets.  

More details about how these allocation issues are solved are found in section 5.3.1. The 

replaced output products from the egg phospholipids production are presented in   
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Table 15. The calculations behind the data can be found in section 12.1.3 in Appendix. 
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Table 15. Replaced output products from egg phospholipids production. 

Replaced product Data Unit Reference Dataset 

Heat  44 141 MWh (Bengtsson, 
2013) 

Pellets, mixed, burned in furnace 50kW/CH S 

(Ecoinvent) 

Biogas, 70.3 % CH4 
(from DEYP) 

387 m3 (Aronsson, 
2012) 

Biogas, from fat and oil, at agricultural co-

fermentation, covered/CH S (Ecoinvent) 

Soybeans (from DEYP) 1 370 kg (Poysa, et al., 
2005) 

Soybeans, at farm/BR S (Ecoinvent) 

Biogas, 62% CH4 (from 
waste water sludge) 

1.25 m3 (Aronsson, 
2012) 

Biogas, from sewage sludge, at storage/CH S 

(Ecoinvent) 

The origin of the input materials to Fresenius-Kabi’s commodity plant in Kungsängen is 

presented in  

Table 16. Transport I, II, III symbolize different transshipments, explained in more detail in   
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Table 31 in Appendix, where also the used dataset is found.  

Table 16. Origin and transport distance of the input materials to egg phospholipids production (Sea distances, 2013) 

(Google Maps, 2013). 

INPUTS Origen 
Transport 
I (tkm) 

Transport 
II (tkm) 

Transport 
III (tkm) 

Transport 
IV (tkm) 

Egg yolk powder 
Location and transport 
energy need hided due to 
confidentiality, Sweden  

      

Ethanol Porto de Santos, Brazil 28 251 1 146 1 405 1 795 
Ethanol from solvent recycling Kungsängen, Sweden n/a       
Acetone Gladbeck, Germany 1 410 40     
Acetone from solvent recycling Kungsängen, Sweden n/a       
Diethyl ether Herne, Germany 368       
Petroleum ether Antwerp, Belgium 675       
Nitrogen gas Oxelösund, Sweden 311       
Fuel oil North Sea 690 848     
External solvents Strängnäs, Sweden 164       

Sludge 
Himmerfjärdsverket, 
Sweden 

5    

DEYP to biogas 
Himmerfjärdsverket, 
Sweden 

36    

DEYP to fat and protein feed 
production 

Location and transport 
energy need hided due to 
confidentiality, Sweden 

224    

5.3.1 Solving egg yolk powder production allocation  

Since the phospholipids content in the egg yolk only sums up to 20 percent, there is a large 

flow of egg residue. The remaining 80 percent is termed defatted egg yolk powder (DEYP) 

and ends up in biogas production and in feed production, which create allocation issues. 

In order to account for this allocation situation, the system boundaries could be expanded to 

include this biogas and feed production facilities to calculate a biogas and feed yield from the 

egg yolk residue. These yields are then replacing other production. Applied in this project, it 

credits the egg phospholipids production with the environmental load that other systems avoid 

by using its co-products. This form of system expansion is recommended according to the 

ISO 14040 standard. It is justified by the need of less energy and material in other systems 

since it replaces raw materials (Baumann & Tillman, 2004). Figure 2 shows how the system 

has expanded due to allocation issues. 

Furthermore, there are heat residues and waste water sludge, which also becomes biogas that 

forms other allocation issues. These can be solved similarly as the egg yolk residues.  

The recycled solvents create a more complicated allocation issue. Baumann and Tillman 

(2004) discuss different possibilities. A problem with recycled materials and LCA 

methodology is which recycled product that should be responsible for the environmental 

effects that occurs in the very first raw material acquisition and the last waste management. 

One approach is to consider that raw material acquisition always generates waste, and 

therefore the first product should hold the final waste management load. It could also be 
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argued that the waste management process creates a new need of raw materials, therefore the 

last product should hold the effects generated at the raw material acquisition. The first and the 

last product could also hold equal shares of both processes. Another option is to assign the 

impacts from waste management and raw material acquisition equally to all products that use 

the recycled material in their processes. This option is termed closed loop approximation and 

is suitable for materials that do not lose too much quality during the recycling.  

The allocation issues that are given due to the byproducts biogas, heat and feed are solved by 

system expansion. The calculations behind the numbers presented in   
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Table 15 are presented in section 12.1.3. 

DEYP 

It is considered that the biogas is avoiding other biogas production. The defatted egg yolk 

powder (DEYP) is rich in fat and protein and the share that goes to biogas production gives a 

high biogas yield (Aronsson, 2012). The 388.25 m
3
 biogas yield presented in   
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Table 15 has been calculated with help from the wastewater treatment plant.  

The DEYP feed share replaces another fat and protein source in another product. More than 

such information about its upstream production has not been able to obtain due to commercial 

confidentiality. This report uses the assumption that it replaces soybean cultivation and 

processing. 

Heat 

The heat is used in the local district heating system to heat nearby houses and buildings in 

Kungsängen. These houses and buildings would have obtained their heat from a wood pellets 

fueled heat plant, which it now avoids (Bengtsson, 2013). 

Egg phospholipids residue 

Approximately five per cent egg phospholipids, which corresponds to 17.5 kilograms, remain 

stuck in the production and do not enter the dispensing stage where the final packaging take 

place. This mass is returned to next batch. This fraction has been allocated by mass, which 

result in a 95 percent burden on the final product following Equation 3: 

Equation 3. Egg phospholipids residue burden calculation EP stands for Egg Phospholipids. 

                  
                                          

    

Recycled solvents 

The solvent recycling avoids solvent production. 21 011 kilograms ethanol are used per batch. 

85.88 percent of this ethanol is recirculated to the redistillation process and reused in coming 

batches. 0.3 percent is combusted in the steam boilers. The company’s ethanol balance lacks 

13.82 percent ethanol per batch to be complete. Such fraction is considered to be emitted to 

the atmosphere.  

The acetone faces a similar situation. 8 789 kilograms acetone are needed per batch. 86.99 

percent of this acetone is redistillated and reused in coming batches. 13.01 percent is 

combusted in steam boilers which together with fuel oil, imported solvents cover the energy 

consumption per batch.  

This allocation issue has been solved by only burdening one batch of egg phospholipids 

production with 14.12 and 13.01 percent of the total ethanol and acetone input. The energy 

input to the redistillation has also been accounted for. 

There is a very small quality loss in the ethanol that is redistilled. Without physical ethanol 

losses (emissions to the atmosphere), the egg phospholipids production could be self-

sufficient in ethanol (Lundström, 2013). 21 011 kilograms ethanol would last for 

approximately seven batches, and these batches do equally burden the energy input to the 

redistillation process and the impacts generated at the production of the ethanol. The 

performed allocation solution is also termed approximation with closed loop recycling.  
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6. Life Cycle Impact assessment 
This chapter presents the characterized and normalized impact assessment results. The results 

are obtained through the impact assessment method ReCiPe Midpoint Hierarchist World. 

Midpoint evaluation includes 18 different impact categories. As explained in section 2.1, the 

normalized results are used to understand the magnitude of the emission levels in a global 

context. The y axis in

 Figure 4 represents how many world citizens yearly activities that correspond to the emission 

quantity presented in the characterized results.   

-20

-10

0

10

20

30

40

50

60

70

80

W
o

rl
d

 c
it

iz
e

n
s 

 y
e

ar
ly

 a
ct

iv
it

ie
s 

Normalized results 

Egg Production Egg Yolk Powder Production Egg Phospholipids Production



40 

 

Table 17 and   
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Figure 3 present characterized results, and Figure 4 shows normalized results.  
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Table 17. Life cycle impact assessment characterized results.  

Impact category Unit Total 
Egg 
Production 

Egg Yolk 
Powder 
Production 

Egg 
Phospholipids 
Production 

Climate change kg CO2 eq 41 227,58 29 829,32 2 215,49 9 182,77 
Ozone depletion kg CFC-11 eq 0,02 0,01 0,00 0,01 
Human toxicity kg 1,4-DB eq 8 243,05 2 216,30 204,27 5 822,48 
Photochemical oxidant formation kg NMVOC 451,90 108,24 8,49 335,17 
Particulate matter formation kg PM10 eq 112,39 90,61 1,93 19,85 
Ionising radiation kg U235 eq 16 409,52 5 702,37 829,49 9 877,66 
Terrestrial acidification kg SO2 eq 562,26 497,26 4,60 60,39 
Freshwater eutrophication kg P eq 8,53 4,11 0,57 3,85 
Marine eutrophication kg N eq 343,60 331,21 5,69 6,70 
Terrestrial ecotoxicity kg 1,4-DB eq 218,45 171,47 0,42 46,56 
Freshwater ecotoxicity kg 1,4-DB eq 122,80 75,04 3,14 44,62 
Marine ecotoxicity kg 1,4-DB eq 83,37 35,93 3,38 44,06 
Agricultural land occupation m2a 38 057,56 32 844,49 20,05 5 193,02 
Urban land occupation m2a 107,71 60,24 8,01 39,45 
Natural land transformation m2 -12,17 71,61 0,26 -84,04 
Water depletion m3 965,99 569,72 45,78 350,49 
Metal depletion kg Fe eq 763,57 433,16 47,63 282,78 
Fossil depletion kg oil eq 9 283,34 3 339,27 614,26 5 329,81 
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Figure 3. Life cycle impact assessment characterized results. 

 Figure 4. Life cycle impact assessment normalized results. 

6.1 General emission sources and substances 

Egg production and egg phospholipids production are the two processes that stand out. The 

environmental impact that occurs at the egg yolk powder production is low in comparison 

with the other two processes. The impact categories ozone depletion, urban land occupation, 

water and metal depletion show very low global impact in relation to the total global 

emissions of this measure unit. These impact categories are therefore not further analyzed.  

The ecotoxicity impact categories showed similar results, which originate from pesticide 

usage in the hen feed and ethanol feedstocks cultivation. In addition, since the ecotoxicity 

impact categories are measured with the same unit, only human toxicity entered to further 

analysis. In addition, the impact categories particulate matter formation, land occupation and 

natural land transformation are considered less relevant to Fresenius-Kabi.  

Seven impact categories remain, which also reflect a wide set of actual environmental 

problems, where the egg production shows a greater impact in impact categories such as 

climate change, terrestrial acidification and marine eutrophication. The egg phospholipids 

production is responsible for most emissions in the impact categories human toxicity, 

photochemical oxidant formation and fossil depletion. The two processes equally burden the 

impact category freshwater eutrophication. 

Relative the total global emissions, most impacts are generated in the ecotoxicity and 

eutrophication impact categories. This mirrors the production activities. The egg production 

and egg phospholipids production need agricultural land to cultivate raw materials to produce 
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hen feed and ethanol. In this raw material production, fertilizers, pesticides, lubricants and 

diesel usage generate these environmental impacts. Affects from usage of these raw materials 

are also detected in a study by Ometto, et al. (2009).  

6.2 Climate change 

 

Figure 5. kg carbon dioxide equivalent emissions by process and substance. 

As seen in Figure 5, the two greatest emission substances of carbon dioxide equivalents are 

carbon dioxide and dinitrogen monoxide. Two major emission sources of carbon dioxide are 

the combusted fuel oil in the steam boilers at the egg phospholipids production but also at the 

phase’s raw material production. In addition, the vegetable fatty acids production is a greater 

emission source of carbon dioxide. Most dinitrogen monoxide emissions are generated at the 

hen feed production phase. It originates from the fertilizers production and usage within the 

hen feed production, especially from the dominating hen feed ingredients, soybean and wheat. 

Another emission source of dinitrogen oxides is the manure generated at the egg production. 

Note that the bar Free range egg production in Figure 5 only accounts for the free range egg 

production, which only accounts for 70% of the used eggs per functional unit. In addition, 

other activities in the cultivation and harvesting such as traction generate carbon dioxide 

emissions. The remaining carbon dioxide in the not specified process bar originates from raw 

material extraction and road transports, however, none of such process has larger impact than 

the other presented processes.   
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6.3 Human Toxicity  

 

Figure 6. kg 1,4-dichlorobenzene equivalent emissions by process and substance. 

Human toxicity is the impact category with the highest share to the global pollution among all 

impact categories in this study. The impact assessment method ReCiPe uses the chemical 1,4-

dichlorobenzene as a reference substance to measure this impact category. The greatest 

emission substances sources in this impact category are manganese, phosphorus and arsenic. 

These emissions originate from fertilizer and pesticide usage in ethanol and vegetable fatty 

acids feedstocks cultivation. The manganese and phosphorus emissions to soil and air 

originate from the fertilizers, while arsenic leak from pesticide usage. The Swedish high 

voltage electricity generation and nitrogen gas production also generate impact in this 

category. The bar Not specified processes include processes like fossil fuels managing in 

transports and tractor usage. Other not mentioned emission substances are heavy metals such 

as barium, cadmium and lead.   
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6.4 Photochemical oxidant formation  

 

Figure 7. kg non methane volatile organic compounds equivalents emissions by process and substance. 

The main emission substances in this impact category are NMVOC, nitrogen oxides and 

carbon monoxide. Most NMVOC emits from the egg phospholipids production, where 

leakage of ethanol generate these emissions. The ethanol production is another great emission 

source of NMVOC equivalent emissions, but the emission substance source is mostly carbon 

monoxide. Traction used at the hen feed production generates some emissions in this impact 

category due to its use of diesel. Other not presented processes are represented by fossil fuels 

handling in for example transports.   
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6.5 Terrestrial acidification 

 

Figure 8. kg sulfur dioxide equivalent emissions by process and substance. 

This impact category dominates by the emission substances ammonia emissions, but also 

nitrogen and sulfur oxides emissions. The high ammonia emissions derive from the hen 

manure generated in the egg production, but also from other processes which manage 

fertilizers, such as cultivation of feedstocks for production of hen feed and ethanol. The 

nitrogen and sulfur oxides originate from fossil fuel usage in for example tractor usage. In 

addition, transport generate emissions of nitrogen and sulfur oxides in this category, where the 

freighter transport of soybeans from Brazil to Norway is the most energy demanding 

transports, due to its distance but also to its high share in the hen feed. 
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6.6 Freshwater eutrophication 

 

Figure 9. kg phosphorus equivalent emissions by process and substance. 

The dominating emission substance sources in the freshwater eutrophication impact category 

are phosphate and phosphorus. The major emission sources of phosphate are the hen manure 

management and the fertilizer usage in the hen feed and ethanol production. The main 

emission source of phosphorus is the waste water from egg yolk powder and egg 

phospholipids production. In addition, the nitrogen gas production also contributes to the 

emission in this impact category.  
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6.7 Marine eutrophication 

 

Figure 10. kg nitrogen equivalent emissions by process and substance.  

Also the marine eutrophication impact category finds its emission sources in the hen feed 

fertilizers and hen manure, where nitrate and ammonia leak. Especially wheat production 

contributes with high nitrate emissions since it is the main ingredient in the hen feed. Nitrate 

is the dominating emission substance source. Nitrogen oxides emissions to air from diesel use 

in tractors when harvesting the feed ingredients give a lower impact.  

The raw materials used in egg phospholipids production and the production’s waste water are 

its emission sources in this impact category. However, the egg phospholipids production life 

cycle phase is no net producer of nitrogen equivalent emissions due to the avoided fertilizer 

usage in the avoided soybeans production. 
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6.8 Fossil depletion 

 

Figure 11. kg crude oil equivalents emissions by process and substance. 

The use of fossil fuels is concentrated to the fuel oil usage in steam boilers at the egg 

phospholipids production and egg yolk powder production. Acetone and ethanol production 

requires both natural gas and crude oil. It is manufactured in Germany, therefore typical 

Swedish energy carriers are not used. Diesel usage within the feed transportation and traction 

in hen feed production also adds on to crude oil acquisition. Some natural gas is also used in 

the cultivation of soybeans and sugar cane in Brazil. An interesting point is that acetone is 

more fossil fuel demanding than ethanol even though more ethanol is needed per functional 

unit. 
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7. Sensitivity analysis 
Five scenarios were conducted in order to verify the validity of the results and to explore how 

other production methods change the environmental impact of the egg phospholipids.  

In the first scenario, the product was based on only cage hen eggs. Since great impact was 

encountered in the hen feed ingredients production, and cage hens consume less feed than 

free-range hens, this was found to be interesting. The hen feed ingredient production methods 

are not analyzed in this thesis, but could certainly also be considered.  

Ethanol production from sugar cane molasses shows high impacts in several impact 

categories, therefore it would be interesting to analyze how other ethanol types changes the 

environmental load of the egg phospholipids.  

38 percent of the defatted egg yolk powder (DEYP) is in the base case scenario treated in a 

biogas facility and the remaining 62 percent was further processed by a supplier to replace 

protein and fat sources. In order to see which treatment method credits the egg phospholipids 

the most, the treatment method for the DEYP was analyzed. The investigated treatment 

methods were biogas digestion and protein and fat source production in the third scenario. 

In the fourth scenario, the validity of the chosen base case hen manure treatment method was 

tested. In the base case scenario, the chosen method was fertilizer production. However, the 

manure was also an excellent source in biogas production, and the differences between these 

two treatment methods was tested. 

Finally, since the inventory analysis gave two possibilities on how to allocate impacts 

between egg yolk powder and other products generated in that life cycle phase, the last 

scenario analyzes the results when changing the allocation factor for the egg yolk powder. 

7.1 Cage hen egg scenario 
Cage hens are in the base case scenario assumed to eat 0.2 kilograms less feed per kilograms 

of produced eggs, hence, this scenario put less stress on the hen feed cultivation processes. As 

with the base case scenario, this scenario presupposes 913 cage hens that produce 20 

kilograms of eggs per life. The cage hens require two kilograms of feed per kilograms of 

eggs, which result in a total requirement of 36 520 kilograms hen feed. In the base case 

scenario, the hen feed input is 39 076 kilograms, which gives 2.14 kilograms of hen feed per 

kilograms of eggs. The hen feed input to this scenario is 6.5 percent lower. 

In addition, lower mass amounts not only affect the cultivation, but also the transports needed 

to freight the feed ingredients. The transports are reduced with 6.5 percent, as with the total 

hen feed input. The characterized results from this cage hen egg scenario are presented in 

Table 18.  
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Table 18. Characterized results from cage hen scenario. 

Impact category Unit Cage hen scenario Total reduction Reduction [%] 

Climate change kg CO2 eq 39 693,15 -1 534,44 -5% 
Human toxicity kg 1,4-DB eq 8 134,94 -108,11 -5% 
Photochemical oxidant formation kg NMVOC 445,48 -6,42 -6% 
Terrestrial acidification kg SO2 eq 551,65 -10,61 -2% 
Freshwater eutrophication kg P eq 8,42 -0,11 -3% 
Marine eutrophication kg N eq 333,97 -9,63 -3% 
Fossil depletion kg oil eq 9 072,18 -211,16 -6% 

Lowering the feed intake by 0.14 kilograms reduces the environmental impact from the hen 

feed production phase with two to six percent in the different impact categories. Less need of 

fertilizers give less dinitrogen oxide emissions, which decrease the carbon dioxide 

equivalents. The reduction in the acidification and eutrophication impact categories are lower 

due to most effects in those impact categories being generated by the hen manure, which is 

not assumed to differ due to egg production system.  

7.2 Ethanol scenario 
Molasses ethanol is derived from a sugar feedstock and a co-product recovery, which is one 

of several feedstocks for ethanol production (Wilkie, et al., 2000). Other common feedstocks 

are starch and cellulose. Residue materials as feedstocks, which also include sugar cane 

molasses, show interesting features since it creates allocation situations where all impacts are 

not carried by a single product. Another advantage is that residue agricultural products are not 

subject to food production. Other examples of such residue materials than molasses are pulp 

from the paper industry and agricultural crop residues such as corn stover and straw from 

wheat production, which remain after harvest (Nelson, 2007).  

The molasses are a co-product from sugar crystallization, which is a sub process in the sugar 

cane production. There are a few other co-products from sugar production, and so all inputs to 

sugar production should be allocated between these different co-products. The ethanol from 

the molasses should not by itself carry all environmental impacts from the cultivation.  

Ethanol production from cellulosic feedstocks has shown promising results, due to lower 

fertilizer and pesticide need, energy ratio, availability in several climate zones, its ethanol 

yields and certain features of the plants (Sánchez & Cardona, 2008). A study by Kusiima and 

Powers (2009) which compared ethanol production from different feedstocks such as corn 

(starch), corn stover, switchgrass, and forest residue (cellulose) concluded that the lower 

fertilizer need by cellulosic feedstocks resulted in lower upstream emissions (Kusiima & 

Powers, 2010). Another study by Somma et al. (2009) concluded that cellulosic feedstocks 

have better energy conversion ratios compared with corn (starch) and sugar cane (sugar), 

which reduce carbon dioxide emissions, and result in less damaging land and water impacts. 

(Somma, et al., 2009) 

In this scenario, the sugar cane molasses ethanol is substituted by two other ethanol types. The 

two chosen ethanol types are produced from the feedstocks switchgrass and wood. Since also 
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switchgrass originates from cultivation, some similar environmental issues are expected 

compared to the base case scenario. Switchgrass is a fast growing crop, which grows to 

around two meters high. It requires little water or fertilizer to grow (Montenegro, 2005). 

Switchgrass also has a good ability to extract nitrogen from unfertilized soils. Parrish and Fike 

(2005) reported in a study that very little fertilizer is applied in its cultivation, which resulted 

in a net removal of nitrogen (Parrish & Fike, 2005).  

Changing feedstocks type to cellulose based ethanol may also change the origin of the 

ethanol. However, transports are not changed in this scenario since its aim is to investigate the 

impacts from ethanol production. In addition, this thesis does not aim to find possible ethanol 

suppliers. The characterized results from this ethanol scenario are presented in Table 19. 

Table 19. Characterized results from ethanol scenario. 

Impact category Unit 
Wood 

ethanol 
Total 

reduction 
Variation 

[%] 
Grass 

ethanol 
Total 

reduction 
Variation 

[%] 

Climate change kg CO2 eq 41 399 172 0,42% 42 009 781 1,90% 

Human toxicity kg 1,4-DB eq 6 702 -1 542 -19% 4 455 -3 787 -46% 

Photochemical oxidant formation kg NMVOC 365 -87 -19% 362 -90 -20% 

Terrestrial acidification kg SO2 eq 547 -15 -2,63% 630 68 12% 

Freshwater eutrophication kg P eq 7,70 -0,83 -9,71% 8,10 -0,43 -4,99% 

Marine eutrophication kg N eq 341 -2,17 -0,63% 347 3,64 1,06% 

Fossil depletion kg oil eq 9 377 94 1,01% 9 239 -44 -0,47% 

Table 19 shows low differences in the impact categories such as climate change, terrestrial 

acidification, marine eutrophication and fossil depletion. However, the impact category 

human toxicity show clearly lower emissions from wood and grass based ethanol.  

The reason for the lower emissions of dichloride benzene equivalents from the grass ethanol 

is the result of lower phosphorus emissions from its cultivation, as seen in Figure 12. Also the 

wood ethanol has the lowest amounts of all emission substances. However, as Figure 13 

shows, the ammonia emissions are higher from the grass ethanol, which generate high impact 

in the Terrestrial Acidification impact category. Regarding phosphorus equivalent emissions, 

the sugar cane molasses ethanol shows highest impact, which can be seen in Figure 14.  
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Figure 12. Characterized results of 1,4 kg DB equivalent emissions from three different ethanol types. 

 

Figure 13. Characterized results of kg SO2 equivalent emissions from three different ethanol types. 
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Figure 14. Characterized results of kg P equivalent emissions from three different ethanol types. 

7.3 DEYP biogas scenario 
In this scenario, the treatment method of the DEYP is changed to either be biogas treatment or 

protein and fat processing. Table 20 shows how these scenarios change the characterized 

results. 

Table 20. Characterized results from DEYP biogas scenario. 

 
Impact category Unit 

DEYP 
biogas 

scenario Variation 
Variation 

[%] 
DEYP feed 
scenario Variation 

Variation 
[%] 

Climate change kg CO2 eq 43 221,15 1 993,56 5% 40 116,58 -1 111,01 -3% 
Human toxicity kg 1,4-DB eq 8 328,97 85,92 1% 8 195,65 -47,40 -1% 
Photochemical oxidant formation kg NMVOC 464,07 12,17 3% 445,09 -6,80 -2% 

Terrestrial acidification kg SO2 eq 569,56 7,31 1% 558,19 -4,07 -1% 
Freshwater eutrophication kg P eq 9,21 0,68 8% 8,15 -0,38 -4% 
Marine eutrophication kg N eq 356,76 13,16 4% 336,24 -7,36 -2% 
Fossil depletion kg oil eq 9 325,90 42,56 0% 9 259,88 -23,46 0% 

Table 20 shows that the greatest environmental benefits are given by treating the DEYP in a 

feed substation process. This assumes that the same biogas, fat and protein yield calculations 

that were used in the base case scenario. The greatest benefits are given in the impact 

categories freshwater eutrophication and climate change. The fairly low variations also 

strengthen the trustworthiness of the base case scenario results. 

7.4 Hen manure treatment scenario 
The manure generated from one hen life can give approximately three cubic meters of biogas 

(Lovén Persson, 2009).   
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Table 21 shows how the characterized results differ when changing treatment process of the 

hen manure. 
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Table 21. Characterized results from hen manure treatment scenario 

Impact category Unit 
Base case 
scenario 

Biogas 
scenario Variation 

Variation 
[%] 

Climate change kg CO2 eq 41 227,58 40 046,03 -1 181,56 -3% 
Human toxicity kg 1,4-DB eq 8 243,05 8 401,29 158,24 2% 
Photochemical oxidant formation kg NMVOC 451,90 453,39 1,49 0% 
Terrestrial acidification kg SO2 eq 562,26 518,61 -43,64 -8% 
Freshwater eutrophication kg P eq 8,53 8,67 0,14 2% 
Marine eutrophication kg N eq 343,60 342,63 -0,97 0% 
Fossil depletion kg oil eq 9 283,34 9 547,83 264,49 3% 

As seen in   
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Table 21, biogas treatment of the hen manure gives lower environmental impact in the impact 

categories climate change and terrestrial acidification. However, the differences between the 

two scenarios are relatively low. Two impact categories favor the biogas scenario, and three 

impact categories give the base case scenario an advantage. There is therefore no clear best 

alternative for the treatment of the hen manure.  

7.5 Egg yolk allocation factor scenario 
As explained in chapter 5.2.1, the base case scenario uses an allocation factor of 11 percent to 

divide the environmental burdens between different products generated at the egg yolk 

powder production. This scenario tests the mass allocation factor, which is 25 percent, as 

shown in  

Table 12.  

Only the washing is subject to allocation, the energy use is measured per kilogram of egg yolk 

powder. Some fuel oil is used in the washing, thus the fuel oil usage increases in this scenario. 

Therefore, only usage levels of water, waste water, lye, fuel oil, air and water emissions are 

affected by the higher allocation factor. Transports are also changed since more lye and fuel 

oil must be transported. The inputs that represent this scenario are presented in section 12.2. 

The characterized results from this scenario are presented in Table 22. 

Table 22. Characterized results from egg yolk allocation factor scenario. 

Impact category Unit 
Base 
case 

scenario 

25% 
allocation 

factor 

Base case 
scenario 

share of total 
emissions 

25% allocation 
factor scenario 
share of total 

emissions 

Variation 
[%] 

Climate change kg CO2 eq 2 215,49 2 853,58 5,4% 6,8% 27% 
Human toxicity kg 1,4-DB eq 204,27 271,42 2,5% 3,3% 32% 
Photochemical oxidant formation kg NMVOC 8,49 11,39 1,9% 2,5% 33% 

Terrestrial acidification kg SO2 eq 4,60 5,86 0,8% 1,0% 27% 
Freshwater eutrophication kg P eq 0,57 1,14 6,7% 12,6% 88% 
Marine eutrophication kg N eq 5,69 10,34 1,7% 3,0% 79% 
Fossil depletion kg oil eq 614,26 934,87 6,6% 9,7% 47% 

As seen in Table 22, this scenario generates greater emissions, which is expected since the 

allocation factor is increased from 11 percent to 25 percent. However, since the magnitude of 

the emission from the egg yolk powder production already was low, the higher emission 

levels do not significantly affect the total emissions.  

8. Discussion 

8.1 Methodological choices and data uncertainty 
Data uncertainty is a good start for LCA discussions. In this case, there are some steps that 

can possibly affect the reliability of the results. The impact assessment method is one such 

step. Recipe Midpoint Hierarchist World is the used impact assessment methodology in this 
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thesis. Other possible impact assessment methods for this thesis are for instance Ecoinvent 99 

and CML 2000. All three were developed by Pré, who considers ReCiPe an improvement on 

Ecoinvent 99, thus it was chosen for this project (Pré, 2012).  

The Hierarchist version is the moderate perspective. It’s technological and policy making 

assumptions are neither optimistic nor pessimistic. The Hierarchist method is also considered 

as the default choice (Pré, 2012). The two other perspectives are considered as robustness 

analysis methods (Bare & Gloria, 2006). 

Furthermore, the data uncertainty can be affected by the chosen classification and 

characterization approach. Midpoint evaluation has been used in this thesis. The endpoint 

impact categories are due to its greater specificity, considered to be more understandable and 

therefore also more relevant for decision makers (Bare, et al., 2000). However, even though 

the midpoint results are more complex they give a more nuanced picture. Since the main 

target group of this thesis is the environmental department at Fresenius-Kabi, where 

environmental knowledge is high, the decision can be justified by the target group. In 

addition, the higher uncertainty in the endpoint analysis is another justification to such choice. 

To estimate the endpoint impact categories involves several different factors such as human 

health statistics and disability-adjusted life year (DALY) statistics of different diseases such 

as cancer. This makes DALY calculations dependent on subjective assumptions; it must 

accept how human health reacts to world average (Goedkoop, et al., 2009). This complicates 

endpoint estimation and gives it a higher uncertainty.  

Data uncertainty is a greater problem in the background processes, where less detailed 

literature review has been performed compared to the foreground system for this thesis. 

However, it is considered that the data in the used databases are high quality and passed a 

quality check to reach general acceptance. The results can be seen as no absolute numbers, but 

an indication and a trend on the situation.  

The used database for most hen feed products are from the Food LCA DK database, which is 

based on Danish production systems. This could be another source of uncertainty. In the 

SimaPro modeling, Danish electricity has been substituted with Swedish electricity. 

Some non-mandatory LCA steps such as grouping and weighting are not performed in this 

thesis. As with endpoint evaluation, which gives more specific result but also less diverse 

result, weighting and grouping are also considered to give less diverse results. The target 

group has a high understanding of different environmental issues, and can interpret the results. 

The study is neither a comparison study, where weighting is commonly performed. In 

addition, the development of the weights is believed to increase the level of subjectivity in the 

study.  

Regarding the performed allocation solutions, it is generally considered that system expansion 

should be used when dealing with allocation issues. In this thesis, four of nine encountered 

allocation issues have been solved by such method. The spent laying hens and egg 

phospholipids residues could be allocated similarly, however, no usage area for the meat has 

been found, and since other studies allocated by mass, this study did not either expand the 
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system boundaries. In addition, extensive and quality data are other reasons to why these 

issues have been solved by mass allocation.  

The recycled solvents are allocated by approximation with closed loop recycling. It is 

considered that recycled materials that lose little quality should be allocated with such 

method. It is considered reasonable that recycled materials should equally burden the 

environmental impacts at raw material and waste handling.  

The allocation issue that occurs in the egg yolk powder production is subject to greater 

discussion. Mass allocation is not appropriate in this case since the egg white has higher water 

content, and therefore also will require more energy to dry. Economic allocation could 

account for such higher energy need, but has not been considered optimal by the supplier. The 

allocation percentage that is used in this project is derived by experts in the egg yolk powder 

industry. In addition, a scenario has been performed that concluded that increasing the burden 

of the egg yolk powder production did not significantly affect the results. 

The greatest transport in terms of ton kilometers (tkm) is the transport of soybeans from 

Brazil to Perstorp via Fredrikstad and Hällekis. This transport does not show any greater 

impact. Transports do not generate a greater impact in the life cycle of egg phospholipids. The 

great need of raw materials to produce the functional unit creates greater impact at their 

manufacturing, than to transport them despite the long distances. Regarding the assumptions 

that have been done for the transports, they can be said not to be overestimated, since no 

transport show any greater impact. The assumption about which kind of feed source that the 

egg yolk residues from the egg phospholipids production replace can be justified by the high 

usage of soybeans as protein and fat sources in animal feeds (Lovén Persson, 2009). 

The chosen impact categories reflect the interest of Fresenius-Kabi. Eleven impact categories 

have been excluded from the analysis, either by its low global impact or due to the interest of 

the employer.  

8.2 Life cycle impact assessment results 
The results presented in this theses show similar result as earlier studies and expectations. The 

worst environmental impacts are found in ecotoxicity and eutrophication impact categories. 

Earlier LCA-studies on egg production have encountered great emissions sources in the hen 

feed production and hen manure management due to nitrate and ammonia emissions. These 

emission sources are also detected in this thesis. The worst detected environmental concern at 

Fresenius-Kabi is the NMVOC emissions. Compared to other life cycle phases, the egg 

phospholipids production clearly stands out as one of the greater emission sources of 

NMVOC in the particulate matter formation impact category.  

Perhaps the high global impact in the ecotoxicity impact categories is surprising. However, 

none of the used references on egg production has analyzed it in deeper detail. Regarding the 

major ecotoxicity impact emission sources, they are encountered in Brazil, where 

environmental regulation on pesticide usage has not yet reached the equivalent level in 

developed countries (Rosén Nilsson & Tengnäs, 2002).  
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In addition, the low effect on the water footprint is perhaps surprising. A study done by 

Hoekstra and Mekonnen (2010) conclude that the water footprint of chicken egg is calculated 

to be around 3 300 cubic meters per ton eggs. Another life cycle phase that requires vast water 

amounts is the bioethanol production.  

Hen feed production requires higher raw materials quantities than ethanol production; hence, 

it shows greater impacts in some impact categories. The sugar cane cultivation does not 

require as much land as for example wheat (Sánchez & Cardona, 2008). 

Human ecotoxicity is the impact category with the highest contribution to global pollution. 

Several raw materials that are used within the life cycle of egg phospholipids originate from 

cultivation, where pesticides and fertilizers leak manganese, phosphorus and heavy metals. 

Manganese is toxic to humans and can lead to diseases of motion, reproduction and 

respiratory disturbances (Francis & Forsyth, 1995). Regarding phosphorus it refers to white 

phosphorus, which is very toxic to humans. It can for example give respiratory problems and 

affect organs such as the liver and kidneys (ATSDR, 1997). The eutrophication impact 

categories also show high impact, where phosphate and nitrate emissions from the hen 

manure and fertilizers is a great emission source. 

The production and management of hen feed, the hen manure, ethanol and the final 

production of egg phospholipids are considered to be the major process sources of 

environmental pollution in the life cycle of egg phospholipids. The hen feed production and 

the hen manure management are processes that have a greater impact in impact categories 

such as climate change, acidification and eutrophication. Dinitrogen monoxide emissions 

from manure and phosphate and nitrate emissions from fertilizers are the major emissions 

substance sources from hen feed production and hen manure management. Ethanol production 

generates impact in the impact categories, human toxicity, eutrophication and fossil depletion, 

due to emissions from fertilizers and pesticides. The production also requires fossil fuels, 

which add on to its depletion. The egg phospholipids production is a greater emission source 

of carbon dioxide emissions due to incineration of fuel oil in steam boilers. NMVOC, 

phosphate and phosphorus are other major emissions substance sources from the egg 

phospholipids production, which give the phase presence in the impact categories climate 

change, photochemical oxidant formation and freshwater eutrophication. Below are the 

emission sources and substances per impact category explained in detail. 

Transports show low impact. Even though most transport use diesel, no major effects from its 

fossil fuel usage are shown. Efficient and extensive packaging gives low impact per weight 

unit of material. Compared to ethanol, less acetone is used per functional unit. However, in 

the fossil depletion impact category, the acetone show higher usage levels of fossil fuels. 

Acetone production is more fossil fuel demanding per mass unit than ethanol production.  

The results show impact in relation to its input mass; they do not relate environmental impact 

of equal amounts to each other. Since more kilograms of ethanol are used than acetone, it is in 

most cases a greater impact source. To lower the environmental burden of the product, 
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environmental impact per mass unit of raw material could be more useful in order to choose 

raw materials with low environmental impact. 

8.3 Scenarios  
In order to decrease the environmental impact from egg phospholipids production, five 

scenarios have been studied. The hen feed production occupies a high environmental impact 

of the egg phospholipids. By lowering the feed intake with 0.14 kilograms hen feed per 

kilograms of egg lower the characterized results by two to six percent in the different impact 

categories. However, lowering the feed intake per kilograms must not affect the nutrient needs 

of the hens and their health, but since the hen feed production shows high impact, it can 

certainly be studied in order to reach an optimal feeding intake. Lovén Persson (2009) discuss 

how increased number of feeding occations per day decrease the feed spill. Bigger feed 

distribution boxes also deminish the congestion, and the hens can intake the feed less 

stressfully. Requirements can also be demanded on the fertilizer usage in the feed production.  

Free range hens have a higher ability to express their natural behavior, which may be an 

ethical reason to choose eggs from free range systems. They can stretch their wings, exercise 

their muscles and benefit from the outdoors in a way that cage hens never can.  

Regarding the environmental impact from ethanol production, the cellulose feedstocks show a 

clear lower impact in the ecotoxicity and eutrophication impact categories. In this thesis, the 

capacity or price of ethanol production from cellulose feedstocks is not discussed and could 

be an obstacle.  

The egg phospholipids production can receive more credits when its co-product egg yolk 

residue avoids soybean cultivation compared to biogas production. The forth scenario shows 

little differences and no clear best alternative for hen manure treatment method has been 

found.  

9. Recommendations 
Four sources have been detected as severe emission sources that cause the major 

environmental impact in the life cycle of the egg phospholipids. These are: hen feed and 

ethanol feedstocks production, hen manure management and the final egg phospholipids 

production. Fresenius-Kabi has only direct control over its own final egg phospholipids 

production. That phase is therefore the only one that the company can directly act upon.  

The solvent emissions from the egg phospholipids production is the major environmental 

problem at the commodity plant in Kungsängen. It is also a greater emission source in the life 

cycle of egg phospholipids, thus actions that decrease these emissions will also have effects in 

a life cycle perspective. The carbon dioxide emission from the steam boilers is not as clear 

emission source as the solvents in a life cycle perspective. 

The three other emission sources cannot directly be affected by Fresenius-Kabi. However, the 

company can demand that certain production conditions are fulfilled or ensured. When 

analyzing ethanol feedstocks the ethanol yield per square meter is an essential parameter, 
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which lowers energy, pesticide and fertilizer usage per liter ethanol. Also, the crop properties 

could be interesting; since some crops are less dependent on fertilizers and pesticides. 

Regarding the egg production, requirements should be imposed on the egg yolk powder 

supplier to only purchase eggs from hen laying farms that work actively to decrease their 

environmental impact. In the study by Sonesson et al. (2009), the authors discuss cleaner egg 

production measures. The feed consumption per kilograms of eggs must not exceed 2 

kilograms per cage hen, and 2.2 kilograms per free range egg. It is also good practice to 

regularly analyze the nutrient content of the feed and to only purchase feed from 

environmental certified producers. Ethically speaking and as discussed previously, it might 

also be an improvement to phase out non-free-range eggs.  

The emissions of ammonia and dinitrogen oxide are the greatest concern in the hen manure 

management. In order to diminish such emissions the manure could be better tapped. The egg 

laying farms should be able to present a balance of the farm’s nitrogen flow, from feed to 

eggs, spent laying hens and manure.   

10. Conclusion 
This thesis’ aim was to identify and quantify the most severe environmental effects in a life 

cycle perspective of Fresenius-Kabi’s product egg phospholipids. That aim has been reached 

by using LCA methodology with the ReCiPe Midpoint Hierarchist World impact assessment 

method. Eleven impact categories have been excluded due to low interest from the employer. 

The identified processes that generate the greatest impact in the life cycle of the product are 

the hen feed and ethanol feedstock production, the hen manure handing and the egg 

phospholipids production. The most severe environmental impacts are human toxicity and 

marine eutrophication. 

Human toxicity is the impact category where greatest global impact occurs. Pesticide and 

fertilizers usage in the cultivation of hen feed and ethanol feedstocks generate emissions of 

phosphorus, manganese and arsenic, which are toxic to humans.  

The marine eutrophication impact category finds its emission sources in the feedstocks 

production of hen feed, especially in the wheat cultivation and in the hen manure 

management. This impact occurs due to nitrate emissions from the fertilizer and manure 

handling. The greatest emissions substance source in this impact category is nitrate. 

The freshwater eutrophication impact category is dominated by phosphate emissions, which 

originates from hen manure handling, fertilizer usage in hen feed and ethanol feedstocks 

production and waste water from the egg phospholipids production, which also contains some 

phosphorus. The nitrogen production also generates some phosphate emissions. 

Other impact categories such as climate change, photochemical oxidant formation, terrestrial 

acidification and fossil depletion have lower global impact. In   
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Table 17, the emission quantities are included for the selected impact categories. 

Five scenarios are conducted to verify the results and to investigate the environmental impact 

of other raw materials. Lowering the hen feed intake by 0.14 kilograms per kilograms of egg, 

gives a two to six percentage reduction in the characterized results. Lowest reduction is yield 

in acidification and eutrophication impact categories. To produce ethanol from cellulosic 

feedstocks such as wood or grass show a lower impact in human toxicity, photochemical 

oxidant formation and freshwater eutrophication. However, grass ethanol shows higher 

impact in terrestrial acidification. Ethanol produced by wood cellulose has shown the best 

results, but generates slightly higher emissions of carbon dioxide equivalent and a somewhat 

higher use of fossil fuels. In the last scenario, the egg yolk powder allocation factor is 

investigated in a sensitivity analysis. This life cycle phase already has low environmental 

impact, thus to increase such allocation factor from 11 to 25 percent does not show any 

significant effect on the final results. 

The third and fourth scenarios investigate treatment method of egg yolk residue and hen 

manure. When avoiding soybean production, the egg yolk residue credits the egg 

phospholipids more than processing it in a biogas digester, despite the high biogas yield from 

the egg yolk residue. No obvious best method has been found for hen manure treatment. The 

used allocation factor to divide egg yolk powder production impacts between the production’s 

products is 11 percent. Such a number is calculated by the supplier. Another allocation factor 

could be 25 percent, which is the mass of the egg yolk. However, by applying such a factor 

does not change the final results significantly since the impacts from such life cycle phase is 

low.  

The scenarios show that, by analyzing the environmental impact of the purchased raw 

materials, Fresenius-Kabi can obtain an egg phospholipids’ life cycle production with great 

environmental impact reduction. Since vast environmental impacts are generated in the hen 

manure handling as well as in the hen feed and ethanol feedstocks production, the company 

can impose procurements requirement in feed intake per kilogram of eggs and to demand 

certifications which ensure low fertilizer and pesticide usage. The egg production can also 

diminish its impacts by optimizing the manure handling thus less ammonia and nitrate leak. 

Finally, cleaner production measures that Fresenius-Kabi can take in its own production are 

analyze its solvent, carbon dioxide, phosphorus and phosphate emissions, which also are high 

in a life cycle perspective.  
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12. Appendix 

12.1 Calculations 

12.1.1 Hen breeding and egg production 

Following Table 23, the total feed requirement per functional unit is approximately 39 tons.  

Table 23. Feed requirements per functional unit. 

Parameter Data Unit 

Functional unit 330 kg egg phospholipids 
Required egg yolk powder input per FU 1980 kg egg yolk powder 
Required egg input per kg egg yolk powder  9.22 kg eggs 
Required egg input per FU 18 249 kg eggs 
Eggs per hen life 20 kg eggs 
Free range eggs (70%) 12 774 kg eggs 
Required free range hen input per FU 639 hens 
Cage eggs (30%) 5 475 kg eggs 
Required cage hen input per FU 274 hens 
Required free range feed (2.2 kg per kg egg) 28 116 kg 
Required total number of hens 913 hens 
Required cage hen feed (2.0 kg per kg egg) 10 960 kg 
Total feed requirements 39 076 kg  

Table 24. Origin and mean of transportation of material inputs to poultry feed production in Hällekis, Sweden 

(Hermansson, 2013) (Sea distances, 2013) (Google Maps, 2013). 

Inputs Origen Distance I  Distance II Distance III 
Wheat Hällekis, 

Sweden. 
Hällekis, Sweden, 150 

km, lorry >32t, 

EURO4/RER S 

Perstorp, Sweden, 
311 km, lorry >32t, 
EURO4/RER S 

 

Barley Hällekis, 
Sweden. 

Hällekis, Sweden, 150 
km, lorry >32t, 
EURO4/RER S 

Perstorp, Sweden, 
311 km, lorry >32t, 
EURO4/RER S 

 

Oats Hällekis, 
Sweden. 

Hällekis, Sweden, 150 
km, lorry >32t, 
EURO4/RER S 

Perstorp, Sweden, 
311 km, lorry >32t, 
EURO4/RER S 

 

Limestone Fallowing, 
Sweden. 

Hällekis, Sweden, 64 
km , lorry >32t, 
EURO4/RER S 

Perstorp, Sweden, 
311 km, lorry >32t, 
EURO4/RER S 

 

Vegetable fatty 
acid 

Karlshamn, 
Sweden. 

Hällekis, Sweden, 339 
km , lorry >32t, 
EURO4/RER S 

Perstorp, Sweden, 
311 km, lorry >32t, 
EURO4/RER S 

 

Rapeseed Hamburg, 
Sweden. 

Göteborg, Sweden, 604 
km, transoceanic 
freight ship/OCE S. 

Hällekis, Sweden, 
159 km , lorry >32t, 
EURO4/RER S 

Perstorp, Sweden, 
311 km, lorry >32t, 
EURO4/RER S 

Soy Porto Velho, 
Brazil. 

Fredrikstad, Norway, 
10 925 km, 
transoceanic freight 
ship/OCE S  

Hällekis, Sweden, 
250 km , lorry >32t, 
EURO4/RER S  

Perstorp, Sweden, 
311 km, lorry >32t, 
EURO4/RER S 
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The calculations below explain the data presented in  

Table 8. 

Ammonia and nitrous oxides emissions 

Measurements of manure mass per hen, nitrogen content in hen manure and ammonia and 

nitrous oxide emissions are presented in Table 25. 

Table 25. Typical emissions of ammonia and nitrous oxides from hen manure (Lovén Persson, 2009). 

Parameter Data Unit 

Manure per hen 55 kg 
N in manure 1,35%   
N in manure 0,74 kg 

NH3 loss in barn manure 10%   
NH3 loss in barn manure 0,074 kg 
NH3 loss in storage manure 12%   
NH3 loss in storage manure 0,080 kg 

Total NH3 loss per hen 0,154 kg 
N2O loss in storage manure 2,0%   
Total N20 loss per hen 0,013 kg 

The ammonia emissions are calculated as follows:  

(             )  (                        )               

The nitrous oxides emissions are calculated as follows: 

(                    )                  

12.1.2 Egg yolk powder production 
Table 26. Origin and mean of transportation of material inputs to egg yolk powder production (Fägerlind, 2013) (Sea 

distances, 2013) (Google Maps, 2013). 

INPUTS Origen Transport I  Transport II Transport II 
Egg Perstorp, 

Sweden 
Location and transport 
energy need hided 
due to confidentiality, 
Sweden, lorry >32t, 
EURO4/RER S 

 

 

Sodium hydroxide  Ibbenbühren, 
Germany 

Kiel, Germany, 336 km 
lorry >32t, EURO4/RER 
S 

Norrköping, Sweden, 
848 km, transoceanic 
freight ship/OCE S 

Location and 
transport energy 
need hided due to 
confidentiality, 
Sweden, van 
<3.5t/RER S 

Sulfuric acid  Helsingborg, 
Sweden Norrköping, Sweden, 

220 km, transoceanic 
freight ship/OCE S 

Location and 
transport energy 
need hided due to 
confidentiality, 
Sweden, van 

 



71 

 

<3.5t/RER S 

Fuel oil North Sea Göteborg, Sweden, 
370 km, transoceanic 
freight ship/OCE 
S/OCE S 

Location and 
transport energy 
need hided due to 
confidentiality, 
Sweden, lorry 32t 

 

 

12.1.3 Egg phospholipids  

The calculations in this section explain the data presented in Table 13.  

Heat 

Measurements of the heat value of the outgoing heat per batch are presented in Table 27. 

Table 27. Heat value measurements of outgoing heat (Bengtsson, 2013). 

Parameter Data Unit 

COP heat pump 2   
Heat value of heated water  27.148 MWh 
Heat losses 5.078 MWh 

The outgoing heat per batch is then calculated to: 

(            )                       

Biogas from DEYP 

Biogas yield data from DEYP and measurements of DEYP mass is presented in Table 28. 

Table 28. Biogas yield data from DEYP biogas production and measurements raw material source (Håkansson, 2013) 

(Aronsson, 2012) 

Parameter Data Unit 

DEYP to biogas production per batch 504 kg 
Dry content 89%   
DEYP to biogas ratio (70.3% CH4) 859 m3 biogas/dry content ton DEYP 

The output biogas mass is calculated as follows: 

                           (          ) 

Biogas from waste water sludge 

Biogas yield data from water sludge and measurements of sludge mass is presented in Table 

29. 

Table 29. Biogas yield data from waste water sludge biogas production and measurements raw material source 

(Lindskog, 2012) (Aronsson, 2012) 

Parameter Data Unit 

Sludge to biogas production per batch 65 kg 
Dry content 35%   
DEYP to biogas ratio (62% CH4) 55 m3 biogas/dry content ton sludge 
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The output biogas mass is calculated as follows: 

                           (        ) 

DEYP to fat and protein feed production 

The egg yolk composition is presented in  

Table 30. 

Table 30. Egg yolk composition (Lovén Persson, 2009). 

 

After removing the water and the phospholipids, the remaining fat and protein shares are: 

                      
(        )

(                   )
 

which means that the fat content in the defatted egg yolk powder (DEYP) equals 59.5%. 

                          
   

(                   )
 

which means that the protein content in the defatted egg yolk powder (DEYP) equals 36.9%. 

This result in a 96.4% fat and protein content in the DEYP.  

A soybean consists of 60 percent fat and protein (Poysa, et al., 2005). The output DEYP mass 

equals 822 kilograms, as presented in  

Table 14. 822 kilograms DEYP replaces 1370 kilograms fat and protein from soybean 

following the equation: 

         

   
         

  

Egg yolk contents Share 

Water 49.0% 
Fat 33.0% 

where phospholipids 6.6% 

Protein 16.4% 
Hydro carbons and others 1.6% 
Sum 100% 
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Table 31. Origin and mean of transportation of material inputs to phospholipids production (Håkansson, 2013) (Sea 

distances, 2013) (Google Maps, 2013). 

INPUTS Origen Transport I  Transport II Transport III Transport IV 

Egg yolk powder Location and 
transport 
energy need 
hided due to 
confidentiality, 
Sweden 

Kungsängen, 
Sweden, lorry 
>32t, 
EURO4/RER S 

   

Ethanol Porto de 
Santos, Brazil 

Rotterdam, The 
Netherlands, 
10 056 km, 
transoceanic 
freight ship/OCE 
S 1 

Hanover, 
Germany, 408 
km, lorry >32t, 
EURO4/RER S 

Malmö, 
Sweden, 500 
km, freight, 
rail/RER S 2 

Kungsängen, 
Sweden, 639 
km, lorry 
>32t, 
EURO4/RER 
S 

Ethanol from 
solvent recycling 

Kungsängen, 
Sweden 

n/a    

Acetone Gladbeck, 
Germany 

Årsta, Sweden, 
1 300 km, 
freight, rail/RER 
S 2 

Kungsängen, 
Sweden, 37 
km, Lorry >32t, 
EURO4/RER S  

  

Acetone from 
solvent recycling 

Kungsängen, 

Sweden 

n/a    

Diethyl ether Herne, 
Germany 

Kungsängen, 
Sweden, 1 343 
km, Lorry >32t, 
EURO4/RER S  

   

Petroleum ether Antwerp, 
Belgium 

Kungsängen, 
Sweden, 1 554 
km, Lorry >32t, 
EURO4/RER S  

   

Nitrogen Oxelösund, 
Sweden 

Kungsängen, 
Sweden, 143 km, 
Lorry >32t, 
EURO4/RER S  

   

Fuel oil North Sea Göteborg, 
Sweden, 370 km, 
transoceanic 
freight ship/OCE 
S/OCE S 3 

Kungsängen, 
Sweden, 455 
km, Lorry >32t, 
EURO4/RER S  

  

External solvents Strängnäs, 
Sweden 

Kungsängen, 
Sweden, 82 km, 
Lorry >32t, 
EURO4/RER S  

   

                                                 
1
No detailed data of ethanol origin is obtained, thus it is assumed that the ethanol passes through the Brazilian 

harbor, city Port of Santos, which is one of the busiest ports in Latin America. 
2
 No exact train distances could be found, thus the road distance is rounded to the closest hundred. 

3
 No exact distance between the North Sea oil rigs and Göteborg could be obtained, thus the half distance 

between Aberdeen and Göteborg is used. 



74 

 

12.2 Egg yolk allocation factor scenario 
The tables below present the in and outputs that correspond to the higher allocation factor 

used in section 7.5. 

Table 32. Material and energy inputs per functional unit to the egg yolk powder production with 25% allocation 

factor. 

Inputs Data Unit 

Electricity, high voltage 4.22 GJ 

Fuel oil 570 kg 

Sodium hydroxide (NaOH) 43.7 kg 

Sulfuric acid (H2SO4) 18.4 kg 

Egg  18 249 kg 

Water 68.1 m3  

Table 33. Origin of egg yolk powder inputs with 25% allocation factor. 

Inputs Origen 
Transport 
I (tkm) 

Transport 
II (tkm) 

Transport 
III (tkm) 

Egg Perstorp, Sweden 5 894   
Sodium hydroxide  Ibbenbühren, Germany 15 37 9 
Sulfuric acid  Helsingborg, Sweden 13 4  
Fuel oil North Sea 211 108  

Table 34. Outputs per functional unit from the egg yolk powder production life cycle with 25% allocation factor. 

Output Mass Unit 

Waste water 73.6 m3 
BOD7 166 kg 
COD 270 kg 
P-tot 1.02 kg 
N-tot 7.95 kg 
Nitrous oxide 711 g  
Carbon dioxide 1784  kg 
Egg yolk powder 1920 kg 
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