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Abstract 

Volvo Construction Equipment is investigating the potential of hybrid wheel loaders. To 

determine if this new hybrid wheel loader concept is preferable from an environmental 

point of view to the latest G- series Volvo wheel loader, a comparative life cycle assessment 

(LCA) has been performed  on the Volvo L150G wheel loader and a hybrid wheel loader 

concept.  

The complete machines have been studied throughout their life cycle: raw material 

extraction, material processing, manufacturing processes, transportation, use phase, and 

end of life. In order to quantitatively assess the environmental impact of all lifecycle stages, 

five different environmental indicators have been used: global warming potential, abiotic 

resource depletion potential, acidification potential, eutrophication potential and ozone 

depletion potential. In addition, a sensitivity analysis and two weighting methods are used to 

interpret the results. 

The results show that a hybrid wheel loader concept reduces environmental impacts 

significantly compared to a conventional L150G, except the impact category ADP (element). 

Moreover, the use phase has by far the greatest impact within the life cycle, for most impact 

categories (90% of the total life cycle impact). A sensitivity analysis on use phase with 

impacts also showed the limitations for use in China. 

Key words: LCA, wheel loader, hybrid technology, lithium-ion battery 
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Sammanfattning 

Volvo Construction Equipment undersöker potentialen av hybrid hjullastare. För att avgöra 

om ett hybrid hjullastare koncept har fördelar ur miljösynpunkt jämfört med en G-serien 

Volvo hjullastare har en jämförande livscykelanalys (LCA) utförts på Volvo L150G hjullastare 

och ett hybrid hjullastarkoncept. 

De kompletta maskinerna har studerats under hela deras livscykel: utvinning av råmaterial, 

materialbearbetning, tillverkningsprocesser, transport, användningsfas och slutet av 

skrotningsfasen. För att kvantitativt kunna bedöma miljökonsekvenserna av alla 

livscykelnskeden har fem olika miljöindikatorer använts: global uppvärmningspotential, 

abiotiska resursutarmningspotential, försurningspotential, övergödningspotential och 

ozonnedbrytingspotential. En känslighetsanalys och två viktningsmetoder har tillämpats för 

att tolka resultaten. 

Resultaten visar att ett hybrid hjullastarkoncept minskar miljöpåverkan avsevärt jämfört 

med en konventionell L150G, förutom påverkan från kategorin resursutarmningspotential. 

Dessutom har användningsprocessen i särklass störst påverkan inom livscykeln för de flesta 

effekt kategorier (90% av den totala livscykelpåverkan). En känslighetsanalys på 

användningsprocessen och dess effekter visade också på begränsningar för användning i 

Kina. 

Nyckelord: LCA, hjullastare, hybridteknik, litiumjonbatteri   
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1. Introduction  

The world is facing huge environmental challenges some of these can be generally listed as 

climate change, toxic emissions and natural resources depletion (UNEP, 1972). The 

utilization of fossil fuels in general and its use as diesel and petrol in transport systems is one 

of major contributor to global warming apart from power generation and industrial usage 

(Marland, Boden, & Andres, 2008). 

Fossil fuels are also a natural resource that is nonrenewable and on a continuous path of 

depletion. Almost all industries in the world and all economies in the world rely to a great 

extent on this resource. On top of this there is another pressing issue that is very significant 

the peak oil period. Sooner or later a time will arrive that the maximum level of production 

of fossil fuels and oil in particular will be exhausted beyond which this nonrenewable 

resource’s production will start to decrease bringing in other challenges resulting from this 

change (PeakOil, 2012). Economies and Industries that have to remain competitive have no 

alternative but to shift their focus on technologies that are independent of fossil fuels as well 

as robust enough to sustain themselves in a competitive consumer market. According to a 

study by conducted by a firm McKinsey (McKinsey, 2009), “of the world’s 100 largest 

economic entities, 63 are corporations, not countries”. Large industrial companies thus hold 

the key to this by striving to research on technologies that can exhibit these characteristics. 

The economies and governments can act as facilitators and regulators in this respect. The 

real work has to be carried out by companies that envision that sustainability is the key to 

their and the world’s survival in the coming future. This is clearly visible form the list of the 

companies listed on the Dow Jones World Sustainability (Dow Jones, 2012). 

Economies and corporations in the world realize this and have already started investing in 

key initiatives that include investing in renewable power technologies, such as wind power, 

solar power, tidal power, bio fuels such as ethanol and bio diesel and bio gas obtained from 

plants such as sugar cane, soya, anaerobic digestion of bio degradable wastes and much 

more. The global transport and equipment manufacturers have also started to invest 

significantly in this area. Not only have they started to decrease consumption of fossil fuels 

in their manufacturing plants but also started to roll out new vehicle technology for this 

cause.  They started from energy and fuel efficient engines and these days a lot of research 

and rollouts of commercially and environmentally sustainable hybrid models of vehicles has 

taken place GMC, Honda, Toyota, BMW, Scania and Volvo, Mercedes,  are some leading 

promoters of these hybrid vehicle technologies (Global Hybrid Cooperation, 2012). 

These vehicles use a mixture of electricity and fossil fuels and in some cases bio fuels are 

being used. This is being done to begin a phase out of reliance on petrol and diesel during 

the use of both commercial and heavy carriage vehicles.   
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 Volvo Group being a global leader in the transport industry has also taken up this challenge 

and is striving to achieve the target to continuously invest in technology that promotes its 

vision of participating in a number of projects for the advancement of future transports with 

efficient carbon dioxide neutral transports (Volvo Group, VOLVO GROUP GLOBAL, 2012). 

Volvo has gained a leading position in the industry to name a few hybrid trucks and busses 

are both commercially launched and being sold throughout the world. Volvo Construction 

Equipment (VCE) being part of Volvo Group has also accepted this challenge and is 

investigating hybrid technology to compliment the vision of Volvo Group.  

One of the four the corner stone of Volvo group’s social responsibility is to have a 

responsibility to develop products that help their customers and other stakeholders to 

minimize their environmental footprint (Volvo Group, The Volvo Group CSR and 

Sustainability Report 2011, 2011). Thus, to introduce a new technology that has the 

potential to be environmentally and commercially viable, there must be a thorough research 

on its environmental profile. This enables designers and future managers to improve 

continuously and have mitigation action plans if a certain perimeter might have some 

adverse outfall. In Volvo Group, each new product should have less environmental impact 

than the product it replaces. They use Life Cycle Assessment (LCA) to map a product’s 

environmental impact in order to take decisions in the development process. Various 

findings from analyses carried out by Volvo Group indicate that between eighty to ninety per 

cent (80 to 90 %) of environmental Impacts are consequences from the use phase of the 

diesel powered vehicles. Thus Volvo Group’s main focus is on reducing the environmental 

impact of products in use phase (Volvo Group, The Volvo Group CSR and Sustainability 

Report 2011, 2011). 

It is worthy to mention here that Volvo Group has used LCA as the environmental tool to 

evaluate the environmental impacts of Volvo trucks, buses and other intermediate products 

like powertrain of the truck. However in case of construction equipments very few of these 

studies have been carried out at VCE.  
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2. Aim, Goal and Objectives 

2.1. Aim 

This study is being conducted to examine the current technology advancement at Volvo 

Construction Equipment (VCE), for wheel loaders in general and hybrid technology in 

particular.  This project will give the readers an environmental perspective on environmental 

performance of both conventional and hybrid technologies during the complete life of the 

wheel loaders and will give useful information to VCE with overall sustainability goals, i.e. to 

contribute to the reduction of CO2 emissions and strive to achieve technology that 

continuously reduces the reliance on fossil fuels, and has an eco-appeal for the potential 

customers in the future.  

2.2. Goal 

The goal of the study is to provide information for Volvo Construction Equipment to facilitate 

environmental impacts comparison between the conventional wheel loader and a hybrid 

concept, by identifying which materials and processes within the wheel loaders’ life cycle are 

likely to pose the greatest impacts or potential risk to the environment, including global 

warming potential (GWP), abiotic resource depletion(ADP), acidification potential (AP), 

eutrophication potential (EP), ozone layer depletion potential (ODP). 

In order to satisfy this goal of study, a comparison of the environmental profile of the two 

wheel loaders i.e. conventional wheel loader L150G that is currently in the market and a new 

hybrid concept  

Thus this study includes analyzing the potential environmental impacts in the complete life 

cycles of both wheel loaders. This will include identifying hot spots in both the technologies 

for materials, processes, phases, substitution with different energy choices, interpretation of 

the results, conclusions and future studies.   

2.3. Objectives  

To elaborate this goal the objectives of the study have been setup as: 

 To conduct a comparative screening Life Cycle Assessment (LCA) on both wheel 

loaders, i.e. the conventional wheel loader L150G and a plug-in hybrid concept. 

 To conduct a life cycle inventory analysis (LCI) from internal and external data 

sources and implement a life cycle impact assessment (LCIA) by modeling and 

analyzing them in GaBi5 Sustainability software. 

 To present a comparative environmental analysis for both wheel loaders by 

portraying the potential current and future impacts related to materials, processes, 

energy flows and wastes that have environmental significance throughout the life 

cycle of the wheel loaders.  
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2.4. Reference Models and Methods 

The main reference models and methods to carry out this study are:  

 The ISO 14044:2006 standard for Life Cycle Assessment Analysis methodology as a 

reference guide to conduct Life Cycle Assessment for both wheel loaders. 

 The International Reference Life Cycle Data System (ILCD) Handbook (European 

Commission J.-I. , 2010) as the basis for assuring quality and consistency of life cycle 

data, methods and assessments. 

 GaBi5 software as an LCA modeling and Analysis tool for the life cycle inventory 

analysis (LCI) and life cycle impacts assessment (LCIA) calculation for both wheel 

loaders that includes various commercially available environmental databases 

integrated. 

 To use specific and general reference material through online data sources, books 

like (Baumann & Tillman, 2004), Volvo internal reports and personal communication 

with concerned personnel.  

2.5. Report Outline 

The comparitive LCA is an integrated part of this report thus this study has been divided in to 

7 chapters as explained below 

Chapter 1 Introduction: It introduces the need for cleaner teachnology in transport systems. 

Volvo’s commitment to environment framework and  global awareness on pollution   

Chapter 2 Aim, Goal and Objectives: It includes the Goal, Aim and Objectives of the study. It 

also mentions the reference methods and models that are used to conduct the study.  

Chapter 3 Background and Literature Study: This chapter gives a background on Volvo 

Group, VCE and construction equipment . It describes different hybrid technologies and 

disscuses the results of LCAs conducted on these technologies.      

Chapter 4 Methadology: This chapter illustrates the vatious steps used to conduct an LCA 

according to the ISO14044:2006 standard. It also briefly descrices each one of them.   

Chapter  5 Compatitive LCA Wheel Loaders: This chaper describes the complete life cycle 

analysis conducted on both wheel loaders. This includes LCI, LCIA with Weighting. All 

datasources, assumptions and limitations have been outlined in this chapter.   

Chapter6  Sensitivity Analysis: this chapter discusses the results of the sensitivity analysis 

conducted on the use phase of of the hybrid wheel loader concept with respect to Sweden 

and China.  
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Chapter 7 Interpretation: This chapter discusses the interpretation of results on the 

complete comparative study. This inlcudes dicsssions on LCI, LCIA and sensitivity analysis, 

conclusions and future studies.  
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3. Background and Literature study 

3.1. General Description of Volvo Group and Volvo CE 

The Volvo Group is one of the world’s leading manufacturers of trucks, buses, construction 

equipment, drive systems for marine and industrial applications and aerospace components. 

The Group has about 100,000 employees, production facilities in 20 countries and sales in 

more than 190 markets. Its corporate values are safety, quality and environmental care 

(Volvo Group, VOLVO GROUP GLOBAL, 2012). 

Volvo Construction Equipment (VCE) is one of the market leaders that develops and markets 

equipment for construction and related industries. Its products and services are offered in 

more than 125 countries through proprietary or independent dealerships. The product range 

includes excavators, haulers, wheel loaders, pipe layers, demolition equipment, waste 

handlers, motor graders, pavers, compactors, milling equipment, tack distributors, road 

wideners, and a range of compact equipment (Volvo Construction Equipment, About Volvo 

Construction Equipment, 2012). 

Volvo has become a trusted global leader for wheel loader since 1954. Wheel loader is 

applied in material and waste handling, civil construction, recycling, lumber yards, log 

handling, quarrying and agriculture. Volvo G-series wheel loaders are Volvo’s latest model in 

the market, and the conventional wheel loader is studied in this thesis is Volvo L150G wheel 

loader. The comparative hybrid wheel loader concept is designed for the same function as 

the L150G. 

3.2. Construction Equipment 

Construction equipment is classified as earth moving machinery, specially designed for 

executing construction tasks, most of them are involving earthwork operations. One 

construction machinery usually comprises five equipment systems: implement, traction, 

structure, powertrain, control and information (Tatum, Vorster, & Klingler, 2006).  

CAT, Deere, JCB, Hitachi, Komatsu, Volvo are world’s most notable manufacturers of 

construction equipment. Construction equipment is classified in different types, this 

includes: tractor, hauler, excavator, loader, compactor, backhoe and others. Most of the 

construction equipment use hydraulic drives as their primary source of motion. Engineers 

and machinery designers are most interested in the machinery profile of the construction 

equipment, such as the load conditions, transmission, electronic control, noises analysis, 

blind spot, and fuel consumption.  

One of the most interesting part for the owner of construction equipment is the operating 

cost, which includes fuel and lubricants, repairs, and tires. It also attracts the attention of 

sustainability analysts, because of the environmental impacts of a heavy machines from 

different ratios of fuel consumption, lubricants replacement, and maintenance.   
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There has been a very limited research carried out about the life cycle assessment of 

construction equipment in general and front wheel loaders, however, there are some end-

of-life studies that can be of importance to this study. For example, Zhou conducted a study 

on the reuse parts evaluation model for end-of-life wheel loaders (Zhou, Huang, Zhu, & Deng, 

2012). Their model can easily manage such information as recycling, inspection, repair 

during recycling process, through which the users can conveniently track and evaluate part 

flow and calculate its reusability to a certain degree. This model may be also used for LCA 

study to track back the environmental performance of the reused part and a strategy 

environmental improvement can be suggested.   

3.3. Hybrid Technology and Heavy Vehicles 

The primary focus of this research is the LCA of front wheel loaders, hybrid vehicles and 

lithium batteries.  

The lithium ion battery has the largest energy density compared to other traditional 

rechargeable batteries, so lithium ion battery is the best energy storage system for vehicles 

and heavy machines, but due to its high price, it is not so commonly applied (Majeau-Bettez, 

Hawkins, & Strømman, 2011). The hybrid device in vehicles or machines can help improve 

fuel efficiency.  

The electric motor works both as a motor and a generator when the vehicle is braking, the 

braking energy is used to charge the battery. Hybrid vehicle is best suited for traffic with 

many stops and starts in the city, such as hybrid bus and hybrid trucks. Not only energy from 

braking process, but also the hydraulic energy can be recovered. For example, a hybrid 

wheel loader can capture electrical or hydraulic energy during the forward and reverse 

motion repeated through continuous loading and dumping work (RirchieWiki, 2011). 

The hybrid heavy equipment has been set up for a greener and more eco-friendly 

performance since 2007. However, the hybrid heavy machinery is still in its infancy, and the 

test market for new hybrid heavy equipment models is quite limited. In June 2008 Komatsu 

became the first Japanese manufacturer to develop a diesel-electric hybrid excavator. The 

PC200-8 excavator reduced the fuel consumption by as much as 25% (RirchieWiki, 2011). 

Following Komatsu’s lead, Hitachi, Sumitomo Heavy Industries, New Holland Construction 

cooperated with Kobelco Construction Machinery have also revealed their own hybrid 

excavators. In 2008, Volvo Construction Equipment officially unveiled the L220F hybrid 

wheel loader in the ConExpo-CON/AGG exhibition in US. The Volvo L220F is powered by a 

parallel hybrid system that uses Volvo’s D12 diesel engine in combination with a hybrid 

system named “Integrated Starter Generator (ISG)”. The ISG is attached to the battery, 

which is fitted between the engine and the transmission. If needed, the electric motor gives 

the diesel engine a boost, enabling a faster take-off at lower revs. The diesel engine can be 

shut off when waiting for the next load carrier, during short breaks, etc. The batteries are 
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charged by the electric motor/generator during normal operation without suppressing 

productivity. The integrated starter generator can also overcome a diesel engine's traditional 

problem of low torque at low engine speeds by automatically offering a massive electric 

torque (Volvo Construction Equipment, Hybrid team powers its way to Volvo Technology 

Award, 2009). 

In a presentation to Volvo, the electrification of vehicles from low to high is clarified into 

different levels: micro-hybrid, mild hybrid, strong hybrid, parallel plug-in hybrid, series plug-

in hybrid and full electricity (Anderman, 2012). The higher electrification of the vehicle is, the 

high fuel efficiency and the less direct emissions are. The battery is a critical part for the 

electric vehicles, because it is the energy storage and energy conversion section of the 

vehicle. Battery designers concern much about the lifetime of the battery, different charging 

scenarios of the battery, and the recovery rates of battery  materials. The lifetime for vehicle 

battery is important because the battery is very expensive compared the rest of the parts in 

a vehicle.  

The lifetime of lithium ion battery for personal vehicle is usually 10 years (Amarakoon, 

Smith, & Segal, 2012),  which is the design lifetime for an electric vehicle. However, the 

trucks and heavy equipment have longer working hours than the vehicles, so battery may be 

changed during their life spans. 

3.4. Plug-in hybrid Vehicle Technology 

Hybrid technology is designed for vehicle to reducing fuel consumption and CO2 emission, 

which has been widely applied to commercial vehicles, trucks, buses and heavy machines.  

The power source of hybrid vehicles is a combination of internal combustion engine and 

electric motor. Hybrid equipment utilizes the electric motor and energy storage system to 

maximize the fuel efficiency by constantly discharging or recharging the battery  

The hybrids can be classified according to the level of electrification of the powertrain 

(Center for Automotive Research, 2011): 

 Micro hybrids and mild hybrids use the electric motor as an addition to the engine. 

 Full hybrids can use the electric motor and the engine together or independently. 

 Plug-in hybrids use the engine as a back-up to the motor and battery system. 

Fueling transportation using the electricity from the electric grid allows the transportation 

energy sector to access the lower-cost, cleaner, and higher renewable fraction energy that is 

present on the electric grid (EIA, 2006). 

Plug-in hybrid electric vehicles (PHEVs) are a type of hybrid electric vehicle where some 

portion of the energy for propulsion of the vehicle comes from the electric grid. PHEVs are 

similar to the hybrid electric vehicles (HEVs), but they have a larger battery that is charged 
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both by the engine and from the plugging into the electrical outlet, with benefits in terms of 

increased transportation energy efficiency, reduced carbon emissions, reduced criteria 

emissions, reduced fueling cost, improved consumer acceptance and improved 

transportation energy sector sustainability (Thomas H. & Andrew H., 2009). 

Several configurations are possible for PHEV drive trains. As figure 3-1 below, shows the 

series PHEV and the parallel PHEV (blended PHEV). The series PHEV has it engine, battery, 

and electric motor in series. The engine only charges the battery, and all propulsion comes 

from the electric motor. Thus it uses energy density battery and larger motor than the 

parallel PHEV but a longer all-electric range (AER). The parallel PHEV can drive either by the 

electric motor powered by the battery or by the engine; while the battery is discharged to its 

minimum limit level, the engine starts and the vehicle runs in a charge-sustaining mode, like 

the hybrid electric vehicle (Committee on Assessment of Resource Needs for Fuel Cell and 

Hydrogen Technologies, 2010) 

 

Figure 3-1 Plug-in hybrid electric vehicle concepts. source: Toyota 
 

Although Li-ion batteries have been readily used in portable electronics and recently used in 

vehicle industry, its application in heavy construction machinery is rare. Considered that the 

application of electric vehicles and electric driven machinery are an emerging technology, 

this study is timely for Volvo and will help Volvo Construction Equipment identify the 

environmental impacts reduction of a hybrid wheel loader concept compared to the 

conventional ones before the market is more mature.  
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3.5. Lithium-Ion Batteries 

Li-ion battery technology was first introduced in 1912 and the first non-rechargeable battery 

was commercialized in 1970 (Whittingham, 1976). Sony was the first company to launch the 

rechargeable Li-ion battery in 1991 and since then the technology has been further 

developed. 

The electrochemical potential of a Li-ion cell is in the range of 2-4 V depending on cathode 

and anode material compositions. In the case of LFP the nominal cell voltage is around 3.4 V. 

The battery operates at a very flat voltage yielding a capacity from                

depending on the C-rate, the latter being the theoretical capacity. (Yuan, Liu et al. 2012) 

Lithium iron phosphate (LiFePO4) (LFP) battery is commonly used in hybrid vehicles. The 

anode is made of LiC6 Graphite, cathode is made of LiFePO4, and electrolyte is composed of 

LiPF6 (salt dissolved in DEC/DMC/EC). The anode collector is made of copper, cathode 

collector is made of aluminum, and taps, terminal, container are made of aluminum. 

Regarding the lithium-ion batteries, Zackrisson conducted an LCA study of lithium-ion 

batteries for plug-in hybrid electric vehicles. His study showed that it is environmentally 

preferable to use water as a solvent instead of N-methyl-2-pyrrolidone, NMP, in the slurry 

for casting the cathode and anode of lithium-ion batteries. With improvement of battery 

technology, the environmental impacts of production phase had deceased to the level of use 

phase impact. The internal battery efficiency is a very important parameter to the 

environmental impacts of the use phse (Zackrisson & Avellan, 2010). 

Majeau-Bettez (2011) conducted a cradle-through-use analysis on three kinds of batteries 

for plug-in hybrid and electric vehicles. In his research, the nickel metal hydride (NiMH), 

nickel cobalt manganese lithium-ion (NCM), and lithium iron phosphate (LFP) batteries were 

analyzed. The result showed that the NiMH battery has the highest environmental impacts, 

followed by NCM, and LFP battery has the least environmental imapcts according to 

different kinds of impact categories except ozone depletion potential (see figure 3-2) on per-

storage basis (Majeau-Bettez, Hawkins, & Strømman, 2011). 

The United States Environmetnal Protection Agency (EPA) (2012) conducted an LCA on 

lithium batteries and nanotechnology for electric vehicles. In EPA’s research, the LiMnO2, Li-

NCM and LiFePO4 batteries for pure Electric Vehicle (EV), and LiMnO2, LiFePO4 batteries for 

Plug-in Hybrid Electric Vehicle (PHEV-40) were studied. They found that the cobalt 

manganese lithium-ion (Li- NCM) relies on metals like cobalt and nickel, which has significant  

non-cancer and cancer toxicity impact potential (Amarakoon, Smith, & Segal, 2012). The Li-

NCM cathode active material requires 1,4 to 1,5 times as much energy as the other two 

active materials. (Amarakoon, Smith, & Segal, 2012).  

In the impact category Global Warming Potential (GWP), the EV batteries have lower impact 

than PHEV-40 batteries, its benefit only appears when the electricity grids relies less on coal 

production and more on natural gas and renewables energies. (Amarakoon, Smith, & Segal, 

2012) 
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Figure 3-2 Life cycle environmental impacts of storing 50 MJ of electrical energy in NiMH, NCM, and 
LFP traction batteries and delivering it to a PHEV or BEV powertrain. (Majeau-Bettez, Hawkins, & 
Strømman, 2011) 
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4. Methodology 

4.1. General description of LCA 

Life cycle assessment (LCA) is an environmental tool that is used to evaluate the potential 

environmental impacts of a product, process or activity. An LCA is a comprehensive method 

for assessing environmental impacts across the whole life cycle of a product system, from 

material acquisition to manufacturing, use, maintenance, and final disposition. From the ISO 

14040 series, an LCA study contains four major phases:  (1) goal and scope definition, (2) life 

cycle inventory analysis (LCI), (3) life cycle impact assessment (LCIA), and (4) interpretation 

of results (ISO, 2006). The structure of the methodological framework is shown in figure 4-1. 

 
Figure 4-1 LCA Framework (ISO14040, 2006) 

 

  



13 
 

A general figure depicting different stages of a product that are studied for inputs and 

outputs is given in figure 4-2 below:  

 

 

Figure 4-2 LCA Processes 
 

4.2. Goal and Scope definition 

To start an LCA study the intended goal of the study is the nucleus. All activities to be carried 

out revolve around the goal and the corresponding work taking place in the study should aim 

at achieving that goal. As stated in ISO 1044:2006, goal definition of the study will 

unambiguously state the intended application and reasons for carrying out the study, and 

the intended audience.  This exercise has already been carried out in chapter 1 of this report.  

The scope includes a description of the limitations of the study, the functions of the systems 

investigated, the functional unit, the system boundaries, the allocation procedures, the data 

requirement and data quality requirements, the key assumptions, the impact assessment 

method, the interpretations method and the type of reporting. This study will follow the 

standard described by ISO 14044:2006 as directed by Volvo, as it uses the same standard to 

conduct Life Cycle Assessments throughout the Volvo Group for such type of studies.  

Product Life Cycle (PLC) 

Life Cycle Inventory (LCI): 
Total Materials flows, Total Energy flows; Total Emissions to Air, Water, Land, etc  

Normalization of  Results 

Life Cycle Impact Assessment (LCIA) 

Global warming 

Material resources, Energy flows, Emissions, etc. 

Final Results, Interpretation and Communication 

Acidification  Eutrophication  Ozone depletion Abiotic Resource Depletion 

Raw material 
acquixition and 
Energy generation 

Product 
manufacturing 

Use phase including 
maintenance 

End of  life 

Etc. 
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4.3. Types of Life Cycle Assessment 

4.3.1. Screening LCA  

 A full LCA can be time consuming and resource extensive. Instead of starting with a full LCA, 

an alternative approach can be to perform a screening LCA with the aim of identifying the 

most important aspects of the studied system. If wanted, more detailed studies can then be 

directed to these important aspects (Lindfors, et al., 1995). 

A screening LCA is usually performed using easily accessible data. Since the aim is to identify 
the most important processes, data quality is of less importance than in a full LCA. It is 
important however to include all processes and materials that can be of major importance. If 
however some processes or materials are known to be of minor importance, they can be 
excluded.  

4.3.2. Accounting LCA 

The accounting type of LCA discusses the present scenarios of a product or a product system 

may exhibit.  It will deal with answers to critical questions like, the environmental impacts 

that can be associated with a certain product system or the environmental impact the 

product system is directly or indirectly responsible for. This means that an accounting model 

will always try to find causes to a certain environmental impact after the complete activity 

has been completed thus it measures or answers in retrospective approach. An accounting 

LCA can also be prospective however how these scenarios are practically put in place and 

debated upon depends on the assumptions. Thus in such type of LCA it must be clearly 

defined in what time frame the product system’s material processing,  production, use and 

end of life are to be studied. Time is a very important factor in such type of LCA study. The 

assumptions should be made and the model adjusted in accordance with present and future 

time scenarios (Baumann & Tillman, 2004). 

4.4. Product System 

The complete product system for a life cycle assessment includes information about the 

product under study. It will detail the collection of all unit processes with elementary and 

product flows performing one or more defined functions that models the complete life cycle 

of the product under consideration (ISO 14044, 2006). The major phases of product system 

will be raw materials acquisition processes, manufacturing processes, transportation, use 

stage and the end of life.  

4.5. Functional Unit 

 In order to measure the environmental performance of the product, the functional unit is 

defined before conducting the LCA study. (ISO 14044, 2006) defines it as quantified 

performance of a product system for use as a reference unit.  
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4.6. System Boundaries 

According (ISO 14044, 2006) standard for LCA, the system boundary determines which unit 

processes will be included within the LCA. In simple terms a system boundary will illustrate 

the start and end of a product system. The criteria used in establishing the system boundary 

of a product system should be well explained and should answer the doubts in the minds of 

the readers about the, time, the space, unit processes, flows and allocations if any.  The 

general principal of defining a system boundary is decided during the goal and scope 

definition of the product system undergoing the Life cycle Assessment. Accordingly 

necessary allocations should be made however until the final study on inventory has been 

completed these boundaries can be a bit flexible to accommodate any limitations that the 

study might face (Baumann & Tillman, 2004).  

In a LCA study system boundaries can have several dimensions. They can be relative to 

location, time, within in the technical systems under study or the natural systems that the 

technical system interacts with (Baumann & Tillman, 2004).  

4.7. Life Cycle Inventory Analysis (LCI) 

The basic aim of making a life cycle inventory is to ascertain the flows as inputs and outputs 

from the technical system under consideration. The resulting model is an incomplete mass 

and energy balance over the system (Baumann & Tillman, 2004). Usually this model is 

represented as a flow chart. The LCI model is linear and static i.e. to exclude time as a 

variable.  

The major activities considered in the LCI will consist of: 

 A basic flow chart of the technical system according to the system boundaries is 

defined. This flow chart will show the complete product system that is under 

consideration. Generally it will be a graphical representation of production, 

processes, raw materials, transports, use and waste or end of life.  

 Documentation of data collected from the product system under consideration that 

includes input and outflows associated with activities in the complete system 

according to the system boundaries.  This may include raw materials, energy carriers, 

products, wastes and emissions to the environment.  

 Calculation of resource use and pollutants within the complete product system 

according to the defined functional unit.   

 

4.8. Life Cycle Impact Assessment (LCIA) 

Life cycle inventory analysis (LCI) gives a way forward to calculate the environmental impacts 

caused by it. This process is referred to as Life cycle Impact assessment. In simple terms LCIA 
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is the evaluation of potential environmental, social, or economic impacts to a system as a 

result of some action. Another purpose of conducting an LCIA is to aggregate the 

information obtained from an LCI to create a suite of estimates for various impact 

categories.  

Generally, the following major elements shall be included in an LCIA: 

 Selection of impact categories, category indicators and characterization models; 

 Assignment of LCI results to the selected impact categories (classification); 

 Calculation of category indicator results (characterization). (ISO 14044, 2006) 

4.8.1. Impact Categories 

The major issues of the environment are classified in to specific impact indicators. These can 

be called as impact categories. An impact assessment is then performed, generally 

considering three areas of protection: human health, natural environment, and issues 

related to natural resource use. The LCI of the product system will have certain amount of 

emissions from each process it undergoes and the effect of these emissions has in turn 

impact on the environment. What that impact will be is termed as the impact category of 

that emission of the product system. An analysis should have a selection of impact 

categories for the product or the product system analyzed as certain type of emissions can 

have a single or several types of impacts on the environment (Lindfors, o.a., 1995). The LCIA 

methodology should start with an assessment of the overall input flows to the system life 

cycle, then the life cycle impact category indicators are calculated, which include: 

established quantitative categories, such global warming, acidification, eutrophication, 

ozone depletion; and relative category indicators  for human health and aquatic ecotoxicity 

(ISO 14044, 2006). 

The list of impact categories  

• Abiotic resource depletion 

• Global warming potential 

• Acidification potential 

• Eutrophication potential 

• Ozone depletion potential 

• Photochemical oxidation potential 

• Ecological toxicity potential 

• Human toxicity potential 
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• Occupation cancer hazard 

• Occupational non-cancer hazard  

One category may have different results according to different references the calculation for 

each impact category will be discussed in Chapter 5.4. 

4.8.2. LCIA Phase 

Classification 

Classification is to sort the vast elementary flows according to the type of impact they 

contribute to. (ISO 14044, 2006) 

Characterization 

In characterization the relative contributions to each impact category are calculated in total. 

(ISO 14044, 2006) 

Weighting 

Weighting is the process of converting indicator results of different impact categories by 

using numerical factors based on value-choices. It may include aggregation of the weighted 

indicator result. (ISO 14044, 2006) 

Weighting and other steps are optional that may include grouping methods of the LCI data, 

normalizing it to a certain level.  

4.9. Interpretation of Results 

According to the ISO standard 14044:2006, it is a phase of the life cycle assessment study 

where the major findings of the earlier two stages either life cycle inventory analysis or life 

cycle impact assessment or both of them are evaluated in relation to the goal and scope of 

the project. This leads to drawing conclusions and further recommendations for the product 

system that is analyzed. They may be graphically represented showing the effects of various 

processes within the life cycle of the product system.  

This interpretation will generally detail screening of the raw material and process data sets. 

It will also help in identification of critical data and assessments that result within the life 

cycle of the product system. Such evaluations typically entail studies like sensitivity analysis 

and data quality assessments.  
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4.10. Data Management and Analysis Software 

Data management is one of the most critical parts of an LCA. During the LCI phase a lot of 

data is collected from a wide range of stake holders being directly or indirectly part of the 

product system. The major sources of data could be the suppliers, literature and a number of 

industrial environmental databases. Therefore it is necessary that data should be properly 

documented whether it is flow related data or results i.e. the source of data, its age and the 

scope of the work (Baumann & Tillman, 2004). Proper documentation would make it 

understandable to the stakeholders as well as a reference for future studies within the same 

organization if it is an internal report or outside the organization if it’s a public report.  

In modern times various software packages have been developed to assist LCA practitioners 

and making their work in relation to time and data gathering, impact assessment as it 

requires a lot of computational mathematics to analyze and aggregate the results of a 

complex LCA study. These software packages come with built in databases for various 

processes that can be adjusted within a LCA project. Some examples of these databases are 

Eco-Invent, Plastics Europe, PE aggregate etc. and some of the analysis software that use 

these databases to simplify complex LCA studies in to refined and comprehensive LCA 

studies. Some examples of Analysis Software are GaBi, Sima Pro, LCA-IT and EPS.  

It is worthy to mention here that GaBi5 as analysis software for conducting this LCA and all 

the accompanying databases merged in to this software will be used for this study on 

conventional wheel loader and hybrid concept.  
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5. Comparitive LCA on Conventional and Hybrid Wheel Loaders 

This part presents the goal and scope of the LCA study. It describes the goal of the study 

including the intended audience. It also depicts the scope of the study that includes the 

product system to be studied, functional unit and system boundaries  

5.1. Goal and Scope Definition  

The goal of to study is the comparison of the environmental profiles of the two Volvo wheel 

loaders i.e. conventional L150G that is the latest in the market and a hybrid concept as 

stated earlier in chapter 2. Thus, a comparative life cycle assessment (LCA) on these two 

product systems is conducted. In short, this will include identifying hot spots in both the 

technologies for materials, processes, phases, substitution with different energy choices, 

interpretation of the results, conclusions and future studies.   

Product System Description 

The two product systems under the scope of this study are: 

1. Conventional front wheel loader L150G produced by Volvo Construction Equipment 

(VCE).  

2. Hybrid front wheel loader concept. 

The first product system is currently being produced by VCE; the second is a hybird concept 

chosen for this study. All the phases of this product system will be studied from cradle to 

grave. Both product systems have some similarities but huge differences with in the 

powertrain; this includes energy storage, transmission, and axels.  Similarities would be a 

downscaled diesel engine, lifting hydraulics and various other components like the engine 

hood, bucket, cab, tires and the frames.  These two product systems have a similar life cycle 

stages i.e. material extraction, transportation, production, use and end of life.  

5.1.1. Function and Functional unit 

For an LCA study, product systems are evaluated on a functionally equivalent basis. The 

functional unit normalizes data based on equivalent function to provide a reference for 

relating process inputs and outputs to the inventory, and impact assessment for LCA across 

the complete product system. 

The product systems of this project are the two wheel loaders that are required to perform a 

similar and equivalent function. The function of these wheel loaders is moving a stockpiled 

material and depositing it to an awaiting dump truck, so the functional unit is based on 

weight of stockpiled materials being moved and deposited.  
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The functional unit (FU) has been set as, the conventional wheel loader troughout the 

complete life span.  The  explanation of FU calculation is given below.  

According to a report complied on a similar Volvo wheel loader L150F, the rough estimation 

for the life of the L150F is 25 000 hours of work. We assume that the working life span for 

L150G is the same as L150F.  

We assume the L150G lifts 15 times / hour, and the wheel loaders can do the same work 

load during their life span before they are scrapped. The average loading weight is 7.21 tons 

per lift (Volvo Construction Equipment, Volvo Wheel Loaders L150G, 2007). Keeping this 

data under consideration and calculating it for the total weight lifted for a normal routine of 

15 lifts in an hour, a wheel loader will load 2 703 750 tons of Stockpiled material during its 

life span. So the functional unit of wheel loaders is set as “loading and depositing earth/clay, 

sand/gravel, aggregate or rock for a total weight of 2 700 000 ton.  

                                     =2 703 750 ton Equation 5-1 

The hybrid concept target is to have the same productivity as L150G thus we take this 

reference qauntity to calculate the emissions throughout the life span.   

5.1.2. System Boundaries 

This is a cradle to grave life cycle assessment study. It is carried out with details level kept to 

a Screening LCA.  A general overview of the types of system boundaries and their adjustment 

to this product system has been outlined. The boundaries depiction has been taken from 

(Bauman and Tillman, 2004) and then adjusted to the production systems under study as:  

Geographic Boundaries: 

All values for raw materials extraction and processing before it reaches the VCE plants in 

Sweden has been taken to either European Average or the closest possible site near Sweden. 

The values for production phase have been taken from Volvo Construction Equipment plant 

and assembly sites for all major components. Similarly the use phase and end of life has 

been modeled for its emissions within the Swedish geographical boundaries. The production 

data for lithium ion battery cells is outside Europe. Further information about different 

values and emissions streams present outside the Swedish boundaries are explained at each 

stage of the different phases. The environmental impacts from the emissions from the total 

life cycle of both wheel loader technologies calculated as global.  
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Natural System Boundaries 

The abiotic resource use and emissions from raw production have been traced from virgin 

ores extration, their conversion in to elementary flows till the point where they are given 

back to the natural system.  All materials coming from nature has been accommodated 

based on the material data sheets and compositions. Combinations of virgin and secondary 

metals have been used for some metals like copper and lead whereever is needed. Fossil 

fuels have also been taken right from extraction, refining to use and recovery after use as 

and where required.  This report also includes production of plastics from fossil fuel 

residues. Thus all emissions have been included from the material extraction till their end of 

life. Double counting has been avioded by implementing system expansion i.e. to give credit 

for exactly the same amount of materials that are coming in to the system by having a 

recycling step in the process.  The actual amount of materials being recycled have been 

assumed further details are explained in section 5.2.4 and 5.3.4 of this chapter.  

Temporal System boundaries 

The time horizon has been taken in terms of work hours for future use to make both wheel 

loaders comparable. It is estimated that both wheel loaders will have a work life span of 25 

000 hours. All data for use phase has been adjusted to this work life. This includes preventive 

maintenance and fuel consumed. The total emissions calculated will approximately 

represent time period between 2020 to 2030.  

Process System Boundaries 

The process system boundaries of the wheel loaders to be studied are schematically shown 

below in Figure 5.1 

 
Figure 5-1 The life cycle phases of the wheel loader system 
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5.1.3. System Boundaries in Relation to LCA Stages 

 Raw Materials Acquisition Phase 

Extraction and conversion of all materials is included that are used to produce the total front 

wheel loader. This includes all the materials included in all major components with the data 

extracted from bill of materials (BOM) for both wheel loaders. All types of paints are 

excluded from the scope of study.  

 Production Phase:  

All relevant data from VCE production plants from Eskilstuna, Skövde and Hallsberg have 

been included to its final assembly at Arvika, as for the hybrid concept the same data is going 

to be used as equal to L150G production and assembly except for the batteries and electric 

motors.  

All types of infrastructure for production plants and equipments are excluded from this 

study. External production data of components outside Sweden has been assumed the same 

as amount as VCE  production data. This has been done due to lack of time for extracting the 

right data from suppliers and subs suppliers of components. A similar case has been adopted 

for the transportation.  

 Use Phase: 

Both wheel loaders will have 25,000 hours of work life, based on this criteria the total 

amount of diesel consumed by 150G will be calculated and for the hybrid concept a mixture 

of diesel and electric power will be used representing Sweden electricity mix 2020. The use 

phase will also include preventive maintenance for different oil changes, filter changes and 

other spare parts changes.  The change of other parts and paint carried out on the wheel 

loader has not been included as part of this study throughout its use phase. The electricty 

infrastructure for battery charging is out of the scope of this study.  

 End of Life Phase:  

End of life relates to scraping of the complete wheel loader after it has been used. All 

materials that include metals, plastics rubbers and others have been included in this phase. 

This will include recycling, landfill and waste incineration when the machine is dismantled or 

scrapped.  

5.1.4. Allocation Procedure 

The wheel loaders as a machine were divided in to major components, weights were 

allocated to each component and their subcomponents. Material composition for each 
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componet was allocated by weight. LCI data for materials in all phases has been allocated by 

GaBi5 as predifined processes within GaBi5. 

In case of the production for components, allocation has been made in the following manner 

Skövde plant data is allocated by engine equivalents, Eskilstuna plant data is allocated by 

axels and  transmission equivalent, Hallsberg plant data is allocated by per product produced 

not considering the mass or price of the product and Arvika plant data  is allocated per 

machines assesbled.  

Data gathered for this study ranges from 2006 to 2012 for all phases of this comparitive life 

cycle assessment. All data sets contained within GaBi5, that includes Ecoinvent, 

WorldSteel,Eurofer,ELCD, PlasticsEurope, and PE, are considered updated and reliable. 

Further guidenance and approval of each dataset chosen, was checked and verified by the 

following guidelines by supervisor at VGTT as the best avaliable match for this study. A 

detailed description and exact datasource can be seen in appendix A.   

Detailed assumptions and limitations of each component, process and phase will be further 

described in the LCI stage of this study. Two product systems are involved in this study so 

assumptions vary in each step of the life cycle based on the type of components and the 

method by which that data was gathered for a specific component.  
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5.2. Life Cycle Inventory of conventional wheel loader 

The life cycle inventory (LCI) of the conventional wheel loader L150G consists of inputs and 

outputs of inventories and emissions for processes throughout the life cycle of the product. 

This section presents the detailed description of the LCI data methodology, data sources, 

uncertainties and limitations for every life cycle stage of the conventional wheel loader. 

Figure 5-2 shows the detailed processes of the conventional wheel loader. 

 

 
Figure 5-2 Generic Process Flow Diagram for the Life Cycle of conventional wheel loader 
 

Life Cycle Inventory of Inputs and Outputs is listed in Chapter 9 Appendix B table 9-9. 

5.2.1. Material processes 

The materials acquisition and processing stage, which is described in figure 5-2.  The LCI data 

was obtained from Volvo Group (Volvo Group Truck Technology, Volvo Construction 

Equipment) for the types and quantities of materials. The primary data for materials i.e. the 

material data for types of materials in various components and their weight were calculated. 

The flows data on these materials from extraction to end of life has been obtained from the 

LCA project analysis software GaBi5 that has commercial databases like Ecoinvent, ELCD, 
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plastics Europe and others integrated in to GaBi5. All the major components and their 

material characteristics will be discussed accordingly.  

 

Bill of Materials:  

The conventional wheel loader is a large machine. In order to make it simple for readers 

to understand, major components were classified in to their corresponding weights. A 

basic weight breakdown of the major components and their weights is given in the table 

below.  

 

Table 5-1 L150G Components and weights  
Major Components Weight [kg] 

Engine with Accessories 1275 

Engine Hood 250 

Front and Rear Axel 3090 

Front and Rear Frame 3820 

Lift Arm with Bracket 2500 

Bucket 2500 

Hydraulic Cylinders 1000 

Counter Weight 1450 

Transmission  830 

Cab 831 

Fuel Tank 114 

Tires  2400 

Wheels 1100 

Oils and filters 850 

Lead Batteries 120 

Others 1275 

Total weight(Approx) 23405  

 

The details of these components, their data sources, assumptions and limitations have 

been described below. 

5.2.1.1. Data sources 

Engine with Accessories 

The engine model for 150G is D13 F-C. It has a total displacement of 12.8 liters. It is 

manufactured at the Skövde manufacturing facility in Sweden. All the accessories that 

come with this engine have been taken in to account that includes hoses, fuel filters and 

other parts. The fuel tank has also been counted with the engine along with the lead acid 

battery. The summary of data sources for all these components is given below.  

 

 The materials data was provided by VGTT (Dahllöf, 2012) for this component. 

 The data for total materials has been taken in to account from cradle to gate.  



26 
 

 Data for lead acid battery and fuel tank has been provided by VGTT (Dahllöf, 

2012) and VCE (Josson, 2012) respectively.  

 Data sets from commercial databases were retrived for all materials and analyzed 

using GaBi5 software.  

 

Transmission and Axels 

The major components axels i.e. front and rear and transmission ẃith accessories are produced 

and assembled respectively at VCE Eskilstuna plant. The total weights for both the components 

were taken from recycling manuals of an L150F version of the wheel loader that we assume has 

no difference  by weight  in terms of components with L150G version of the wheel loader. The 

summary of data sources for all these components is given below.  

 

 The data for the Axels was taken from front and rear axles of the FM truck that 

was up scaled by percentage and their corresponding weights for the wheel 

loader axels. 

  The data for transmission and its related accessories were estimated by up 

scaling an I-Shift transmission used in Volvo buses produced at Köping by a similar 

methodology. 

 Data sets from commercial databases were retrieved for all materials and 

analyzed using GaBi5 software.  

 

Frames, Lift arm, Bracket and Counter Weight 

The frames in a wheel loader form the basic part of the wheel loader frame on which the 

rest of the components are fitted. Counter weight is used to balance the wheel loader 

during work. The lift arm and bracket is a support structure to the bucket when it is 

shoveling loading and unloading. All these components were taken as cast iron forged 

parts that are part of the assembly at the VCE Arvika assembly plant.  Except for the lift 

arm that was taken as cold rolled steel part. The summary of data sources for all these 

components is given below.  

 

 The data estimates for all these components weights were taken from recycling 

manuals for L150F. 

 Material composition data in these components were obtained from VCE through 

personal communication.  

 Material processing  data sets were obtained from commercial databases and 

analyzed using GaBi5 software  

 

CAB of Wheel Loader 

The Cabin or CAB is the navigation and operational center of the wheel loader. It is the 

place where the operator has to monitor and control all of the operations of the wheel 

loader. The CAB is produced with a lot of accessories and different monitoring, cables, 

PCB and LCD screen and the seat. Thus CAB is a complex mix of metals, plastics and 
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rubbers. The composition and types of complex material fusions are very difficult to 

calculate while separating different material percentages especially if it’s glass, PCB an 

LCD screen, plastics and rubbers fused together to make composite interior materials 

that look and smell nice. This also goes for the seat as well. The total CAB is 

manufactured at Hallsberg facility VCE. The summary of data sources for all these 

components is given below.  

 

 The type of materials in major components of the CAB with corresponding 

weights was obtained from the recycling manual of L150F.  

 The detailed data for the seat was obtained was up scaled from a FM truck seat 

provided by the VGTT (Dahllöf, 2012). 

 The type of Glass used was obtained from VCE (Josson, 2012). 

 Other data for plastics, rubbers, PCB, cables, LED screen and plastics was taken 

for standard production in EU from commercial databases that included 

Ecoinvent, Plastics Europe and other sources connected to the GaBi5 software.  

 

Bucket and Hydraulic Cylinders, Tires, Wheel, Lead Acid Batteries, Oil and others 

These components act as auxiliary to the main components. The Bucket is an attachment 

to the lift arm as well as the hydraulic cylinders. Both these components are made of 

steel and some cast iron respectively. The L150G version of the wheel loader should 

typically contain 4 hydraulic cylinders and a single bucket. The tires and wheel form 

another attached component with a total quantity of 4. The material for wheel is steel 

while a tire would be a combination of rubber, steel wires, filler materials, glass fibers 

and carbon. Lead Acid batteries were also added to the complete configuration. The 

summary of data sources for all these components is given below.  

 

 The bucket material data and the standard weight for one machine were taken 

from VCE because the bucket may vary according to the specifications desired by 

the customer.  

 The data for hydraulic cylinders and their weight was also provided by VCE 

(Josson, 2012).  

 The data for the tire was taken from a standard version of the FM truck tire from 

VGTT and then up scaled to the total weight of the weight of the tires obtained 

from the recycling manual of L150F. 

 Lead Acid battery material data was provided by the supplier through VGTT 

(Dahllöf, 2012).  

 The oil was taken as a total amount contained by weight within all hydraulics 

parts, transmission and engine from recycling manual of L150F. 

 Material processing  data sets were obtained from commercial databases and 

analyzed using GaBi5 software. 
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EATS  

The exhaust gas after treatment system (EATS) is a component for the engine exhaust that 

filters the emissions. It is assumed that the design is similar to the EATS developed for the EU 

directive standard for construction equipment. All the data for this system was provided by 

VGTT (Dahllöf, 2012).  

 The EATS materials are constantly refurbished, since they are precious metals, so 

for each EATS, only 33% of the weight for each materials is taken into 

consideration. 

 Original data for this system was provided by VGTT (Dahllöf, 2012) and then 

downscaled to 33% of the original data.  

 

5.2.1.2. Limitations 

 For all components material processing data from suppliers and sub suppliers has 

not been taken specifically. This includes production of components and 

subcomponents manufactured outside Volvo Group. The generic data sets from 

commercial databases have been used for those materials as per VGTT and VCE 

guidelines.   

 In CAB there might be some deviations in the data for the seat and its accessories 

as the seat was up scaled from a FM truck.  

 Data gaps might exist within the quantities of actual materials in the PCB as they 

have been assumed for a standard weight and materials percentage of a PCB 

used in a FM truck.  

 There will be deviations on the amount of actual materials used as the actual 

material data for the axels and transmission could not be retrieved from VCE 

Eskilstuna and have accordingly been upscaled from an FM truck.   

 All data from the recycling manual of L150F (Volvo Construction Equipment, 

Recycling Manual L150F, 2006) has been assumed equivalent to L150G.  

 Deviations for the data sets for tire may be there as it has been up scaled from a 

Volvo FH/FM truck. 
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A summary of the total materials is given in table 5-2 

Table 5-2 Materials inflow of Material processes L150G (Volvo Construction Equipment, 
Environmental Production Declaration: L120G - L180G, 2009) (Volvo Construction 
Equipment, Recycling Manual L150F, 2006) (Dahllöf, 2012) 

Material Weight (kg) Origin Data Source 

Steel 7698 Calculated VCE/VGTT 

Iron 11898 Calculated VCE/VGTT 

Aluminium 276 Calculated VCE/VGTT 

Lead 80 Calculated VCE/VGTT 

Brass and Bronze 36,39 Calculated VCE/VGTT 

Tires and Rubber materials 1410 Calculated VCE/VGTT 

Plastics 310 Calculated VCE/VGTT 

Glass  735 Calculated VCE/VGTT 

Copper 44 Calculated VCE/VGTT 

Other Metals 14,3 Calculated VCE/VGTT 

Cordierite 48,8 Calculated VCE/VGTT 

Oil and filters 850 Calculated VCE/VGTT 

Total  23400,49   

 

All detailed material flows corresponding to table 5-2 are given with reference flows and 

data sources in appendix A-Table 9-1  
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5.2.2. Production Phase 

The production phase of the L150G consists of all production facilities in Sweden that 

produce the major parts at Skövde, Hallsberg and Eskilstuna and the final assembly at 

Arivika. All of these production sites are located in Sweden and in full ownership of Volvo 

group. Engine, Axels, Transmission and CAB is produced at these production plants. This is 

referred to to as Volvo Internal Production.  All Components produced outside VCE facilities 

are refered to as Volvo external production.  

5.2.2.1. Data Sources  

The data from all production sites was provided by VCE (Josson, 2012) and VGTT (Dahllöf, 

2012). This includes plant sites at Eskilstuna, Skövde, Hallsberg and Arvika. Exernal 

production of components has been taken as 1 time as Volvo internal production figures.  

 The detailed flows from these sites have been provided by VGTT (Dahllöf, 2012) 

and are represented in Appendix A table 9-2. These components include the 

engine, transmission, axels and the Cab. However a summary of the flows has 

been provided in this section. 

 Transportation function from three production sites i.e.  Skövde, Hallsberg and 

Eskilstuna were measured within this production phase the distances were 

measured through Google Maps. If need be the emissions can be independently 

measured form the modeling software GaBi. A detailed account with a calculation 

sheet has been provided.  

5.2.2.2. Assumptions:  

 All liquid wastes from the plant have been taken as waste water from metal 

processing treated with waste water treatment of metal processing. 

 Hazzardous wastes have been assigned to incineration of municipal solid waste.  

 Other remaining waste from the production plant have been sent to landfill of 

municipal solid waste.  

 The GaBi flows and their data sources have been listed in Appendix A, Table 9-2 

5.2.2.3. Limitations 

 Production flows do not account for the material resources included in the 

production of the wheel loader product like metals, rubbers, plastics and other 

materials, as the material processing flows have already been counted in the 

materials processing phase.  Production data only represents the flows for 

consumables used at the plant site to produce the components of the wheel 

loader that includes energy, water and solvents.   
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 Production flows data from the sub suppliers on components to plant sites has 

not been included in the study, as a substitute VCE’s internal production figures 

have been doubled to account for this data gap.  

 All processes in the production have total figures at the plant, the allocations for 

each type of part has not been taken in to account as each production facility 

produces a number of parts with different specifications for various types of 

models. Thus average values have been taken for a component being produced at 

the particular plant.  

 Production, manufacturing and maintenance of plant equipment and facilities are 

not included.  

5.2.2.4. Transportation 

Two types of transportations have been included in this study, internal transportation and 

external transportation.  

Assumptions on Transportation 

 The mode of transportation has been taken as road transportation on the Euro 3 type 

truck with a total payload of 27 tons.  

 All distance from source to destination within Sweden have been calculated with 

Google Maps.  

 Internal transportation includes components being transported from all factories in 

Sweden to the assembly plant at Arvika, Sweden. 

 External transportation has been taken for suppliers outside and inside Sweden 

transporting components as 1 time the total internal transportation of the Volvo 

facilities 

 The table 5-3 shows the weight and the distance for each component from 

production to assembly. The same ratio is taken for transportation of external 

components as well.  

 All Emissions data from the transportation are claculated by GaBi5 function for the 

standard transport Euro 3 type truck and counted as part of the production process.  
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Table 5-3 Internal Transportation Calculation 

Limitations of Transportation 

 Since this is a screening LCA, detailed transportation from supplier to the production 

facilities of different components has not been taken into account in specific details.  

5.2.3. use phase 

In the use phase flows have been calculated on the total diesel fuel consumed by the wheel 

loader in the whole life of 25,000 work hours. The total consumption of diesel is calculated 

to an approximation of 18 liters of diesel per work hour. The estimated amount of diesel 

thus is set to be 500,000 liters (Volvo). 

5.2.3.1. Data Sources 

Preventive Maintenance  

This phase also contains the flows for preventive maintenance parts and various 

transmission oils changed during this work life including the filters. The end of life of various 

materials used in the preventive maintenance has also been included. 

Emissions Calculation:  

From Volvo’s Environmental Declaration for it wheel loaders, the emissions for L150G is 

certified through official testing according EU Directive 97/68/EC, stage IIIB. Since the Euro 6 

emission standard is becoming obligatory from January 1, 2014 (Trucks, 2012), in this study 

the emissions for the conventional wheel loader is chosen Euro 6 standard. 

The AdBlue (urea solution) consumption is 5-7% of the volume of fuel consumption (AB 

Volvo, 2005). In this report, the urea solution consumption is assumed 6% of the diesel 

consumption, i.e. 30000 liter.  

Component (1 WL) From  To Weight
(kg) 

Distance 
(km) 

Mode  

CAB, Body, other parts Hallsberg Arvika 830 200  Road 

Axel, Transmission  Eskilstuna Arvika 4000 300  Road 

Engines Skövde Arvika 1300 250  Road 

Additional Travel, Stopping, loading, 
unloading etc.  

     50  Road 

Note: The external transportation from suppliers is assumed 1 time as the Volvo internal transportation 
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Through the GaBi professional database, PE International provides the emissions for 

European vehicles. In this study, Euro 6 vehicle model is chosen for both wheel loaders. The 

summary of the main data sources are given below  

 VCE provided figures from Preventive Maintenance cost report for 10,000 work 

hours and the rest were of the change overs were estimated based on the initial 

values provided for preventive maintenance for 25,000 work hours.  

 The EU-27 average diesel production has been chosen. This dataset represents an 

average refinery for the Europe, and includes the whole supply chain of the diesel 

within the EU-27 area compiled by PE International.  

 The data for diesel consumption was obtained from VCE customer service for a 

machine and then calculated for the whole life span.  

 Detailed flows for use and maintainence are given in Appendix A table 9-3. 

5.2.3.2. Limitations 

 Maintenance figures for breakdown of parts and their replacement have not 

been considered in this study.  

 Flows for spare parts production have not been considered in this study however 

their cradle to gate material processing has been taken in to account and 

modeled in GaBi5.  

 Note that the study only considered diesel engine fuel, other engine fuels, such as 

ethanol, biodiesel, or gasoline were not modeled. 

 

5.2.4. End of life Phase 

In this phase the scraping of the L150G has been taken in to account and accordingly the 

flows have been calculated. This includes all plastics, most metals and fossil fuels.  

5.2.4.1. Data Sources 

The summary for the data sources of end of life have been provided as under.  

 Most data for the scrapping was obtained from VCE recycling manuals for similar 

model of wheel loader L150F.  

 Recycling data was also available for another version of the wheel loader that was 

downscaled to check if the right procedure was adopted and to this wheel loader. 

 Detailed flows for end of life phase are given in Appendix A table 9-4. 
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5.2.4.2. Assumptions:  

 All plastic materials have been assumed to go 20 % by weight to landfills and 80 % 

to incineration. The corresponding credit has been taken for the incineration in 

terms of process steam and electricity from the incineration of these plastics.  

 Rubber tires have been assumed to be taken as 50 % going to construction 

industry. The remaining 50 % tires have been assumed to be incinerated and 

corresponding credit has been taken for energy production (WBCSD).   

 All paper materials have been assumed to be 100% incinerated, and the energy is 

recoveried.  

 Iron and steels has been assumed to be 90% sent for recycling and corresponding 

credit has been taken and avoiding scrap in the same ratio as the imput, with 

addition of recycling process data. 

 Credits have been taken for transmission, hydraulic and other oils discarded at 

EOL.  

 All copper percentages have been aggregated to include the copper in brass and 

bronze other than the copper estimated in cables. 

 100% of the copper is sent for recycling in the model and credit has been taken 

for avoidingscrap in the same ratio as used in the input.  

 80% of Chromium, Molybdenum, Palladium and Lanthanum are sent for recycling 

and the credit has been taken for these metals in the same ratio as they were 

used in the inputs. The ratio of 80% was chosen as there are no processes 

available for recycling these metals.   

 EOL of Aluminum just accounts for credit of down cycled aluminum recycling to 

aluminum casting and does not include taking credits for avoiding virgin 

aluminium.  

 Lead in batteries is 100% sent for recycling and corresponding credit has been 

taken for avoiding in the same ratio as the input.  

 Platinum is 100% sent for recycling and corresponding credit has been taken that 

avoids platinum metal in the same ratio as used in the input.   

 Gold is 100 % sent for recycling and corresponding credit has been taken that 

avoid gold metal in the same ratio as used in the input.   

5.2.4.3. Limitations:  

 All materials recovery, recycling and energy crediting might not be 100% to reality 

as best cases for each of them has been taken.  

 The data for recycling rates of Chromium, Molybdenum, Palladium and 

Lanthanum and corresponding crediting has been taken as an assumption and 

may vary from actual recycle or recovery rates as actual data was not researched 

and a figure of 80% was assumed.  
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 Platinum and gold assumed to be 100% sent for recycling as they are very 

precious metals.    
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5.3. Life Cycle Inventory of hybrid wheel loader concept 

The life cycle inventory (LCI) of the hybrid wheel loader concept consists of inventories for 

processes throughout the life cycle of the product. This section presents the detailed 

description of the LCI data methodology, uncertainties and limitations for every life cycle 

stage of the hybrid concept. 

 

5.3.1. Material Processes 

The materials acquisition and processing stage, which is described in (Chapter 4, figure 4-2), 

is the upstream of the hybrid concept’s production stage.  The LCI data was obtained from 

Volvo Group (Volvo Group Truck Technology, Volvo Construction Equipment) for the types 

and quantities of materials. Since the hybrid wheel loader is just a concept, data for 

materials and weight is based on the designed concept, which are scaled from the 

conventional wheel loader and the same methodology is applied as the conventional 

machine. 

5.3.2. Production Phase 

The production of hybrid concept has been divided in to external production, internal 

production, and total assembly. The production processes are not described in detail since 

the confidential agreement. 

The transportation for the hybrid concept is applied the same method as the L150G. The 

transport distance is the same and the weights of the components are different. 

5.3.3. Use phase  

The hybrid concept consumes both engine fuel and electricity. For Volvo Group, the diesel 

engines are equipped with EATS filter system to minimize particulates and NOx, the filter 

system includes an AdBlue (urea solution) tank and a catalytic converter.  

5.3.3.1. Emissions 

 From Volvo’s Environmental Declaration for its wheel loaders, the emissions for 

L150G is certified through official testing according EU Directive 97/68/EC, stage IIIB. 

Since the Euro 6 emission standard is becoming obligatory from January 1, 2014 

(Volvo Trucks, 2012), in this study the emissions for the plug-in wheel loader is 

chosen Euro 6 standard. 

 For the new designed wheel loader concept, there is not specific document for its 

emissions, but it should comply with the Euro 6 emission standard, since it is a future 

concept.   
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5.3.3.2. Maintenance 

The maintenance for the hybrid wheel loader concept is similar to the conventional wheel 

loader. The maintenance data is extracted from “Volvo Preventive Maintenance Cost” 

(Volvo Construction Equipment, Volvo Preventive Maintenance Cost, 2009) reports.  

5.3.4. End of Life Phase 

The End of life of the hybrid concept follows the assumptions, data sources and procedures 

as of  EoL of  L150G. The same recycling senarios for metals, plastics, tires and lead batteries 

have been adopted. The detailed EoL of this battery is described below.  

5.3.4.1. Recycling scenarios 

The wheel loaders will reach the end of their useful life over the designed working hours, 

they are sent to scraping and recycling. (For some cases, the wheel loaders may be sold to 

another owner to have a second life before they reach the limited working hours.) According 

to the Recycling Manuals and Environmental Declaration for Volvo wheel loaders, the 

recycling quota (including material recycled and energy recovered) reach 95% for the total 

weight of wheel loaders (Volvo Construction Equipment, Volvo Wheel Loaders L150G, 2007) 

For hybrid concept, the recycling percentage for all the plastics, most metals and hydraulic 

oil/grease is modeled the same as the conventional wheel loader  

The detailed processes of recycling batteries are not discussed in this study, but the major 

materials recovery is included in the GaBi model. 

5.3.4.2. Data sources 

 The end of life data for hybrid concept is proportional rescaled from the conventional 

wheel loader, the recycling manual for conventional wheel loaders and the Volvo 

CE’s Environmental Declaration. Appendix A, table 9-8 shows the end of life for the 

plug-in wheel loader. 

 Combined the materials data for the Li-ion batteries, the EoL data was calculated. 
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5.3.4.3. Limitations 

 LCI data for each material was imported and rescaled from other machineries; no 

recycling manual for the hybrid concept is available. There is uncertainty about the 

actual amount of material that will be recovered when the machine is fully 

established and the recycling assessment processes are operational.  

5.4. Life Cycle Impact Assessment 

Life Cycle Impact Assessment (LCIA) is the evaluation of the potential impacts on 

environment to a life cycle system. LCIAs generally use the consumption and loading data 

from the LCIs to create estimated impact categories (EPA, 2012). LCIA includes e.g. climate 

change, ozone depletion, eutrophication, acidification, human toxicity (cancer and non-

cancer related), respiratory inorganics, ionizing radiation, ecotoxicity, photochemical ozone 

formation, land use, and resource depletion (European Commission J.-I. , 2010). 

In this study, the following steps were conducted for the LCIA: 

 Assignment of LCI results (classification) 

 Calculation of category indicator results (characterization) 

 Weighting (valuation) 

5.4.1. Classification 

The classification assigns the LCI results to impact categories. The environmental issues 

associated with the LCI results can be highlighted by converting the LCI results to impact 

categories.  

According to the interests of Volvo, the following impact categories have been selected for 

the LCIA study. 

 Global Warming Potential (GWP) 

Carbon dioxide and other greenhouse gases in the atmosphere generate a “greenhouse 

effect” to rising temperature in the troposphere, where most of the organisms live in. 

Carbon dioxide is not the only gas that causes global warming, methane, chlorofluocarbons 

(CFCs), nitrous oxide and other gases also absorb infrared radiation, and they absorb much 

more effectively compared to CO2 (Baumann & Tillman, 2004)Global Warming Potential 

(GWP) refers to the global warming, relative to CO2, which chemicals contribute to this 

effect by absorbing infrared radiation. The impact scores for global warming are calculated 

using the mass of a global warming gas released to air, modified by a GWP equivalency 

factor, which is an estimate of a chemical’s atmospheric lifetime and radioactive forcing that 

may contribute to global warming, regarding to the reference gas CO2 (Amarakoon, Smith, & 
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Segal, 2012). Therefore, the GWP of a substance is defined as the ratio between the 

increased infrared absorption it causes and the increased infrared absorption caused by 1kg 

of CO2: 

         ∑               Equation 5-2 

where: 

        :  total global warming potential of all the emissions 

       :  global warming equivalency factor of greenhouse gas (GHG) “i” (kg CO2 eqv/kg); 

    : the amount of GHG “i” released to the air (kg) per functional unit. 

GWPs have been published for known global warming chemicals within differing time 

horizons. The GWPs used in LCA have been developed by the UN Intergovernmental Panel 

on Climate Change (IPCC). Their list of “provisional best estimates” of GWPs is updated 

periodically (CML, 2002). The GWP used in this report is from categories of CML (Center of 

Environmental Science of Leiden University) 2001 (updated Nov, 2010), and the time horizon 

is 100 years. Detailed data for GWP is listed in Appendix C table 9-11. 

Table 5-4 Global Warming Potentials for 100 years expressed relative to CO2 [selected 

emissions](CML 2001 Method: version 3.6 (November 2009)) 

Trace Gas GWP 100 years (kg CO2 eqv/kg) 

CO2 1 

CH4 25 

1,1,1-trichloroethylene 146 

CCl4 1400 

N2O 298 

SF6 22800 

CFC-11 4750 

CFC-12 10900 

CFC-13 14400 

CFC-113 6130 

CFC-114 10000 

 Abiotic resource Depletion Potential (ADP) 

Resources can be divided according different categories: renewable and non-renewable 

resources, abiotic and biotic resources. Abiotic resources are those considered as non-living 

resources such as coal, iron ore, crude oil, natural gas, hydro energy, and so on; biotic 

resources are living creatures as forests, animals, fungi and so on. Abiotic resource depletion 

potential (ADP) is an impact category for non-renewable resource depletion during the 

production of material or energy flow (Amarakoon, Smith, & Segal, 2012). To measure the 
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ADP, the depletion of heavy metal antimony (Sb) is chosen as the merit for the depletion of 

abiotic resources. The measure is calculated the ratio of the extraction rate to the squared 

global reserves of the material, divided by the same ratio for antimony (Sb). The calculation 

is shown below (EPA, 2012): 

        
     

        
  Equation 5-3 

where: 

EFADP i: the abiotic depletion potential of material “i” (unitless); 

DR: the global extraction rate of material (kg/yr); 

R: the ultimate global reserve of the material (kg); 

DRSb: the global extraction rate of the antimony (reference material) (kg/yr); 

RSb: the ultimate global reserve of the antimony (reference material) (kg). 

The abiotic depletion impact score is calculated as: 

     ∑              Equation 5-4 

where: 

ISAD: the abiotic depletion impact score for the material (kg Sb-equivalent) per 

functional unit; 

Amt: the amount of material extracted (kg) per functional unit. 

The following table shows some materials’ depletion equivalents for abiotic resources, 

relative to antimony. Detailed data for ADP is listed in Appendix C table 9-12. 

Table 5-5 ADP of selected materials (CML 2001 Method: version 3.6 (November 2009)) 

Substance Static reserve life (years)( kg Sbeqv/kg) 

Aluminum (Al) 1,09×10-9 kg Sbeqv/kg 

Iron (Fe) 5,24×10-8 kg Sbeqv/kg 

Silicon (Si) 1,4×10-11 kg Sbeqv/kg 

Lithium (Li) 1,15×10-5  kg Sbeqv/kg 

Copper 0,00137 kg Sbeqv/kg 

Colemanite Ore 00,000684 kg Sbeqv/kg 

Gold (Au) 52 kg Sbeqv/kg 
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 Acidification Potential (AP) 

Acidification potential is an indicator to measure the impact of acidifying pollutants like SO2, 

NOx, HCl, NH3 and so on to the acidity of soil and water. Acid rain is one of the most visible 

acid precipitation. Acid snow, acid fog, and acid dew are also significant acid depositions. 

Furthermore, dry acidic particles and aerosols are converted to acids when they dissolve in 

surface water or contact moist tissues (Tillman, 2008). All the acidifying pollutants form 

acidifying H+ ions, so for a pollutant’s potential to acidification is measured by its capacity to 

form H+ ions and it is used for the characterization modeling in LCA. The acidification 

potential (AP) is defined as the number of H+ ions produced per kg substance relative to SO2. 

And it is calculated as follow (Tillman, 2008): 

        ∑               (CML/NOH, 1992) Equation 5-5 

where: 

   : the acidification potential impact score of pollutant “i” (kg SO2 eqv) per 

functional unit; 

      : the AP equivalency factor for pollutant “i” (kg SO2 eqv /kg); 

     : the amount of the acidic chemical (AC) released to the air (g) per functional 

unit. 

The acidification potential reflects the maximum acidification caused by the pollutants, but it 

does not represent the actual acidification to the environment, because the actual impacts 

to the soil and water are also affected by the buffering capacity of soil and water, climatic 

conditions and rate of harvesting (Tillman, 2008). Acidification potentials for several 

acidifying pollutants are listed below: 

Table 5-6 Generic acidification equivalent expressed relative to SO2 [selected pollutants] 

(CML 2001 Method: version 3.6 (November 2009)) 

Pollutant AP (kg SO2 eqv/kg) 

SO2 1 

HCl 0,749 

HF 1,36 

NOx 0,5 

NH3 1,6 

Detailed data for AP is listed in Appendix C table 9-13. 

 

 Eutrophication Potential (EP) 
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Eutrophication is the ecosystem response to the high level of artificial or natural substances, 

such as nitrates and phosphates, through fertilizers or sewage to an aquatic system. The 

excessively high level of nutrients lead to shifts in species composition and increased 

biological productivity, for example as the bloom of phytoplankton. In LCIA, the 

eutrophication covers not only the impacts of nutrients, but also those of degradable organic 

pollution and sometimes also waste heat since they all affect biological productivity in some 

way (SETAC-WIA2 2001; CML 2002). Calculation of eutrophication potentials is based on the 

proportions of nitrogen, phosphorus, carbon and oxygen in the average chemical formulate 

for aquatic biomass formation and decomposition. Eutrophication potentials are often 

expressed as PO4
3--equivalents, but given the molar ratios of the chemical formulae (Tillman, 

2008). The eutrophication impact score is calculated below: 

        ∑               Equation 5-6 

where: 

   : the eutrophication potential for regional water quality impacts from the 

chemical “i” (kg PO4
3-

eqv) per functional unit; 

      : the EP equivalency factor for the chemical “i” (kg PO4
3-

eqv/kg); 

     : the inventory mass (kg) of the eutrophication-inducing chemical per functional 

unit. 

The eutrophication potential equivalency factors for some eutrophication-inducing 

chemicals are listed below (Detailed data for EP is listed in Appendix C table 9-14): 

Table 5-7 Generic eutrophication equivalents expressed relative to PO4
3- [selected 

substances] (CML 2001 Method: version 3.6 (November 2009)) 

Substance EP (kg PO4
3-

eqv/kg) 

PO4
3- 1 

H3PO4 0,97 

P 3,06 

NOx 0,13 

NO2 0,13 

NH3 0,35 

NH4
+ 0,33 

NO3
- 0,1 

HNO3 0,1 

N 0,42 

COD 0,022 

 Ozone Depletion Potential (ODP) 
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Ozone (O3) is a harmful pollutant in the lower atmosphere. It is an irritant gas that would 

damage plants, human health and the surrounded environment. However, the ozone in the 

stratosphere filters out dangerous ultraviolet radiation from the sun. Chemicals like 

chlorofluorocarbons (CFCs), if released to the atmosphere, will act as catalyzes to destroy 

the ozone. Ozone depletion refers to the release of chemicals that may contribute to this 

effect. The World Meteorological Organization (WMO), which updates its list of ODPs 

periodically, developed the ozone depletion potentials (ODPs) used in LCA (CML, 2002). ODP 

is a measure of the change in the ozone column in the equilibrium state of a substance 

compared to the reference chemical: trichlorofluoromethane (CFC-11) (Heijungs et al., 

1992). The individual chemical impact for ozone depletion potential is calculated below: 

         ∑               Equation 5-7 

where: 

    : the ozone depletion potential impact score for chemical “i” (kg CFC-11eqv) in 

per functional unit; 

       : the ODP equivalency factor for the chemical “i” ” (kg CFC-11eqv /kg); 

    : the amount of ozone depleting chemical (ODC) released to the air (kg) 

The standard ODP reflects the change in the stratospheric ozone column in the steady-state 

due to amount of emission of that substance relative to that of CFC-11 (Tillman, 2008). The 

steady-state ODPs equivalency factors for some ozone depletion pollutants are listed below 

(Detailed data for ODP is listed in Appendix C table 9-15): 

Table 5-8 Steady-state ozone depletion potentials expressed relative to CFC-11 [selected 

emissions] (CML 2001 Method: version 3.6 (November 2009)) 

Substances ODPSteady-state (kg CFC-11eqv/kg) 

CFC-11 1 

CFC-12 1 

CFC-113 1 

CFC-114 0,94 

Halon 1201 1,4 

Halon 1202 1,3 

Halon 1301 12 

Halon 2401 0,25 

CCl4 0,73 

1,1,1-trichloroethylene 0,12 

CH3Br 0,38 

CH3Cl 0,02 
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5.4.2. Characterization 

The characterization is calculated from the LCI results according to the characterization 

factors. The result of characterization is the aggregated values for the impact categories that 

were described in 5.4.1. 

 Global Warming Potential (GWP) 

The unit chosen for this analysis within the software is CML 2001 (Nov. 09). The Figure 5-6 

shown below gives a picture of the GWP 100 years in Kg-CO2 equivalent.  The figure gives 

comparative values for each of the phases in the life cycles of both wheel loaders. This 

includes Material Processing, Production, Use and End of life.  

 

 Comparative Interpretation:  

In figure 5-5, starting with the comparison of GWP, the material processing phase is nearly 

the same for both wheel loaders. The GWP of the production phase is almost 300% higher 

for the hybrid concept and the reason for this is the additional production figures for the 

batteries that includes the production of lithium compound that has a large amount of 

emissions as compared to L150G production. The phase with the largest global warming 

potential (GWP) is the use phase for both wheel loaders. In case of the wheel loader L150G, 

the use phase accounts for 98% GWP; for hybrid concept, the use phase accounts 91% of its 

life cycle GWP. Compared to the L150G, the hybrid concept reduced more than half of the 

global warming potential in total. This change is due to reduced diesel consumption as the 

 

Figure 5-3 Global Warming Potential Comparison between wheel loaders L150G and hybrid 
concept 
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hybrid concept has a smaller diesel engine and the substitution of electricity from a Swedish 

grid instead of diesel fuel, when the hybrid concept will be charging the battery from an 

electricity grid. Lastly the End of life is nearly the same for both the wheel loaders the 

negative figures show the avoided GWP from the recovery, reuse and recycle of different 

types of materials like oil, plastics, rubbers and metals.  In the total comparison the GWP for 

hybrid concept is almost three times less than that of the L150G giving it the advantage of 

being less polluting machine for one of the most important impacts during the complete life 

cycle.   

From figure 5-6, the dominated emission to the GWP is CO2, other greenhouse gases like 

CH4, VOCs, etc have small impacts due to their insignificant proportion compared to CO2. 

  

Figure 5-4 Emissions contribution to Global Warming Potential 
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      Abiotic Resource Depletion Potential (ADP Element)  

The unit chosen for this analysis within the software is CML 2001 (Nov. 09). The figure 5-

7 shown below gives a picture of the ADP(element) in kg-Sb equivalent. The figure gives 

comparative values for each of the phases in the life cycles of both wheel loaders. This 

includes Material Processing, Production, Use and End of life.  

 

 

Figure 5-5 Abiotic Resource Depletion Potential (Element) between wheel loader L150G and 
hybrid concept 
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the copper that is used in the cable. In the production phase is insignificant for both 

wheel loaders (less than 0,5% of total), because minimal use abiotic elements. The use 

phase is nearly similar in terms of ADP as both wheel loaders will use similar resources 

during the use phase; the addition of an extra Lithium Ion battery  during the use phase 

gives hybrid concept a slightly higher value of ADP (element) within the use phase.  In 

case of End of life, the optimistic assumption of higher values of recovery and reuse of all 

types of metals after scrapping gives hybrid concept a better outlook for avoiding virgin 
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ores of aluminum, copper, lithium, platinum, palladium, neodymium. These assumptions 

have already been outlined in the LCI phase.  If the total values of the ADP for the 

complete life cycle of both wheel loaders is compared, the ADP of hybrid concept is 

slightly higher than that of the L150G, keeping in mind that we are taking an optimistic 

viewpoint on the recycling and reuse of materials and avoiding the virgin materials in the 

processes. ADP for fossil fuels is not included in this  impact category.  

 

 

Figure 5-6 Major element’s contribution to Abiotic Resource Depletion Potential 

From figure 5-8, for L150G, the colemanite ore contributes 64% the source of this is glass 
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As for hybrid concept, the majority impact is from antimonite that is used in the cables.  

Colemenite from the glass fibers used in the tires is the same as in L150G and tellurium 

is from the silver used in the PCB and ESS. 

Acidification Potential (AP) 

The unit chosen for this analysis within the software is CML 2001 (Nov. 09). The figure 5-

9 shown below gives a picture of the AP in Kg-SO2 equivalent.  The figure gives 

comparative values for each of the phases in the life cycles of both wheel loaders. This 

includes Material Processing, Production, Use and End of life.  

 

Figure 5-7 Acidification Potentional between wheel loader L150G and hybrid concept 
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hybrid concept is nearly five times more than that of the L150G. This result is quite 

debatable as again we are taking an optimistic viewpoint on the recycling and reuse of 

materials and avoiding the virgin materials in the processes. On analyzing the total AP 

during the complete life of the wheel loaders it is concluded that L150G has nearly 

three times more AP as compared to the hybrid concept. 

 

 

Figure 5-8 Emissions contribution to Acidification Potential 

From figure 5-10, for both wheel loaders, the majority emission to AP is SO2 that 

contributes to more than 60% of the total emissions. 
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Eutrophication Potential (EP) 

The unit chosen for this analysis within the software is CML 2001 (Nov. 09). The figure 

5-11 shown below gives a picture of the EP in Kg-PO4
3- equivalents.  The figure gives 

comparative values for each of the phases in the life cycles of both wheel loaders. This 

includes Material Processing, Production, Use and End of life.  

 

Figure 5-9 Eutrophication Potential between wheel loader L150G and hybrid concept 
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Figure 5-10 Emissions contribution to Eutrophication Potential 

Figure 5-12 shows the proportion of emissions that contribute to the Eutrophication 

Potential for both wheel loaders.  
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Ozone Depletion Potential (ODP): 

 The unit chosen for this analysis within the software is CML 2001 (Nov. 09). The figure 5-14 

shown below gives a picture of the ODP in kg- CFC-11eqv equivalent.  The figure gives 

comparative values for each of the phases in the life cycles of both wheel loaders. This 

includes Material Processing, Production, Use and End of life. The dominate pollution for 

ozone depletion is the trichlorofluoromethane (R-113), which contributes to 96% of the ODP 

for both wheel loaders (figure 5-13). The use phase for both wheel loaders is similar as they 

both use the same HVAC system, thus constant replacement of  R134a in preventive 

maintenance  leads to the R-113 emission contributing to the ODP in both wheel loaders. As 

visible in the figure 5-14.   

  

 
Figure 5-11 Ozone Depletion Potential between wheel loader L150G and hybrid concept 
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Figure 5-12 Emissions contribution to Ozone Depletion Potential 
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5.4.3. Weighting 

The weighting of the LCIA is to convert and aggregate the indicator results across impact 

categories using numerical factors based on value-choice (ISO 14044, 2006). In this report, 

the environmental impact is weighted according to the EPS (Environmental Priority 

Strategies in product design) (Steen, 1999) method and the Ecoindicator’99 method. The EPS 

method and Ecoindicator’99 were developed with the intention to supply designers and 

design engineers, so that they could work with environmental information in single scores 

indices (Baumann & Tillman, 2004).  

5.4.3.1. EPS 2000 

EPS is based on willingness to pay by ab OECD inhabitant to avoid environment damage 

(Steen, 1999), for example how much does a commercial entity want to pay to prevent 1 kg 

of CO2 emission. Its unit is ELU (Environmental Load Unit), which includes characterisation, 

normalization and weighting. It is often used at Volvo and focuses on the following impact 

categories. 

 Biological Diversity 

 Human Health 

 Production 

 Aesthetic Values 

 Natural Resources 

Comparative Interpretation: 

The distribution of the weighting of environmental impact result according to EPS is 

illustreated in figure 5-15, the Raw materials Phase and the use phase account to the major 

impact. This can be explained as the EPS method evaluates the availability of resources as 

well as the emissions to air, water and ground. The end of life Phase that shows a negative 

value in the figure indicates the materials recycle and the energy recovery contribute to a 

better environmental performance. In the material processing phase, the hybrid concept is 

nearly 30%  higher than the L150G;  This is due to increased extraction and processing of 

materials such as copper and aluminum in hybrid concept.  The impact from the production 

phase, the hybrid concept is 3 times as the L150G.  
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Figure 5-13 Environmental Impacts Weighting according to EPS 2000 
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Figure 5-14 EPS results for L150G total life in Materials  

 

Figure 5-16 shows the environmental impacts of total life span (includes all 4 phases) of 
L150G. The largest impact is the crude oil consumption, then the CO2, natrual gas, platinum 
and other precious metals also have great contribution to the total impacts. The largest 
consumed element iron, has very small impact according to EPS since it is readily available. 
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Figure 5-15 EPS results for hybrid concept total life Materials 

Figure 5-17 shows the environmental impacts of total life span (include all 4 phases) of 

hybrid concept. The largest impact is crude oil; then the crude oil, CO2. Antimonite is also has 

quite big proportion, because  5,86 kg antimonite oxide is used in the cable material. The 

gold, copper and silver also have some significant contribution to EPS due to the copper used 

in cables and motors. Lithium has 1% of the total life cycle EPS, because lithium is not a 

precious metal, it only counts 0,0074 ELU/kg, and it is quite readily obtained. 
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5.4.3.2. Eco-Indicator’99 

Eco-Indicator’ 99 uses the damage-oriented approach, which devides the impact categories 

into three damage groups: Damage to Human Health, Damage to Ecosystem Quality, and 

Damage to Resources. (Goedkoop, Oele, Schryver, & Vieira, 2008) There are three versions 

of Eco-Indicator’99 that judged with different perspectives: 

 Eglitatian perspective: 

Even a minimum of scientific proof justifies inclusion 

 Individualist perspective: 

Only proven effects are included 

 Hierachical perspective: 

Balanced time perspective 

Hierchist perspective Eco-Indicator is chosen for the weighting of this study. In the 

hierarchist perspective the chosen time perspective is long-term, substances are included if 

there is consensus regarding their effect (Goedkoop, Oele, Schryver, & Vieira, 2008) 

(SimaPro Database Manual). The weighting method is strong in assessing air and water 

emissions, but weak in assessing abiotic resource consumption (Henriksson, 2008). 

 

Figure 5-16 Environmental Impacts Weighting according to Eco-Indicator’99 (Hierchist perspective) 

3832 
381 

82349 

-2117 

84444 

4388 
1840 

33388 

-2262 

37355 

-10000

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

Raw Materials Production Use Phase End of Life Total

EcoIndicator' 99 Comparison L150G v.s. Hybrid Concept 

L150G

Hybrid Concept



59 
 

According to the Eco-Indicator’99, (Figure 5-20) the use phase of both wheel loaders has the 

most significant impact to their life cycle, because the consumption of diesel.  Compared to 

L150G, the hybrid concept reduces  56% of the impacts through the life cycle due to the 

dominated diesel reduction from the use phase. 

The impact from the raw materials of the hybrid concept is higher than the L150G, due to 

the materials of motors.  The impact from the production phase of hybrid concept is 1459 

higher than the L150G. For end of life, both wheel loaders are similar because of similar 

recycable materials. 

The EPS has more focus on the resources than the Eco-Indicator, which gives more than 50% 

of the impacts for raw material phase according to the total life cycle in EPS; and according 

to the Eco-Indicator, the raw material phases are only 4% (L150G) and 11% (hybrid concept) 

of the total life cycle.  

The Eco-Indicator has its focus on the impacts from emissions in the use phase, 84% (L150G) 

and 74% (hybrid concept) of the total life cycle impacts are from the diesel engine emissions. 

The difference between hybrid concept and L150G is because the hybrid concept consumes 

15% of its total energy from the electricity. 
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6. Sensitivity Analysis 

The sensitivity analysis was conducted on the use pahse as this phase is the most dominant 

phase in all impact categories. An example for the use phase analysis was taken for two 

countries China and Sweden for the hybrid concept. The idea was to see if the potential 

impacts encountered changes according to the assumptions of the electricity and diesel use.  

In this report, the sensitivity analysis is only conducted to the Global Warming Potential 

(GWP) and the Acidification Potential (AP). Other phases and impact categories  have not 

been investigated in this sensitivity analysis.  

Table 6-1 China Electricity Mix 2020 

Electricity Source Percentage 

Electricity from hard coal  67,01% 

Electricity from heavy fuel oil  0,30% 

Electricity from hydro power  21,60% 

Electricity from natural gas  4,20% 

Electricity from nuclear energy  5,70% 

Electricity from wind power  1,10% 

Source: Data from Volvo GTT previous study in GaBi5 Model (PE International, 
GaBi5 Datasets, 2012) (Laudon & Soriano, 2012) 

 

Sensitivity on Global Warming Potential (GWP) 

 
Figure 6-1 Global Warming Potential Comparison wheel loaders L150G, hybrid concept used in Sweden and China 
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Comparitive Interpretation: 

In the figure 6-1 four standard values are depicted, the blue bars show the results for 

different stages within the use phase of the 150G, the green bars represent the same for 

hybrid concept that uses Sweden Electricity Mix and diesel, the red bars show the results for 

different stages within the use phase having the values for China Electricity Mix, and the 

yellow bars show the same stages within the use phase that the wheel loader only use diesel 

in China. The phases are broken down in to the emissions from diesel consumed, electricity 

consumed, preventive maintenance, engine emissions the last two phases are total figures 

for GWP in the use phase and complete Life Cycle.  Starting from the electricity mix 

emissions from the production of electricity, since the L150G does not use any electricity 

during the use phase the value of GWP is zero.  

hybrid concept using electricity from a Swedish grid shows very little emissions under ideal 

conditions of charging. The reason for this is the use of energy resources other than those 

from fossil fuels that account for major quantity of CO2 emissions and other emissions 

causing the global warming. If this electricity mix is now switched to the chinese electricity 

mix, fossil fuels will contribute  up to 76% of the electricity generation in China till the year 

2020.  

Consumption of electricity by hybrid concept  if and when it is used in China will increase 

GWP by up to 90 times. The full diesel mode for hybrid concept is a better option than plug-

in hybrid mode if used in China , regarding to the global warming potential, because the 

electricity in China is mostly (>70%) generated from fossil fuel, the GHGs emission from the 

fossil fuel grid is huge, which contributes a lot to the global warming. In the stages diesel 

consumption, urea utilization and maintenance of both wheel loaders switching between 

electricity for both Sweden and China does not have any singnificant alternation in GWP.  

The discussion above imply that the wheel loader hybrid concept does reduce the emission 

of GHGs (96% is CO2), compared to the conventional wheel loader. However, GWP 

improvement of hybrid concept may differ if it is used in different countries, which depends 

on the electricity generation sources of the countries.  The hybrid concept has a better GWP 

improvement if it operates in full diesel mode when it is used in China. 
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Sensitivity Analysis on Acidification Potential (AP) 

 

Figure 6-2 Acidification Potential Comparison wheel loaders L150G, hybrid concept used in Sweden and China 
 

Comparitive Interpretation: 

The figure 6-2 shows a similar sensitivity analysis on Acidification Potential (AP) that includes  

plug-in hybrid mode in Sweden and China. It aslo includes the full diesel mode  for hybrid 

concept in China. A review of the major stages in the use phase illustrates that L150G has an 

overall advantage in AP if the Electricity Mix is changed from Sweden to China. A major 

difference occurs in AP for the total electricity consumed by the hybrid concept, if and when 

it is used in China under ideal conditions. The reason again for this is that a major 

contributor to AP is the SO2. As for China Electricity Mix 76% of the electricity are from fossil 

fuels. Thus the AP values for the electricity consumption is very high when compared to the 

1488.1 

56.1 
0.0 

86.1 122.3 

1752.6 

1894.6 

586.3 

26.3 10.8 

136.9 

48.1 

808.5 

1100.6 

599.9 

26.3 

2142.0 

136.9 50.3 

2955.5 

3247.6 

705.8 

30.9 0.0 

136.9 
59.2 

932.9 

1225 

0.0

500.0

1000.0

1500.0

2000.0

2500.0

3000.0

3500.0

Diesel Urea Electricity Mix Maintenance Engine Exhaust Use Phase AP Total AP

A
ci

d
if

ic
at

io
n

 P
o

te
n

ti
al

 [
kg

 S
O

2
 -

Eq
v.

] 

AP of Use Phase: Sweden vs. China 

L150G Hybrid Concept in Sweden Hybrid Concept in China Hybrid Concept 100% Diesel in China



63 
 

hybrid concept with the Sweden Electricity Mix and zero in the case of L150G and full diesel 

mode of hybrid concept.  

If the AP values for the total use phase and the AP values for the total life cycle are 

considered, the conventional wheel loader L150G has a better performance than the hybrid 

concept, when the hybrid concept uses the grid mix in China. However, if the hybrid concept 

changes to operate in 100% diesel mode in China, it still decreases almost one third of AP 

than the L150G. Of course, the actual situation depends on the costumer who operates the 

wheel loader, which also needs to compare the prices of diesel and electricty. 

According the sensitivity analysis of GWP and AP on two other senarios that the hybrid 

wheel loader used in China, the wheel loader hybrid concept may not reduce the 

environmental impacts compared to the L150G. The environmental impacts are highly 

affected by the electricity sources as well as the percentage of electricity for the total energy 

consumption of the wheel loader. The costumers may use more electricity than diesel in 

China if the electricity is much cheaper the diesel. In that case, the acidification potential 

may become much larger than the conventional wheel loader. 
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7. Interpretation 

7.1. Discussion 

This chapter will discuss the major findings of the comparative analysis of both wheel 

loaders the conventional wheel loader L150G and the hybrid wheel loader concept, through 

all the phases; this will include important deductions obtained from the viewpoint of 

complete life cycle. In previous chapter LCI, LCIA including Weighting, Sensitivity Analysis 

have been thoroughly examined. This chapter will summarize the results and discuss them.  

7.1.1. Discussion on life Cycle Inventories (LCI) 

As far as the life cycle of the inventories of both wheel loaders are concerned,  the hybrid 

wheel loader concept is lighter when compared to the conventional wheel loader in terms of 

weight of different materials used. In the materials acquisition and processing phase a major 

advantage for plug-in hybrid wheel loader is derived from the weight of the axels, 

transmissions, engine and frame. However the conventional wheel loader despite being 

heavy does not contain an alternative lithium ion battery  nor does it contain electric 

motors. The major materials contained in the conventional wheel loader are steels and iron. 

In the case of the hybrid concept the addition of the battery and the electric motors and the 

subsequent control infrastructure that will contain more cables and control units to 

distribute the current, will contain a lot of copper and other metals such as gold, silver, 

platinum and palladium.   

In the context of production phase of the life cycle inventory of hybrid concept it is similar to 

that of the conventional wheel loader. Scaling has been done to the engine production, axels 

and transmission production.  

In the use phase there are certain differences in mode of energy consumption for the hybrid 

concept, since it has a smaller diesel engine and uses a battery  to compliment the power 

required to run the machine unlike the L150G. The L150G will requires a constant preventive 

maintenance in transmission and engine, while in the hybrid concept this maintenance will 

be reduced to a significant extent with the reduction of hydraulics and transmission oils 

subsequent filters. The diesel fuel consumption of hybrid concept will also be almost 60% 

less than the L150G. Thus, the consequent emissions are also significantly less especially in 

the case of  emissions that cause pollution like CO2, SO2, NOx, particulates and other CFC 

compounds. These emissions are not only a direct consequence of engine exhaust but also 

include emissions that are generated from the production of diesel fuel from heavy and light 

fuel oils at the petroleum refineries.  Therefore the use phase is the major contributor to 

emissions with in the complete life cycle of the wheel loaders. Thus for both wheel loaders’ 

use phase the comparative analysis shows that the conventional wheel loader will have 2 

times more GWP to air when compared to the hybrid concept. 
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Although the L150G and the hybrid concept have a similar composition with all major 

materials, the quantities differ to a certain extent that has been explained from the reasons 

stated earlier in the materials acquisition and processing phase. The LCI results of the end of 

life have been taken in an optimistic manner.  In the context of energy recovery of materials, 

both the machines have plastics, they are incinerated and the corresponding credit has been 

taken for avoiding energy generation by offsetting it with energy for electricity and process 

steam from waste incineration. A similar procedure has been applied for both wheel loaders 

to the tires scrap.  Recoverable metals that are mostly recycled up to 90% such as aluminum, 

copper, iron, steels. The rest of the materials have been averaged to a best case like lithium, 

platinum, palladium, molybdenum and others. What is still not certain in the case of hybrid 

concept is the way the battery as a component is going to be recycled. Though research 

exists in this aspect that has been referenced previously still there are certain apprehensions 

on whose responsibility it will be to recycle the lithium ion battery. Is there exact process 

existing at that facility to recover the metals, recycle and reuse the materials present within 

this battery. The overall LCI of the end of life phase for both wheel loaders is of recovery and 

avoiding scrap use for most resource oriented materials.  

7.1.2. Discussion on Life Cycle Impacts Assessment (LCIA) 

In the context of LCIA, three procedures were adopted to assess the impact in a structured 

manner; in classification five categories were chosen for both wheel loaders, these were the 

Global Warming Potential (GWP), Abiotic Resource Depletion (ADP), Acidification Potential 

(AP), Eutrophication Potential (EP) and Ozone Depletion Potential (ODP). This classification 

was further characterized from taking values from the LCI by the CML 2001 updated 2009 

standard for the selected categories and then finally were weighted according to EPS2000 

and Ecoindicator99. All the phases of the complete life cycle were checked for impacts 

comparing both the wheel loader technologies side by side to have a comparative viewpoint 

on the classified impacts.  

The impact categories comparison conducted for materials processing phase for GWP, is 

nearly the same even though the hybrid concept is lighter. A reason for this is the inclusion 

of materials of battery  that contains lithium iron phosphate, and also the materials for 

electric motors and associated panels and cables. These have significant quantities of 

aluminum, copper and other precious metals associated with the battery  and electric 

motors infrastructure in comparison to the L150G. So in this case the weight advantage 

driven emissions are neutralized. Considering the abiotic resource depletion potential (ADP) 

for the same phase, the result is opposite, the ADP for the hybrid concept is far greater 

nearly six times as that of the conventional wheel loader L150G. The reason is the same as 

stated above in the previous discussion copper, aluminum and metals like silver, gold and 

platinum are considered rare and scarce. Thus the corresponding impact categories like 

eutrophication potential (EP) and acidification potential (AP) are also higher for the hybrid 
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concept to a certain extent but are not significant to the life of the hybrid wheel loader 

concept.  

The comparative analysis of the production phase with respect of all the five impact 

categories gave higher values for hybrid concept for categories of GWP, ADP, AP and EP. The 

production for L150G is standard but values for production of the hybrid wheel loader also 

contains the rough production figures of the lithium ion battery but the production figures 

for electric motors have not been taken in to account. These figures are bound to be greater 

once an accurate assessment is made. If other values for production and transportation of 

components from suppliers and sub suppliers are also included a real time picture can be 

obtained.  

The discussion on the use phase is of the prime importance as this is the phase is the most 

dominant in all impact categories. The impact categories of GWP, AP, EP the hybrid concept 

shows significant advantage over the L150G wheel loader. This is due to reduction of diesel 

consumption and the use of electricity from a local Sweden grid. The ADP still has a higher 

value for hybrid concept. This is due to an additional batteries replaced during the work life 

of hybrid concept.   

In the end of life phase the avoided impacts are visible for impact categories of GWP, ADP, 

AP and EP for both wheel loaders. Optimistic values for recycle and reuse of all the scrapped 

materials and energy recovery from combustible materials have been included. There is a lot 

of scope for additional investigations in to how accurate the assumptions on recycling are.  

The weighting gives a single score for the environmental impacts regarding different impact 

categories. The smaller impacts for hybrid concept is due to its less fuel consumption. The 

Eco-Indicator shows that the environmental impact of use phase is dominant (97% of total 

impact for L150G, 89% of total impact for hybrid concept) over all other phases.  

7.1.3. Discussion on Sensitivity Analysis 

The sensitivity analysis was carried out on the use phase of the hybrid concept as the 

analysis of LCIA showed use phase as the most dominant phase of the life cycle assessment.  

Two impact categories were chosen for this analysis, GWP and AP.  These were compared to 

the same phase for the conventional wheel loader L150G. The electricity mix of China was 

included in this analysis. The results show total GWP increased 30%. This means that the 

GWP is significantly higher if the hybrid concept is going to be used in China in future but still 

the total GWP in comparison to the L150G is 20% lower.  

The effect of AP is opposite to the results of GWP as the AP increased five times in 

comparison to the Sweden electricity mix and increased 40% more than the total AP 

generated from L150G. These results show that for other impact categories there will be a 

shift in results if the electricity consumed is changed to China electricity mix.   
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7.2. Conclusions 

If we consider the available data, assumptions and limitations, the hybrid concept seems 

better than the conventional wheel loader considering the total environmental impact 

categories outlined in the report. The realiability of the data used for this report is valid for 

conducting a screening LCA. However a detailed assessment is needed to make this 

conclusion more reliable. Since use phase has the most dominant impacts. It is concluded 

that the data gaps are not significant enough to jeoprodize the final results of this study. 

A major concern for VCE in this study is the excessive use of resources in the additional 

components of the hybrid concept that includes batteries, electric motors and related 

components that contain copper, aluminum and other metals as visible in the results for 

ADP as compared to the conventional wheel loader where the hybrid concept is inferior.  

The reduction of weight by elimination of most hydraulics and transmission in the hybrid 

concept will reduce the environmental impacts from the wastes and emissions obtained 

from the periodic maintenance otherwise in the conventional wheel loader L150G. However 

the impacts from the materials and components that substitute the original components has 

to be studied in detail to get the exact comparison. This will include detailed analysis of the 

manufacture and delivery of components.  

The lithium ion batteries have been thoroughly analyzed throughout the life cycle. The 

environmental impacts of the batteries are not significant regarding the total life; but for the 

production phase, it does contribute a lot to the environmental impacts due to the 

international production and transportation.  

In comparison to the Sweden Electricity Mix 2020, if the hybrid concept is switched with a 

China Electricity Mix 2020. The GHGs (mainly CO2) emissions in the use phase rise sharply. In 

comparison to the conventional wheel loader L150G even with the China Electricity Mix 

2020, the emissions of hybrid concept are still 20% less. In addition, if hybrid concept is 

switched to full diesel mode it will still have a better environmental performance in GWP 

and AP, in countries that are highly dependent on electricity from fossil fuels.  

The sensitivity analysis also indicates that the environmental impacts may be very different if 

the hybrid concept is used in different countries, which depends on the electricity sources of 

the countries and how the costumers power the machine by diesel and/or electricity. 

7.3. Future Studies 

In the material processing phase total materials have been considered, neglecting their sub 

processing and transformation before they reach VCE. This assumption  can affect the results 

of the as outlined in chapter 5.2.1.2.  Thus we recommend a detailed investigation on the 

processing of materials to enhance the realiability of the study.   
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In this study we have assumed both wheel loader technologies to have similar production 

data. This might not be the actual case as production locations or other attibutes might 

differ in reality if the hybird wheel loader concept is implemented. Thus we propose a 

detailed investigation to be conducted when the production process of the hybrid wheel 

loader concept has been established and different production facilities have been 

designated. This will give a better picture and will reduce these data gaps that have been 

assumed.  

The supply chain activities that should include transportations and manufacturing of  

subcomponents has been assumed and might not depict the real picture. Thus a detailed 

investigation should be carried out on the entire supply chain of the hybrid concept and 

L150G. Assessing the complete emissions from suppliers, transportations and sub 

components manufacturers.  Thus  making actual impacts to be comparable to the assumed 

data in this study and its realiability.  

A detailed investigation should be carried out to calculate the actual end of life for metals 

and other materials that have been given an optimistic value for recycle or reuse.  The 

methadological discussion on avoidance of double counting should also be explored 

especially when the recycling is not occuring in a closed loop. In doing so, credit is taken for 

recycling of certain percentage of metals in the EOL and there is a possibility of having the 

same metal taken as a percentage in input. Especially in the case of the lithium ion batteries 

and electric motors that contain significant amount of copper and antimonite componds. 

This will make results more accurate and reliable.  

In this study transmision of electricity is taken as 100% neglecting the losses from AC/DC 

charger and electric motors. Thus a detailed investigation should be carried out on these 

electricity losses to make the results more reliable. Also some aspects of the infrastructure 

required for the charging facilities that the hybrid concept is going to utilize should also be 

investigated.  

All major components and material processing data was obtained from Volvo Groups Truck 

Technology except for the CAB of the wheel loader. Other components were upscaled from 

previous datas avaialbe from Volvo Trucks and Busses, this included axels, tires, transmission 

and lithium ion battery. We advise VCE to have a through system of organizing their datas 

about materials and processes similar to VGTT. This can be done to promote future research 

in this specific field and to ensure minimum data gaps and time saving.   
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9. Appendix 

References for data sources  

ELCD(EAA, PlasticsEurope, CEWEP,Eurofer, ECI ) (European Commission I. J., 2008) 

PE-GaBi (PE International, GaBi databases 2011, 2011) 

Ecoinvent (Ecoinvent Centre , 2007) 

WorldSteel (World Steel Association, 2007) 

GaBi5 PE (PE International, GaBi5 Datasets, 2012) 

 

9.1. Appendix A. Processes and Flows Model Data 

Table 9-1 Material Processing Phase L150G 

SR Data set (GaBi) Material Flows (GaBi) Qty Unit  Origin Data Source 

1  Transmission and Lead Batteries 
 

        

1 RER: Aluminium ingot mix PE Aluminium extrusion profile [Metals] 0,4 kg VGTT PE-GaBi 

2 DE: Aluminium die-cast part PE <u-so> Aluminium part [Metal parts] 207,4 kg VGTT PE-GaBi 

3 RER: Aluminium sheet ELCD/EAA Aluminium sheet [Metals] 0,5 kg VGTT ELCD/EAA 

4 RER: Brass (CuZn20) PE Brass [Metals] 2,1 kg VGTT PE-GaBi 

5 CH: bronze, at plant Bronze [Metals] 0,1 kg VGTT Ecoinvent 

6 DE: Cast iron part PE Cast iron part [Metal parts] 35,5 kg VGTT PE-GaBi 

7 Copper production (40% recycled, Ecoinvent) Copper [Metals] 1,7 kg VGTT Ecoinvent 

8 EU-27: Hard coal mix PE 
Hard coal, at consumer EU-27 [Hard coal, at 
consumer] 2,7 kg VGTT PE-GaBi 

9 Lead average Lead [Metals] 77 kg VGTT Ecoinvent/PE-GaBi 

10 EU-27: Lubes at refinery PE Lubricant [Organic intermediate products] 38,8 kg VGTT PE-GaBi 
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11 CN: Magnesium PE Magnesium ingot [Metals] 1,7 kg VGTT PE-GaBi 

12 
SE: nickel, secondary, from electronic and electric 
scrap recycling, at refinery Nickel [Metals] 1,5 kg VGTT Ecoinvent 

13 DE: Nitrile-Butadiene-Rubber (NBR) PE Nitrile rubber (NBR) [Plastics] 1,4 kg VGTT PE-GaBi 

14 
RER: Nylon 6.6 granulate (PA 6.6) 
ELCD/PlasticsEurope <p-agg> Nylon 6.6 granulate (PA 6.6) [Plastics] 1 kg VGTT ELCD/PlasticsEurope 

15 DE: Polybutylene Terephthalate Granulate (PBT) PE 
Polybutylene terephthalate granulate (PBTP) 
[Plastics] 1,2 kg VGTT PE-GaBi 

16 EU-27: Polypropylene fibers (PP) PE Polypropylene fibers (PP) [Plastics] 6,708 kg VGTT PE-GaBi 

17 DE: Silica sand (Excavation and processing) PE 
Quartz sand (silica sand; silicon dioxide) [Non 
renewable resources] 1,678 kg VGTT PE-GaBi 

18 RER: chromium, at regional storage RER: chromium, at regional storage [Benefication] 0,3 kg VGTT Ecoinvent 

19 RER: molybdenum, at regional storage 
RER: molybdenum, at regional storage 
[Benefication] 0,4 kg VGTT Ecoinvent 

20 GLO: Silicon mix (99%) PE Silicon (99%) [Metals] 1,5 kg VGTT PE-GaBi 

21 
SE: zinc, from combined metal production, at 
refinery Special high grade zinc [Metals] 0,037 kg VGTT Ecoinvent 

22 DE: Steel cold rolled coil PE Steel cold rolled (St) [Metals] 1,6 kg VGTT PE-GaBi 

23 RER: Steel hot rolled coil ELCD/Eurofer Steel hot rolled coil [Metals] 334,3 kg VGTT ELCD/Eurofer 

24 RER: Steel plate worldsteel Steel plate [Metals] 1,5 kg VGTT WorldSteel 

25 DE: Steel wire rod PE <p-agg> Steel wire [Metals] 186,1 kg VGTT PE-GaBi 

26 RER: Sulphuric acid (96%) PE 
Sulphuric acid aq. (96%) [Inorganic intermediate 
products] 12,06 kg VGTT PE-GaBi 

27 RER: Water (deionised) PE 
Water (desalinated; deionised) [Operating 
materials] 21,468 kg VGTT PE-GaBi 

   
        

       2  CAB and Accessories 
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1 
RER: Acrylonitrile-butadiene-styrene granulate 
(ABS) ELCD/PlasticsEurope <p-agg> 

Acrylonitrile-butadiene-styrene granulate (ABS) 
[Plastics] 21 kg VCE 

ELCD/Plastics 
Europe 

2 Copper production (40% recycled, Ecoinvent) Copper [Metals] 6 kg VCE Ecoinvent 

3 DE: Ethylene Propylene Diene Elastomer (EPDM) PE 
Ethylene propylene diene elastomer (EPDM) 
[Plastics] 2 kg VCE PE-GaBi 

4 EU-27: Float flat glass PE Float flat glass [Minerals] 60 kg VCE PE-GaBi 

5 GLO: backlight, LCD screen, at plant GLO: backlight, LCD screen, at plant [Parts] 12 kg VCE Ecoinvent 

6 Print Circuit Board (Wheel Loader) <u-so> 
GLO: integrated circuit, IC, memory type, at plant 
[Parts] 12 kg VCE Ecoinvent 

7 EU-27: Polyamide 6.6 fibres (PA 6.6) PE Polyamide 6.6 fibres (PA 6.6) [Plastics] 2 kg VCE PE-GaBi 

8 DE: Polyoxymethylene granulate (POM) PE Polyoxymethylene granulate (POM) [Plastics] 2 kg VCE PE-GaBi 

9 EU-27: Polypropylene fibers (PP) PE Polypropylene fibers (PP) [Plastics] 21 kg VCE PE-GaBi 

10 RER: Polyurethane flexible foam (PU) PlasticsEurope Polyurethane RRIM part (PUR-RRIM) [Plastic parts] 26 kg VCE PE-GaBi 

11 DE: Polyvinyl Butyral Granulate (PVB) PE Polyvinyl butyral (PVB) [Plastics] 15 kg VCE PE-GaBi 

12 
RER: Polyvinylchloride granulate (Suspension, S-
PVC) ELCD/PlasticsEurope <p-agg> Polyvinylchloride granulate (PVC) [Plastics] 10 kg VCE 

ELCD/Plastics 
Europe 

13 RER: Steel plate worldsteel Steel plate [Metals] 639 kg VCE WorldSteel 

3  Axels, Frames, Tires 
 

        

1 
RER: Acrylonitrile-butadiene-styrene granulate 
(ABS) ELCD/PlasticsEurope <p-agg> 

Acrylonitrile-butadiene-styrene part (ABS) [Plastic 
parts] 1,36308 kg VGTT 

ELCD/Plastics 
Europe 

2 RER: Brass (CuZn20) PE Brass [Metals] 0,250681 kg VGTT PE-GaBi 

3 
DE: Carbon black (furnace black; general purpose) 
PE Carbon black [Organic intermediate products] 672 kg VGTT PE-GaBi 

4 DE: Cast iron part PE Cast iron part [Metal parts] 6320 kg VGTT PE-GaBi 

5 DE: Glass fibres PE Glass fibers [Minerals] 648 kg VGTT PE-GaBi 
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6 DE: Nitrile-Butadiene-Rubber (NBR) PE Nitrile rubber (NBR) [Plastics] 14,53952 kg VGTT PE-GaBi 

7 
RER: Nylon 6.6 granulate (PA 6.6) 
ELCD/PlasticsEurope <p-agg> Nylon 6.6 granulate (PA 6.6) [Plastics] 0,382289 kg VGTT PE-GaBi 

9 DE: Steel cold rolled coil PE Steel cold rolled coil [Metals] 14,32645 kg VGTT PE-GaBi 

10 RER: Steel hot rolled coil ELCD/Eurofer Steel hot rolled coil [Metals] 175,477 kg VGTT ELCD/Eurofer 

11 RER: Steel plate worldsteel Steel plate [Metals] 1220,703 kg VGTT WorldSteel 

12 RER: Steel welded pipe worldsteel Steel welded pipe [Metals] 259 kg VGTT WorldSteel 

13 DE: Steel wire rod PE <p-agg> Steel wire rod [Metals] 362,93 kg VGTT PE-GaBi 

14 DE: Styrene-Butadiene Rubber (SBR) Mix PE Styrene-butadiene-rubber (SBR) [Plastics] 336 kg VGTT WorldSteel 

4  Engine D13, Engine Hood and Fuel Tank 
 

        

1 
RER: Acrylonitrile-butadiene-styrene granulate 
(ABS) ELCD/PlasticsEurope <p-agg> 

Acrylonitrile-butadiene-styrene granulate (ABS) 
[Plastics] 25 kg VGTT ELCD/PlasticsEurope 

2 RER: iron scrap, at plant RER: iron scrap, at plant [Benefication] 701 kg VGTT Ecoinvent 

3 RER: Steel plate worldsteel Steel plate [Metals] 505 kg VGTT WorldSteel 

4 DE: Steel cold rolled coil PE Steel cold rolled (St) [Metals] 210 kg VGTT PE-GaBi 

5 No data set available cordierite [Minerals] 158 kg VGTT Virgin Flow 

6 RER: Aluminium sheet ELCD/EAA Aluminium sheet [Metals] 68 kg VGTT ELCD/EAA 

7 DE: Glass fibres PE Glass fibers [Minerals] 25 kg VGTT PE-GaBi 

8 
RER: polyethylene, HDPE, granulate, at plant 
[polymers] polyethylene, HDPE, granulate 17 kg VGTT Ecoinvent 

9 RER: Steel hot rolled coil ELCD/Eurofer Steel hot rolled [Metals] 17 kg VGTT ELCD/Eurofer 

10 Copper production (40% recycled, Ecoinvent) Copper [Metals] 9 kg VGTT Ecoinvent 

11 EU-27: Diesel mix at refinery PE Diesel [Refinery products] 9 kg VGTT PE-GaBi 

12 RER: manganese, at regional storage 
RER: manganese, at regional storage 
[Benefication] 5 kg VGTT Ecoinvent 
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13 DE: Polytetrafluoroethylene granulate (PTFE) Mix PE Polytetrafluoroethylene granulate (PTFE) [Plastics] 4,2173 kg VGTT PE-GaBi 

14 DE: Ethylene Propylene Diene Elastomer (EPDM) PE 
Ethylene propylene diene elastomer (EPDM) 
[Plastics] 3,8454 kg VGTT PE-GaBi 

15 
RER: Polyvinylchloride granulate (Suspension, S-
PVC) ELCD/PlasticsEurope <p-agg> Polyvinylchloride granulate (PVC) [Plastics] 3,234 kg VGTT 

ELCD/Plastics 
Europe 

16 
SE: nickel, secondary, from electronic and electric 
scrap recycling, at refinery GLO: nickel, 99.5%, at plant [Benefication] 3 kg VGTT Ecoinvent 

17 RER: chromium, at regional storage RER: chromium, at regional storage [Benefication] 2 kg VGTT Ecoinvent 

18 DE: Nitrile-Butadiene-Rubber (NBR) PE Nitrile rubber (NBR) [Plastics] 1 kg VGTT PE-GaBi 

19 DE: Steel wire rod PE <p-agg> Steel wire [Metals] 1 kg VGTT WorldSteel 

20 RER: molybdenum, at regional storage 
RER: molybdenum, at regional storage 
[Benefication] 0,698 kg VGTT Ecoinvent 

21 RER: silicone product, at plant RER: silicone product, at plant [inorganics] 0,668 kg VGTT Ecoinvent 

22 RER: Brass (CuZn20) PE Brass [Metals] 0,58 kg VGTT PE-GaBi 

23 EU-27: Polyamide 6.6 fibres (PA 6.6) PE Polyamide 6.6 fibres (PA 6.6) [Plastics] 0,456 kg VGTT PE-GaBi 

24 DE: Styrene-Butadiene Rubber (SBR) Mix PE Styrene-butadiene-rubber (SBR) [Plastics] 0,405 kg VGTT PE-GaBi 

25 
SE: zinc, from combined metal production, at 
refinery Special high grade zinc [Metals] 0,3676 kg VGTT Ecoinvent 

26 DE: Tin plate BUWAL Tin plate [Metals] 0,117 kg VGTT PE-GaBi/BUWAL 

27 CH: bronze, at plant CH: bronze, at plant [Benefication] 0,082 kg VGTT Ecoinvent 

28 Lead average Lead [Metals] 0,081 kg VGTT PE-GaBi/Ecoinvent 

29 DE: Polyoxymethylene granulate (POM) PE Polyoxymethylene granulate (POM) [Plastics] 0,055 kg VGTT PE-GaBi 

31 No data set available Vanadium ore (ROM) [Non renewable resources] 0,023 kg VGTT Virgin Flow 
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32 SE: Silver PE Silver [Metals] 0,000403 kg VGTT PE-GaBi 

5  Bucket, lift arm and hydraulic cylinders 
 

        

1 DE: Cast iron part PE Cast iron part [Metal parts] 3750 kg VCE PE-GaBi 

2 RER: Steel hot rolled coil ELCD/Eurofer Steel hot rolled coil [Metals] 700 kg VCE ELCD/Eurofer 

3 RER: Steel plate worldsteel Steel plate [Metals] 2500 kg VCE WorldSteel 

6  Muffler/EATS system 
 

        

1 RER: Brass (CuZn39Pb3) PE Brass [Metals] 0,019932 kg VGTT PE-GaBi 

2 DE: Cast iron part PE Cast iron [Metals] 0,003432 kg VGTT PE-GaBi 

3 Copper production (40% recycled, Ecoinvent) Copper [Metals] 0,027291 kg VGTT Ecoinvent 

4 No data set available cordierite [Minerals] 11,22 kg VGTT Virgin Flow 

5 World: Engineering Steel EAF  worldsteel Engineering steel [Metals] 0,008085 kg VGTT WorldSteel 

6 CN: Lanthanum PE Lanthanum [Metals] 0,02757 kg VGTT PE-GaBi 

7 
DE: Polybutylene Terephthalate Granulate (PBT) 
Mix PE 

Polybutylene terephthalate granulate (PBTP) 
[Plastics] 0,011022 kg VGTT PE-GaBi 

8 
RER: Polyethylene high density granulate (PE-HD) 
ELCD/PlasticsEurope <p-agg> 

Polyethylene high density granulate (PE HD) 
[Plastics] 0,004125 kg VGTT ELCD/PlasticsEurope  

9 RER: epoxy resin insulator (SiO2), at plant 
RER: epoxy resin insulator (SiO2), at plant 
[monomers] 0,17193 kg VGTT Ecoinvent 

10 RER: glass fibre, at plant RER: glass fibre, at plant [construction] 0,61578 kg VGTT Ecoinvent 

11 GLO: Palladium mix PE RER: palladium, at regional storage [Benefication] 0,001394 kg VGTT Ecoinvent 

12 RER: platinum, at regional storage RER: platinum, at regional storage [Benefication] 0,004555 kg VGTT Ecoinvent 

13 RER: silicone product, at plant RER: silicone product, at plant [inorganics] 1,32 kg VGTT Ecoinvent 

14 RER: Stainless steel cold rolled coil (430) Eurofer Stainless steel cold rolled coil (430) [Metals] 17,85557 kg VGTT Eurofer 

15 
RER: Stainless steel white hot rolled coil (304) 
Eurofer Stainless steel white hot rolled coil (304) [Metals] 0,641982 kg VGTT Eurofer 
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16 DE: Steel cold rolled coil PE Steel cold rolled (St) [Metals] 9,24 kg VGTT PE GaBi 

17 GLO: Steel wire rod worldsteel Steel wire rod [Metals] 0,65967 kg VGTT World Steel 

 
7  Misc. Other Parts 

 
        

1 
RER: Acrylonitrile-butadiene-styrene granulate 
(ABS) ELCD/PlasticsEurope <p-agg> 

Acrylonitrile-butadiene-styrene granulate (ABS) 
[Plastics] 63,65 kg VCE 

ELCD/Plastics 
Europe 

2 DE: Cast iron part PE Cast iron part [Metal parts] 318 kg VCE PE-GaBi 

3 CH: bronze, at plant CH: bronze, at plant [Benefication] 33,8 kg VCE Ecoinvent 

4 Copper production (40% recycled, Ecoinvent) Copper [Metals] 17,8 kg VCE Ecoinvent 

5 DE: Ethylene Propylene Diene Elastomer (EPDM) PE 
Ethylene propylene diene elastomer (EPDM) 
[Plastics] 7,6 kg VCE PE-GaBi 

6 
RER: Polyvinylchloride granulate (Suspension, S-
PVC) ELCD/PlasticsEurope <p-agg> Polyvinylchloride granulate (PVC) [Plastics] 63,65 kg VCE 

ELCD/Plastics 
Europe 

8 RER: Steel hot rolled coil ELCD/Eurofer Steel hot rolled coil [Metals] 25,46 kg VCE ELCD/Eurofer 

9 RER: Steel plate worldsteel Steel plate [Metals] 636 kg VCE World Steel 

10 GLO: Steel rebar worldsteel Steel rebar [Metals] 25,4 kg VCE WorldSteel 

11 DE: Steel wire rod PE <p-agg> Steel wire [Metals] 25,46 kg VCE PE-GaBi 

SR   Energy Flows Calculated (GaBi) Qty Unit  Origin Data Source 

    Energy Flows         

    Non Renewable Energy Resources         

1   Crude oil (resource) 4783,489 Kg Calculated GaBi5 PE 

2   Hard coal (resource) 10364 Kg Calculated GaBi5 PE 

3   Lignite (resource) 9976,84 Kg Calculated GaBi5 PE 

4   Natural gas (resource) 3115,982 Kg Calculated GaBi5 PE 

5   Peat (ressource) 6,840286 Kg Calculated GaBi5 PE 



80 
 

6   Uranium (resource) 0,296344 Kg Calculated GaBi5 PE 

    Renewable Energy Resources         

1   Primary forest 0,170744 Kg Calculated GaBi5 PE 

2   Renewable fuels 0,157741 Kg Calculated GaBi5 PE 

3   Wood (BUWAL) 0,001673 Kg Calculated GaBi5 PE 

    Total  28247,78       

 

Table 9-2 Production Phase L150G 

SR Data set (GaBi) Material and Energy Flows (GaBi) Qty Unit Origin DataSource 

   CAB 
 

        

1 CH: tap water, at user Water cooling [Water] 15299,39 kg VGTT Ecoinvent 

2 RER: Process water PE 
Water (desalinated; deionised) [Operating 
materials] 1807,69 kg VGTT PE-GaBi 

3 SE: Process steam from heavy fuel oil (HFO) 85% PE Steam (MJ) [steam] 14,70 MJ VGTT PE-GaBi 

4 GLO: solvents, organic, unspecified, at plant Solvent [Operating materials] 0,74 kg VGTT Ecoinvent 

5 
EU-27: Waste incineration of untreated wood (10,7% 
water content) ELCD/CEWEP <p-agg> 

Process steam from waste incineration [Thermal 
energy] 280,28 MJ VGTT ELCD/CEWEP 

6 
EU-27: Process steam from natural gas (Version 
2006) PE-GaBi Process steam from natural gas [Thermal energy] 221,00 MJ VGTT PE-GaBi 

7 SE: Natural gas mix PE 
Natural gas, at consumer Sweden [Natural gas, at 
consumer] 4,69 kg VGTT PE-GaBi 

8 SE: Electricity from hydro power PE Electricity [Electric power] 699,00 MJ VGTT PE-GaBi 

9 District heating Uppsala District heating [Non renewable energy resources] 14,76 MJ VGTT PE-GaBi 

10 EU-27: Diesel mix at refinery PE Diesel [Refinery products] 0,34 kg VGTT PE-GaBi 

    Axels and Transmission         

1 EU-27: Diesel mix at refinery PE Diesel [Refinery products] 28,00 kg VGTT PE-GaBi 

2 District heating Uppsala District heating [Non renewable energy resources] 186,00 MJ VGTT PE-GaBi 

3 SE: Natural gas mix PE Natural gas, at consumer Sweden [Natural gas] 1276,00 kg VGTT PE-GaBi 
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4 
EU-27: Process steam from natural gas (Version 
2006) PE-GaBi Process steam from natural gas [Thermal energy] 1276,00 MJ VGTT PE-GaBi 

5 
EU-27: Waste incineration of municipal solid waste 
(MSW) ELCD/CEWEP 

Process steam from waste incineration [Thermal 
energy] 3528,00 MJ VGTT ELCD/CEWEP 

6 
SE: electricity, hydropower, at pumped storage 
power plant 

SE: electricity, hydropower, at pumped storage 
power plant [power plants] 7628,00 MJ VGTT PE-GaBi 

7 GLO: solvents, organic, unspecified, at plant Solvent [Operating materials] 0,90 kg VGTT Ecoinvent 

8 SE: Process steam from heavy fuel oil (HFO) 85% PE Steam (MJ) [steam] 1209,60 MJ VGTT PE-GaBi 

9 
GLO: Waste water treatment (metal processing) PE 
<u-so> Water (process water) [Operating materials] 40397,00 kg VGTT PE-GaBi 

   Assembly 
 

        

1 RER: Process water PE Water (process water) [Operating materials] 5327,69 kg VGTT PE-GaBi 

2 SE: Process steam from heavy fuel oil (HFO) 85% PE Steam (MJ) [steam] 1503,60 MJ VGTT PE-GaBi 

3 GLO: solvents, organic, unspecified, at plant Solvent [Operating materials] 1,29 kg VGTT Ecoinvent 

4 
SE: electricity, hydropower, at pumped storage 
power plant 

SE: electricity, hydropower, at pumped storage 
power plant [power plants] 1917,51 MJ VGTT PE-GaBi 

5 
EU-27: Waste incineration of untreated wood (10,7% 
water content) ELCD/CEWEP <p-agg> 

Process steam from waste incineration [Thermal 
energy] 6528,24 MJ VGTT ELCD/CEWEP 

6 
EU-27: Process steam from natural gas (Version 
2006) PE-GaBi Process steam from natural gas [Thermal energy] 499,00 MJ VGTT PE-GaBi 

7 SE: Natural gas mix PE 
Natural gas, at consumer Sweden [Natural gas, at 
consumer] 10,58 kg VGTT PE-GaBi 

8 District heating Uppsala District heating [Non renewable energy resources] 669,40 MJ VGTT PE-GaBi 

9 EU-27: Diesel mix at refinery PE Diesel [Refinery products] 35,20 kg VGTT PE-GaBi 

   Engine Production 
 

        

1 RER: Process water PE Water (process water) [Operating materials] 5410,00 kg VGTT PE-GaBi 

2 SE: Process steam from heavy fuel oil (HFO) 85% PE Steam (MJ) [steam] 1010,00 MJ VGTT PE-GaBi 

3 
SE: electricity, hydropower, at pumped storage 
power plant 

SE: electricity, hydropower, at pumped storage 
power plant [power plants] 6912,00 MJ VGTT PE-GaBi 
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4 RER: propane/ butane, at refinery Propane [Organic intermediate products] 13,43 kg VGTT PE-GaBi 

5 
EU-27: Waste incineration of untreated wood (10,7% 
water content) ELCD/CEWEP <p-agg> 

Process steam from waste incineration [Thermal 
energy] 432,00 MJ VGTT ELCD/CEWEP 

6 
EU-27: Process steam from natural gas (Version 
2006)  Process steam from natural gas [Thermal energy] 622,93 MJ VGTT PE-GaBi 

7 District heating Uppsala District heating [Non renewable energy resources] 2,20 MJ VGTT PE-GaBi 

8 EU-27: Diesel mix at refinery PE Diesel [Refinery products] 8,96 kg VGTT PE-GaBi 

              

SR   Material & Energy Flows Calculated (GaBi) Qty Unit Origin DataSource 

1   Water 136483,53 kg VGTT PE GaBi 

2   Solvents 5,87 kg VGTT Ecoinvent 

     Non Renewable Resources         

1   Crude oil (resource) 428,97 kg Calculated GaBi5 PE 

2   Hard coal (resource) 320,05 kg Calculated GaBi5 PE 

3   Lignite (resource) 447,14 kg Calculated GaBi5 PE 

4   Natural gas (resource) 1451,61 kg Calculated GaBi5 PE 

5   Peat (ressource) 6,81 kg Calculated GaBi5 PE 

6   Uranium (resource) 0,08 kg Calculated GaBi5 PE 

    Renewable Resources         

1   Primary forest/Renewable Fuels 49,13 kg Calculated GaBi5 PE 

    Total Resources  139193,18       
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Table 9-3 Use and Maintenance Phase L150G:   

SR Data set (GaBi) Material Flow(GaBi) Qty Unit  Origin Data Source 

   Muffler 
 

        

1 Urea, water solution 
Urea, water solution [Organic intermediate 
products] 30000,00 kg VCE Ecoinvent 

   Preventive Maintenance Materials 
 

        

1 DE: Aluminium sheet mix PE Aluminium sheet [Metals] 266,00 kg VCE PE-GaBi 

2 DE: Glass fibres PE Glass fibers [Minerals] 3240,00 kg VCE PE-GaBi 

4 
RER: Polyethylene terephthalate film (PET) 
PlasticsEurope 

Polyethylene terephthalate-film (PET) [Plastic 
parts] 102,20 kg VCE 

ELCD/Plastics 
Europe 

5 RER: heavy fuel oil, at regional storage RER: heavy fuel oil, at regional storage [fuels] 2992,00 kg VCE Ecoinvent 

6 RER: paper, woodfree, uncoated, at regional storage 
RER: paper, woodfree, uncoated, at regional 
storage [graphic paper] 246,00 kg VCE Ecoinvent 

7 RER: refrigerant R134a, at plant RER: refrigerant R134a, at plant [organics] 92,00 kg VCE Ecoinvent 

8 DE: Steel wire rod PE <p-agg> Steel wire rod [Metals] 1800,00 kg VCE PE-GaBi 

9   Styrene-butadiene-rubber (SBR) [Plastics] 6960,00 kg VCE PE-GaBi 

SR   Energy Flows Calculated (GaBi) Qty Unit  Origin Data Source 

    Energy Resources         

    Non Renewable Energy Resources         

1   Crude oil (resource) 450491,00 kg Calculated VCE/GaBi5 PE 

2   Hard coal (resource) 5545,23 kg Calculated GaBi5 PE 

3   Lignite (resource) 5733,71 kg Calculated GaBi5 PE 

4   Natural gas (resource) 44743,23 kg Calculated GaBi5 PE 

5   Peat (ressource) 33,24 kg Calculated GaBi5 PE 

6   Uranium (resource) 0,27 kg Calculated GaBi5 PE 

    Renewable Energy Resources         

1   Primary Forest 0,02 kg Calculated GaBi5 PE 

    Total  506546,78 kg     
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Table 9-4 End of Life Phase L150G: 

SR Materials Out for Recycling and Recovery (GaBi) Qty Unit  Origin Data Source 

1 Acrylonitrile-butadiene-styrene (ABS) [Waste for recovery] 111,00 kg Calculated  

2 Aluminium scrap [Waste for recovery] 276,00 kg Calculated  

3 Chromium Recycled [Benefication] 4,00 kg Calculated  

4 Copper scrap [Metals] 76,00 kg Calculated  

5 Landfill of glass/inert waste [Consumer waste] 733,00 kg Calculated  

6 Lanthanum Scrap [Waste for recovery] 0,02 kg Calculated  

7 Lead batteries [Assemblies] 120,00 kg Calculated  

8 Molybdenum [Waste for recovery] 1,10 kg Calculated  

9 Nylon 6.6 (PA 6.6) [Waste for recovery] 4,00 kg Calculated  

10 Oil recycled [Thermal energy] 31035,00 MJ Calculated  

11 Palladium [Metals] 0,00 kg Calculated  

z12 Platinum [Waste for recovery] 0,00 kg Calculated  

13 Polyethylene terephthalate (PET) [Waste for recovery] 4,22 kg Calculated  

14 Polypropylene (PP) [Waste for recovery] 28,00 kg Calculated  

15 Polyurethane (PU) [Waste for recovery] 26,00 kg Calculated  

16 Polyvinyl chloride (PVC) [Waste for recovery] 77,00 kg Calculated  

17 Stainless Steel Scrap (430, from external supply) (ELCD) [Waste for recovery] 13,00 kg Calculated  

18 Steel recycled [Metals] 19000,00 kg Calculated  

19 Tire [Product model] 2400,00 kg Calculated  

20 
Waste incineration of paper fraction in municipal solid waste (MSW) [Waste 
for recovery] 30,00 kg Calculated  

21 Waste incineration of plastics (PE, PP, PS, PB) [Waste for recovery] 45,00 kg Calculated  

22 Water (waste water, untreated) [Production residues in life cycle] 128,00 kg Calculated  
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SR Energy Flows Calculated (GaBi) Qty Unit Origin Data Source 

  Non Renewable Energy Resources Avoided     
 

  

1 Crude oil (resource) -1868,38 kg Calculated GaBi5 PE 

2 Hard coal (resource) -6803,59 kg Calculated GaBi5 PE 

3 Lignite (resource) -8089,47 kg Calculated GaBi5 PE 

4 Natural gas (resource) -771,09 kg Calculated GaBi5 PE 

5 Peat (ressource) -4,94 kg Calculated GaBi5 PE 

6 Uranium (resource) -0,21 kg Calculated GaBi5 PE 

  Renewable Energy Resources Avoided     
 

  

1 Forest and other Renewable fuels  -0,12 kg Calculated GaBi5 PE 

  Total  -17537,81   Calculated   

 

Due to confidential issues, processes and flows model data of the hybrid wheel loader concept is removed from this public version. 
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9.2. Appendix B. LCI Inputs and Outputs Data 

 

Table 9-5 Life Cycle Inventory of Wheel Loader L150G: Inputs and Outputs 

Conventional Wheel 
Loader/kg 

L150G Total 
Raw 
Materials  

L150G 
Total 
Production  

L150G 
Total use 
phase 

L150G End 
of Life 

Total / kg 

INPUT: Material resources           

Water 69813291.8 7552917.2 27369635 -1459703.42 55288739 

Air 222920.633 50072.109 432433 -176347.893 529077.89 

Inert rock 171265.608 6265.1524 134235 -158524.497 153241.23 

Carbon dioxide 3570.98394 591.88495 67773.43 -3029.63791 68906.659 

Potashsalt, crude (hard salt, 
10% K2O) 

0.06462788 2.8744126 14268.63 -0.85561317 14270.711 

Limestone (calcium 
carbonate) 

2118.78786 90.206906 6891.636 325.959719 9426.5905 

Soil 1568.42683 44.466357 2749.412 0 3475.0579 

Natural Aggregate 0 258.65588 1299.645 2403.26887 2997.1392 

Bauxite 1164.53264 0 1342.589 -37.401455 2462.5086 

Quartz sand (silica sand; 
silicon dioxide) 

4336.21146 13.08391 1658.242 -3745.65318 2261.8844 

Sodium chloride (rock salt) 277.113426 321.8956 1063.614 -17.7210319 1644.902 

Kaolin ore 281.959936 -0.731879 1356.896 -0.5438147 1637.5802 

Iron ore (56,86%) 9740.6506 0 183.6657 -8292.97458 1455.4919 

Iron 360.910018 5.8521624 2623.439 -1651.41277 1338.7882 

Clay 330.546561 40.989165 655.8441 64.4471465 1091.827 

Colemanite ore 156.982229 0.0154433 755.7389 -0.20571472 912.53081 

Bentonite 8.4808345 1.2674445 550.9126 0 556.1801 

Phosphorus 0.10942209 -0.007929 386.8511 -0.08114644 386.87146 

Fluorspar (calcium fluoride; 
fluorite) 

17.8400596 0.0577311 181.5893 -0.86364061 198.62344 

Dolomite 379.238157 -3.875971 0.752207 -185.475865 190.63853 

Copper - Gold - Silver - ore 
(1,0% Cu; 0,4 g/t Au; 66 g/t 
Ag) 

0.0075148 -21.45806 168.0425 30.2146437 176.80663 

Copper - Gold - Silver - ore 
(1,1% Cu; 0,01 g/t Au; 2,86 
g/t Ag) 

5.33822594 -13.38486 102.3689 14.5125074 108.83473 

Peat ecoinvent 1.15491913 87.99781 0.844165 -0.00237791 89.994516 

Magnesium chloride leach 
(40%) 

15.8635925 3.5977199 47.15679 0.6592158 67.277318 

Copper - Gold - Silver - ore 
(1,16% Cu; 0,002 g/t Au; 1,06 
g/t Ag) 

3.01314699 -7.555049 57.78182 8.19154502 61.431467 

Nitrogen 23.4911727 0.0528708 27.15621 -0.00158181 50.698668 

Zinc - copper ore 0.13185508 0 40.61599 7.06617993 42.185837 
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Manganese 123.825158 0.0630226 30.3155 -115.814605 38.389075 

Stone from mountains 4.35520975 4.8553919 28.63407 -0.51577266 37.328899 

Kaolinite (24% in ore as 
mined) 

0.05935774 0.0035524 37.06596 -0.0155667 37.113305 

Zinc - lead - copper ore (12%-
3%-2%) 

1.48015108 0 30.13075 4.2132487 31.813014 

Barium sulphate 2.4837348 0.4419949 28.25402 -0.060008 31.119745 

Copper 57.0060679 0.2222324 8.341923 -38.8325542 26.73767 

Nickel 5.35880328 0.693407 15.98725 -0.96631804 21.073144 

Manganese ore (R.O.M.) 76.925643 -1.748733 -0.13845 -54.4182688 20.620193 

Copper ore (1.2%) 0.00077929 -2.225224 17.42619 3.13329042 18.335034 

Sand 0.37182606 0.0130128 17.90078 -0.00126409 18.284356 

Gypsum (natural gypsum) 0 0.8814887 19.76073 17.8119396 13.344646 

Tin ore 12.870516 2.73E-05 0.000309 -0.00046046 12.870392 

Aluminium 4.34839996 0.2911589 8.061959 -2.1553562 10.546162 

Chromium 11.9594627 0.404857 5.287009 -8.1932722 9.4580562 

Oxygen 0 15.479675 7.999225 42.4118715 9.3355946 

Lead 10.9279198 0.0107901 6.972089 -9.04613818 8.8646602 

Zinc - Lead - Silver - Ore 
(7,5% Zn; 4,0% Pb; 40,8 g/t 
Ag) 

0.41981166 0 10.0462 0.9155864 8.2129707 

Zinc 4.77668011 0.0392565 4.705453 -1.51444886 8.0069406 

Basalt 2.17831941 0 3.672679 -0.72514621 4.9472011 

Lead - zinc ore (4.6%-0.6%) 0.21027782 0 4.82613 0.39147335 4.5666846 

Lead - Zinc - Silver - ore 
(5,49% Pb; 12,15% Zn; 57,4 
gpt Ag) 

0.1380348 0 3.683785 0.33856339 3.0951938 

Magnesit (Magnesium 
carbonate) 

0.66662656 0.0811425 1.848024 0 2.5907901 

Talc 2.31707176 0.0003231 0.215594 0 2.53116 

Tin 2.07216242 0.0006139 0.023903 -2.01E-05 2.0966589 

Nickel ore (1,5%) 6.55079441 -0.265607 -2.20E-07 -4.82831469 1.4568723 

Sulphur 1.11809451 0.1075139 0.14798 -0.00478073 1.3688078 

Titanium dioxide 0.44077814 0.0196605 0.873896 -0.32682464 1.0075103 

Rare-earth metals 2.54623066 0 0 -1.56249129 0.9774174 

Potassium chloride 0.81272032 0.0001444 0.000112 1.13E-05 0.8129885 

Molybdenum 3.35053325 0 0.13466 -2.74132351 0.743444 

Kieserite (25% in ore as 
mined) 

0.00019669 3.56E-05 0.706277 -3.79E-05 0.7064719 

Sodium sulphate 0.20347056 0.0052699 0.465563 -0.16210201 0.5122012 

Copper ore (0.14%) 0.05384944 -0.146852 0.495334 0.02627638 0.4286075 

Ilmenite (titanium ore) 1.31157338 -0.020313 0.074925 -0.93900258 0.4271823 

Sylvite (25% in Sylvinite) 0.09728058 0.000962 0.269511 -0.00040277 0.3673504 

Copper - Gold - Silver - ore 
(1,13% Cu; 1,05 g/t Au; 3,72 
g/t Ag) 

1.06824523 0 0 -0.77986181 0.2257045 

Tantalum 0.28526798 0.0152132 0.172353 -0.25450894 0.2183254 
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Fluorine 0.08959798 0.0009952 0.076319 -0.02928457 0.1376272 

Magnesium 0.13213374 8.12E-06 0.000154 -9.08E-07 0.1322948 

Nickel ore (1.6%) 2.82952049 -0.049179 -0.51058 -2.1636125 0.106148 

Carbon, in organic matter, in 
soil 

0.00150537 8.26E-05 0.062848 -0.00016544 0.0642701 

Phosphorus ore (29% P2O5) 0.30013802 -0.041548 2.56E-08 -0.19837787 0.0602119 

Cobalt 0.0387001 4.44E-07 8.03E-06 -4.25E-06 0.0387043 

Silver 0.03430069 1.43E-05 0.003501 5.38E-05 0.0378699 

Metamorphic stone, 
containing graphite 

0.02725027 0.0003879 0.011343 -0.00211083 0.0368701 

Slate 0.02971536 6.60E-05 0.002893 -9.96E-06 0.0326642 

Copper - Gold - Silver - ore 
(0,51% Cu; 0,6 g/t Au; 1,5 g/t 
Ag) 

0.09909668 0 0 -0.07234455 0.0209377 

Copper - Molybdenum - Gold 
- Silver - ore  (1,13% Cu; 
0,02% Mo; 0,01 g/t Au; 2,86 
g/t Ag) 

0.01777981 0 0.004709 -0.00338469 0.0188966 

Copper - Gold - Silver - ore 
(1,7% Cu; 0,7 g/t Au; 3,5 g/t 
Ag) 

0.08046867 0 0 -0.05874535 0.0170018 

Ulexite 0.01507615 0.0003145 0.000848 -2.03E-05 0.0162183 

Precious metal ore (R.O.M) 0.07052629 -0.002851 0.00015 -0.05180697 0.0160181 

TiO2, 54% in ilmenite, 2.6% 0 0 0.00211 0.01319832 0.0153081 

Feldspar (aluminium 
silicates) 

0.01429538 8.31E-07 2.93E-06 -3.99E-08 0.0142991 

Copper - Silver - ore (3,3% 
Cu; 5,5 g/t Ag) 

0.0556191 0 0 -0.04060417 0.0117515 

Molybdenite (Mo 0,24%) 0.0108732 0 0.002902 -0.00207335 0.0115704 

Raw pumice 0.02413597 0.0022796 0.003311 -0.01905675 0.0106699 

Titanium 0.00026921 0.0002749 0.008578 -0.00022428 0.0088981 

Copper - Gold - Ore (1,07% 
Cu; 0,54 g/t Au) 

0.03439715 0 0 -0.02511129 0.0072676 

Zinc - Lead - Silver - ore 
(8,54% Zn; 5,48% Pb; 94 g/t 
Ag) 

0.03020809 0 0 -0.02205312 0.0063825 

Chrysotile 0.00053127 0.0014389 0.001711 0.00011743 0.0037981 

Vermiculite 0.0005877 0.0029934 0.000101 -3.45E-06 0.0036782 

Gold 0.01363737 9.44E-06 0.000566 -0.01076198 0.0034505 

Chromium ore (39%) 0 0.000979 0.000169 0.02287158 0.0031018 

Diatomite 2.36E-07 1.19E-07 0.00281 -1.55E-09 0.0028109 

Phosphate ore 0.00270399 2.37E-06 -1.86E-06 -1.25E-05 0.002692 

Platinum 0.00689851 3.17E-07 8.93E-07 -0.00453434 0.0023654 

Olivine 0.00115659 6.36E-05 0.000985 -1.09E-05 0.0021938 

Bromine 1.27E-05 4.29E-07 0.001529 -3.49E-06 0.0015392 

Potato (t100) 0.00118297 0 0 0 0.001183 

Rutile (titanium ore) 0.00117414 8.98E-32 2.72E-31 -1.63E-32 0.0011741 
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Tellurium 0.00098158 1.19E-06 7.36E-05 1.35E-07 0.0010565 

Cadmium ore 0.00017817 2.02E-05 0.000778 -2.67E-05 0.0009501 

Zirconium 4.24E-05 1.20E-05 0.000746 1.43E-06 0.0008016 

Cryptonite 0.0007497 0 0 0 0.0007497 

Silicon 0.00074096 1.52E-05 0.000347 -0.00066074 0.0004424 

Ruthenium 0.00042425 2.86E-09 3.01E-08 -4.58E-08 0.0004242 

Cinnabar 0.00011108 0.0001324 0.000158 1.08E-05 0.000412 

Mercury 0.00026861 0.0001421 2.83E-07 -4.01E-06 0.000407 

Iodine 2.80E-06 9.86E-08 0.000334 -7.65E-07 0.0003365 

Manganese ore 0.00054974 0 1.19E-05 -0.00023413 0.0003269 

Antimonite 2.46E-08 1.24E-08 0.000292 -1.61E-10 0.0002921 

Borax 0.00011774 1.74E-05 8.60E-05 -1.66E-06 0.0002195 

Rhodium 0.00021513 2.92E-08 5.41E-07 -2.50E-08 0.0002157 

Ferro manganese 8.97E-05 5.39E-06 3.65E-05 -9.32E-07 0.0001307 

Osmium 8.74E-05 5.90E-10 6.20E-09 -9.44E-09 8.74E-05 

Iridium 7.17E-05 4.83E-10 5.08E-09 -7.74E-09 7.17E-05 

Phosphorus minerals 0 1.33E-05 5.77E-07 0.00030836 6.00E-05 

Cadmium 0 0 2.58E-05 2.93E-05 5.51E-05 

Sulphur (bonded) 4.85E-05 6.39E-07 1.62E-06 -2.54E-07 5.05E-05 

Palladium 0.00127121 1.10E-06 3.95E-05 -0.00128472 2.71E-05 

Indium 4.39E-06 3.91E-07 1.40E-05 2.32E-08 1.88E-05 

Lithium 5.48E-08 1.60E-09 7.18E-06 -1.63E-08 7.22E-06 

Antimony 3.23E-06 1.72E-07 1.94E-06 -2.88E-06 2.46E-06 

Granite 1.58E-06 7.65E-10 2.00E-08 -7.50E-10 1.60E-06 

Calcium chloride 6.79E-09 2.51E-08 8.39E-07 -2.13E-09 8.69E-07 

Rhenium 1.26E-08 7.22E-09 1.41E-07 -3.21E-10 1.60E-07 

Sodium nitrate 5.43E-08 4.07E-10 1.40E-08 -1.77E-10 6.86E-08 

TiO2, 95% in rutile, 0.40% 0 0 1.99E-08 3.02E-08 5.02E-08 

Gallium 2.87E-08 1.09E-09 1.27E-08 -4.66E-10 4.20E-08 

Copper ore (sulphidic, 1.1%) 0 9.61E-09 2.21E-10 2.25E-07 3.98E-08 

Zinc - lead ore (4.21%-4.96%) 0 2.77E-12 6.36E-14 6.46E-11 4.59E-11 

Copper ore (4%) 0 8.10E-12 1.86E-13 1.89E-10 3.14E-11 

Copper ore (0.3%) 1.33E-15 0 0 0 1.33E-15 

Lanthanides 0 0 2.63E-17 4.21E-17 6.84E-17 

Samarium 0 0 0 2.82E-20 2.82E-20 

Praseodymium 0 0 0 2.74E-20 2.74E-20 

Gadolinium, 0.15% in 
bastnasite, 0.015% 

0 0 0 4.75E-21 4.75E-21 

Chalk (Calciumcarbonate) 4.77E-29 6.25E-32 1.90E-31 -1.14E-32 4.80E-29 

INPUT:Energy Resources           

Non Renewable Resources           

Crude oil (resource) 4783,5 428.97 450490,98 -1868,38 
 

Hard coal (resource) 10364 320.05 5545,22 -6803,59 
 

Lignite (resource) 9976,85 447.14 5733,71 -8089,47 
 

Natural gas (resource) 3115,99 1451.61 44743,23 -771,09 
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Peat (ressource) 68,418 6.81 33,23 -4,94 
 

Uranium (resource) 0,2963 0.08 0,26 -0,21 
 

Renewable Resources           

Primary forest 0,18 49.13 0,016 -0,12 
  
49.13 

Renewable fuels 0,16 0 0,088 0  0,248  

Wood (BUWAL) 0,0017 0 0  0  0,0017 

OUTPUT:            

Inorganic Emissions to Air            

Ammonia 0.87 0.21 197.79 -0.3 197.7 

Carbon dioxide 60 894,31 4055.63 1458168 -38098.97 1424125 

Carbon dioxide (biotic) 3381.49 5602.46 3535.7 -3056.14 6082.02 

Carbon monoxide 223.7 0.78 322.27 -181.42 141.63 

Nitrogen oxides 86.85 6.1 752.52 -40.99 717.63 

Phosphorus 4.84E-04 1.29E-03 8.74E-04 1.03E-05 0.0021743 

Sulphur dioxide 129.92 6.51 869.41 -43.95 831.97 

Organic Emissions to Air         0 

Group NMVOC to air 20.39 1.19 508.85 -5.68 504.36 

Methane 122.74 22.45 1774.37 -59.12 1737.7 

Particles to air 72.95       0 

Dust (> PM10) 8.99 0.89 9.6 -4.71 5.78 

Dust (PM10) 2.72 0.03 0.34 -1.8 -1.43 

Dust (PM2,5 - PM10) 8.58 0.32 56.37 -0.56 56.13 

Dust (PM2.5) 43.79 0.83 33.07 -39.2 -5.3 

Inorganic Emissions to 
Water 

        0 

Ammonium / ammonia 0.23 1.51E-01 3.91 -4.81E-02 4.0129 

Nitrate 2.62 0.37 318.07 -1.82 316.62 

Phosphate 10.97 1.04E-01 6.41 -0.79 5.724 

Sulphate 178.96 7.2 124.08 -69.12 62.16 

Heavy Metals to Water         0 

Chromium (+VI) 9.74E-03 5.03E-04 9.41E-03 -4.22E-03 0.005693 

Copper (+II) 2.48E-02 4.34E-04 0.2 -7.19E-03 0.193244 

Lead (+II) 1.13E-02 1.32E-03 9.52E-02 -2.24E-04 0.096296 

Mercury (+II) 1.68E-03 1.07E-04 1.52E-03 -1.45E-04 0.001482 

Nickel (+II) 0.63 0.03 0.42 -4.91E-02 0.4009 

Zinc (+II) 0.19 9.60E-04 9.42E-02 -2.74E-02 0.06776 

 

  

Due to confidential issues, the life cycle inventory data for the hybrid wheel loader concept 

is removed in this public version.  
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9.3. Appendix C. LCIA Impact categpries Data 

Table 9-6 Global Warming Potential (relative to CO2) 

Flow 

1kg CO2-
Equiv.=*kg 
[Flow] Unit 

1kg[Flow]=*kg 
CO2  

1,1,1-Trichloroethane [Halogenated organic emissions to air] 0,006849315 kg 146 

Carbon dioxide [Renewable resources] 1 kg 1 

Carbon dioxide [Inorganic emissions to air] 1 kg 1 

Carbon dioxide (biotic) [Inorganic emissions to air] 1 kg 1 

Carbon dioxide (biotic) [Inorganic emissions to air] 1 kg 1 

Carbon dioxide, land transformation [Inorganic emissions to air] 1 kg 1 

Carbon tetrachloride (tetrachloromethane) [Halogenated organic 
emissions to air] 0,000714286 kg 1400 

Chloromethane (methyl chloride) [Halogenated organic emissions to air] 0,076923077 kg 13 

Dichloromethane (methylene chloride) [Halogenated organic emissions to 
air] 0,114942529 kg 8,7 

Halon (1211) [Halogenated organic emissions to air] 0,000529101 kg 1890 

Halon (1301) [Halogenated organic emissions to air] 0,000140056 kg 7140 

HBFC-2402 (Halon-2402) [Halogenated organic emissions to air] 0,000609756 kg 1640 

Hexafluoropropylene (HFP) [Halogenated organic emissions to air] 4 kg 0,25 

HFE 7100 [Halogenated organic emissions to air] 0,003367003 kg 297 

Hydrocarbons (unspecified) [Organic emissions to air (group VOC)] 0,133333333 kg 7,5 

Methane [Organic emissions to air (group VOC)] 0,04 kg 25 

Methane (biotic) [Organic emissions to air (group VOC)] 0,04 kg 25 

Methyl bromide [Halogenated organic emissions to air] 0,2 kg 5 

Nitrogentriflouride [Inorganic emissions to air] 5,81E-05 kg 17200 

Nitrous oxide (laughing gas) [Inorganic emissions to air] 0,003355705 kg 298 

Perfluoro-2-methylbutane [Halogenated organic emissions to air] 0,00010917 kg 9160 

Perfluorobutane [Halogenated organic emissions to air] 0,000112867 kg 8860 

Perfluorocyclobutane [Halogenated organic emissions to air] 9,71E-05 kg 10300 

Perfluorodecalin [Halogenated organic emissions to air] 0,000133333 kg 7500 

Perfluorohexane [Halogenated organic emissions to air] 0,000107527 kg 9300 

Perfluoropentane [Halogenated organic emissions to air] 0,00011236 kg 8900 

Perfluoropolyether (unspecified) [Halogenated organic emissions to air] 9,71E-05 kg 10300 

Perfluoropropane [Halogenated organic emissions to air] 0,00011325 kg 8830 

Perfluoropropylvinylether (PPVE) [Halogenated organic emissions to air] 4 kg 0,25 

R 11 (trichlorofluoromethane) [Halogenated organic emissions to air] 0,000210526 kg 4750 

R 113 (trichlorofluoroethane) [Halogenated organic emissions to air] 0,000163132 kg 6130 

R 114 (dichlorotetrafluoroethane) [Halogenated organic emissions to air] 0,0001 kg 10000 

R 115  (chloropentafluoroethane) [Halogenated organic emissions to air] 0,000135685 kg 7370 

R 116 (hexafluoroethane) [Halogenated organic emissions to air] 8,20E-05 kg 12200 

R 12 (dichlorodifluoromethane) [Halogenated organic emissions to air] 9,17E-05 kg 10900 

R 12 (dichlorodifluoromethane) [Halogenated organic emissions to sea 9,43E-05 kg 10600 
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water] 

R 12 (dichlorodifluoromethane) [Halogenated organic emissions to fresh 
water] 9,43E-05 kg 10600 

R 123 (dichlorotrifluoroethane) [Halogenated organic emissions to air] 0,012987013 kg 77 

R 124 (chlorotetrafluoroethane) [Halogenated organic emissions to air] 0,001642036 kg 609 

R 125 (pentafluoroethane) [Halogenated organic emissions to air] 0,000285714 kg 3500 

R 13 (chlorotrifluoromethane) [Halogenated organic emissions to air] 6,94E-05 kg 14400 

R 134 [Halogenated organic emissions to air] 0,000909091 kg 1100 

R 134a (tetrafluoroethane) [Halogenated organic emissions to air] 0,000699301 kg 1430 

R 141b (dichloro-1-fluoroethane) [Halogenated organic emissions to air] 0,00137931 kg 725 

R 142b (chlorodifluoroethane) [Halogenated organic emissions to air] 0,0004329 kg 2310 

R 143 (trifluoroethane) [Halogenated organic emissions to air] 0,003030303 kg 330 

R 143a (trifluoroethane) [Halogenated organic emissions to air] 0,000223714 kg 4470 

R 152a (difluoroethane) [Halogenated organic emissions to air] 0,008064516 kg 124 

R 22 (chlorodifluoromethane) [Halogenated organic emissions to air] 0,000552486 kg 1810 

R 225ca (dichloropentafluoropropane) [Halogenated organic emissions to 
air] 0,008196721 kg 122 

R 225cb (dichloropentafluoropentane) [Halogenated organic emissions to 
air] 0,001680672 kg 595 

R 227ea (septifluoropropane) [Halogenated organic emissions to air] 0,000310559 kg 3220 

R 23 (trifluoromethane) [Halogenated organic emissions to air] 6,76E-05 kg 14800 

R 235da2 [Halogenated organic emissions to air] 0,002857143 kg 350 

R 236fa (hexafluoropropane) [Halogenated organic emissions to air] 0,000101937 kg 9810 

R 245ca (pentafluoropropane) [Halogenated organic emissions to air] 0,0015625 kg 640 

R 245fa [Halogenated organic emissions to air] 0,000970874 kg 1030 

R 41 [Halogenated organic emissions to air] 0,010309278 kg 97 

R 43-10 (decafluoropentane) [Halogenated organic emissions to air] 0,000609756 kg 1640 

R E125 [Halogenated organic emissions to air] 6,71E-05 kg 14900 

R E134 [Halogenated organic emissions to air] 0,000158228 kg 6320 

R E143a [Halogenated organic emissions to air] 0,001322751 kg 756 

R E236ca12 (HG-10) [Halogenated organic emissions to air] 0,000357143 kg 2800 

R E245cb2 [Halogenated organic emissions to air] 0,001412429 kg 708 

R E245fa2 [Halogenated organic emissions to air] 0,001517451 kg 659 

R E254cb2 [Halogenated organic emissions to air] 0,002785515 kg 359 

R E338pcc13 (HG-01) [Halogenated organic emissions to air] 0,000666667 kg 1500 

R E347mcc3 [Halogenated organic emissions to air] 0,00173913 kg 575 

R E347pcf2 [Halogenated organic emissions to air] 0,001724138 kg 580 

R E356pcc3 [Halogenated organic emissions to air] 0,009090909 kg 110 

R E43-10pccc124 (H-Galden1040x) [Halogenated organic emissions to air] 0,000534759 kg 1870 

R E569sf2 [Halogenated organic emissions to air] 0,016949153 kg 59 

R32 (difluoromethane) [Halogenated organic emissions to air] 0,001481481 kg 675 

Sulphur hexafluoride [Inorganic emissions to air] 4,39E-05 kg 22800 

Tetrafluoroethylene (TFE) [Halogenated organic emissions to air] 47,61904762 kg 0,021 

Tetrafluoromethane [Halogenated organic emissions to air] 0,000135318 kg 7390 

Trichloromethane (chloroform) [Halogenated organic emissions to air] 0,033333333 kg 30 
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Table 9-7 Abiotic Resource Depletion (kg Sbeqv/kg) 

Flow 
1kg Sb-
Equiv.=*kg[Flow] Unit 1kg[Flow]=*kgSb 

Actinium [Non renewable elements] 0 kg 0 

Aluminium [Non renewable elements] 917431192,7 kg 1,09E-09 

Anhydrite (Rock) [Non renewable resources] 0 kg 0 

Antimonite [Non renewable resources] 1,393246212 kg 0,7177482 

Antimony [Non renewable elements] 1 kg 1 

Antimony - gold - ore (0.09%) [Non renewable resources] 108,4913347 kg 0,0092173 

Argon [Non renewable elements] 0 kg 0 

Arsenic [Non renewable elements] 336,1924258 kg 0,0029745 

Barium [Non renewable elements] 165562,9139 kg 6,04E-06 

Barium sulphate [Non renewable resources] 33333,33333 kg 3,00E-05 

Basalt [Non renewable resources] 0 kg 0 

Bauxite [Non renewable resources] 2638522427 kg 3,79E-10 

Bentonit clay [Non renewable resources] 0 kg 0 

Bentonite [Non renewable resources] 0 kg 0 

Beryllium [Non renewable elements] 79426,85581 kg 1,26E-05 

Bismuth [Non renewable elements] 24,34504584 kg 0,0410761 

Borax [Non renewable resources] 1860,209632 kg 0,0005376 

Boron [Non renewable elements] 234,1014671 kg 0,0042717 

Bromine [Non renewable elements] 227,6854071 kg 0,004392 

Cadmium [Non renewable elements] 6,386615167 kg 0,1565775 

Cadmium ore [Non renewable resources] 636,9426752 kg 0,00157 

Calcium [Non renewable elements] 0 kg 0 

Calcium chloride [Non renewable resources] 57614,97067 kg 1,74E-05 

Cerium [Non renewable elements] 0 kg 0 

Cesium [Non renewable elements] 0 kg 0 

Chalk (Calciumcarbonate) [Non renewable resources] 0 kg 0 

Chlorine [Non renewable elements] 36852,77317 kg 2,71E-05 

Chromium [Non renewable elements] 2258,82523 kg 0,0004427 

Chromium ore (39%) [Non renewable resources] 5780,346821 kg 0,000173 

Chromium ore (Cr2O3 30%) [Non renewable resources] 11299,43503 kg 8,85E-05 

Chromium ore (Cr2O3 40%) [Non renewable resources] 7518,796992 kg 0,000133 

Chrysotile [Non renewable resources] 1821493625 kg 5,49E-10 

Cinnabar [Non renewable resources] 12,56281407 kg 0,0796 

Clay [Non renewable resources] 0 kg 0 

Cobalt [Non renewable elements] 63742,17565 kg 1,57E-05 

Trifluoromethyl sulphur pentafluoride [Inorganic emissions to air] 5,65E-05 kg 17700 

VOC (unspecified) [Organic emissions to air (group VOC)] 0,133333333 kg 7,5 

VOC (unspecified) [Hydrocarbons to sea water] 0,133333333 kg 7,5 

VOC (unspecified) [Hydrocarbons to fresh water] 0,133333333 kg 7,5 
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Cobalt ore (0,04%) [Non renewable resources] 159744408,9 kg 6,26E-09 

Cobalt ore (0.067%) [Non renewable resources] 95432861,89 kg 1,05E-08 

Colemanite ore [Non renewable resources] 1461,360176 kg 0,0006843 

Copper [Non renewable elements] 732,1056897 kg 0,0013659 

Copper - Gold - Ore (1,07% Cu; 0,54 g/t Au) [Non renewable 
resources] 23409,17125 kg 4,27E-05 

Copper - Gold - Silver - ore (0,51% Cu; 0,6 g/t Au; 1,5 g/t Ag) [Non 
renewable resources] 25020,20381 kg 4,00E-05 

Copper - Gold - Silver - ore (1,0% Cu; 0,4 g/t Au; 66 g/t Ag) [Non 
renewable resources] 8879,496355 kg 0,0001126 

Copper - Gold - Silver - ore (1,1% Cu; 0,01 g/t Au; 2,86 g/t Ag) [Non 
renewable resources] 52821,17918 kg 1,89E-05 

Copper - Gold - Silver - ore (1,13% Cu; 1,05 g/t Au; 3,72 g/t Ag) 
[Non renewable resources] 13425,70216 kg 7,45E-05 

Copper - Gold - Silver - ore (1,16% Cu; 0,002 g/t Au; 1,06 g/t Ag) 
[Non renewable resources] 58126,69294 kg 1,72E-05 

Copper - Gold - Silver - ore (1,7% Cu; 0,7 g/t Au; 3,5 g/t Ag) [Non 
renewable resources] 9892,175289 kg 0,0001011 

Copper - Molybdenum - Gold - Silver - ore  (1,13% Cu; 0,02% Mo; 
0,01 g/t Au; 2,86 g/t Ag) [Non renewable resources] 191,3280559 kg 0,0052266 

Copper - Silver - ore (3,3% Cu; 5,5 g/t Ag) [Non renewable 
resources] 19384,61598 kg 5,16E-05 

Copper ore (0.14%) [Non renewable resources] 457565,3861 kg 2,19E-06 

Copper ore (0.2%) [Non renewable resources] 366052,3089 kg 2,73E-06 

Copper ore (0.3%) [Non renewable resources] 244035,1703 kg 4,10E-06 

Copper ore (1 %) [Non renewable resources] 72992,70073 kg 1,37E-05 

Copper ore (1.2%) [Non renewable resources] 61008,71815 kg 1,64E-05 

Copper ore (1.3 %) [Non renewable resources] 57195,80412 kg 1,75E-05 

Copper ore (2%) [Non renewable resources] 36605,23089 kg 2,73E-05 

Copper ore (4%) [Non renewable resources] 18302,64894 kg 5,46E-05 

Copper ore (sulphidic, 1.1%) [Non renewable resources] 64742,93816 kg 1,54E-05 

Cryptonite [Non renewable elements] 0 kg 0 

Cyanite [Non renewable resources] 2724795640 kg 3,67E-10 

Diatomite [Non renewable resources] 1,52905E+11 kg 6,54E-12 

Dolomite [Non renewable resources] 3802281369 kg 2,63E-10 

Dysprosium [Non renewable elements] 0 kg 0 

Erbium [Non renewable elements] 0 kg 0 

Europium [Non renewable elements] 0 kg 0 

Feldspar (aluminium silicates) [Non renewable resources] 0 kg 0 

Ferro manganese [Non renewable resources] 769230,7692 kg 1,30E-06 

Fluorine [Non renewable elements] 0 kg 0 

Fluorspar (calcium fluoride; fluorite) [Non renewable resources] 0 kg 0 

Gadolinium [Non renewable elements] 0 kg 0 

Gallium [Non renewable elements] 6849315,068 kg 1,46E-07 

Germanium [Non renewable elements] 1533742,331 kg 6,52E-07 

Gold [Non renewable elements] 0,019215063 kg 52,042504 

Gold deposit (1ppm) [Non renewable resources] 19230,76923 kg 5,20E-05 
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Granite [Non renewable resources] 0 kg 0 

Graphite [Non renewable resources] 0 kg 0 

Gravel [Non renewable resources] 0 kg 0 

Gypsum (natural gypsum) [Non renewable resources] 27873,08825 kg 3,59E-05 

Hafnium [Non renewable elements] 0 kg 0 

Heavy spar (BaSO4) [Non renewable resources] 281690,1408 kg 3,55E-06 

Helium [Non renewable elements] 0 kg 0 

Helium, 0.08% in natural gas [Natural gas (resource)] 0 kg 0 

Holmium [Non renewable elements] 0 kg 0 

Ilmenite (titanium ore) [Non renewable resources] 112866817,2 kg 8,86E-09 

Indium [Non renewable elements] 145,1610351 kg 0,0068889 

Inert rock [Non renewable resources] 0 kg 0 

Iodine [Non renewable elements] 40,05496182 kg 0,0249657 

Iridium [Non renewable elements] 0 kg 0 

Iron [Non renewable elements] 19083969,47 kg 5,24E-08 

Iron ore (56,86%) [Non renewable resources] 33557046,98 kg 2,98E-08 

Iron ore (65%) [Non renewable resources] 29325513,2 kg 3,41E-08 

Kaolin ore [Non renewable resources] 3472222222 kg 2,88E-10 

Kaolinite (24% in ore as mined) [Non renewable resources] 4291845494 kg 2,33E-10 

Kieserite (25% in ore as mined) [Non renewable resources] 0 kg 0 

Lanthanides [Non renewable elements] 0 kg 0 

Lava [Non renewable resources] 0 kg 0 

Lead [Non renewable elements] 157,7718326 kg 0,0063383 

Lead - Zinc - Silver - ore (5,49% Pb; 12,15% Zn; 57,4 gpt Ag) [Non 
renewable resources] 2077,680311 kg 0,0004813 

Lead - zinc ore (4.6%-0.6%) [Non renewable resources] 3392,256835 kg 0,0002948 

Lead ore  (5%) [Non renewable resources] 3154,574132 kg 0,000317 

Lead ore (5%) [Non renewable resources] 3154,574132 kg 0,000317 

Limestone (calcium carbonate) [Non renewable resources] 0 kg 0 

Lithium [Non renewable elements] 87217,41557 kg 1,15E-05 

Lithium ore (3%) [Non renewable resources] 2906976,744 kg 3,44E-07 

Lutetium [Non renewable elements] 0 kg 0 

Magnesit (Magnesium carbonate) [Non renewable resources] 1732537752 kg 5,77E-10 

Magnesium [Non renewable elements] 495049505 kg 2,02E-09 

Magnesium chloride leach (40%) [Non renewable resources] 123716,748 kg 8,08E-06 

Manganese [Non renewable elements] 393700,7874 kg 2,54E-06 

Manganese ore (43%) [Non renewable resources] 917431,1927 kg 1,09E-06 

Manganese ore (45%) [Non renewable resources] 874003,6359 kg 1,14E-06 

Manganese ore (R.O.M.) [Non renewable resources] 874003,6359 kg 1,14E-06 

Mercury [Non renewable elements] 10,84283198 kg 0,0922268 

Metamorphic stone, containing graphite [Non renewable 
resources] 0 kg 0 

Molybdenid disulfide (Mo 0.21%) [Non renewable resources] 26608,83679 kg 3,76E-05 

Molybdenite (Mo 0,24%) [Non renewable resources] 23282,72445 kg 4,30E-05 

Molybdenum [Non renewable elements] 56,2829153 kg 0,0177674 
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Molybdenum ore (0,1%) [Non renewable resources] 561797,7528 kg 1,78E-06 

Molybdenum ore (0.1%) [Non renewable resources] 56179,77528 kg 1,78E-05 

Natural Aggregate [Non renewable resources] 0 kg 0 

Natural gas (in kg) [Natural gas (resource)] 0 kg 0 

Natural gas (in MJ) [Natural gas (resource)] 0 MJ 0 

Natural pumice [Non renewable resources] 0 kg 0 

Neodymium [Non renewable elements] 0 kg 0 

Neon [Non renewable elements] 0 kg 0 

Nepheline [Non renewable resources] 0 kg 0 

Nickel [Non renewable elements] 15315,27254 kg 6,53E-05 

Nickel ore (1,5%) [Non renewable resources] 1021450,46 kg 9,79E-07 

Nickel ore (1.2%) [Non renewable resources] 1276272,06 kg 7,84E-07 

Nickel ore (1.6%) [Non renewable resources] 957203,4344 kg 1,04E-06 

Nickel ore (2.0%) [Non renewable resources] 765761,2816 kg 1,31E-06 

Nickel ore (2.7%) [Non renewable resources] 567231,0616 kg 1,76E-06 

Niobium [Non renewable elements] 51684,92867 kg 1,93E-05 

Olivine [Non renewable resources] 42200681,12 kg 2,37E-08 

Osmium [Non renewable elements] 0 kg 0 

Palladium [Non renewable elements] 1,75253627 kg 0,5706016 

Palladium deposit (7ppm) [Non renewable resources] 250626,5664 kg 3,99E-06 

Peat (in kg) [Peat (ressource)] 0 kg 0 

Peat ecoinvent [Non renewable resources] 0 kg 0 

Perlite [Non renewable resources] 591810525,9 kg 1,69E-09 

Perlite (Rhyolithe) [Non renewable resources] 591810525,9 kg 1,69E-09 

Phosphate ore [Non renewable resources] 555555,5556 kg 1,80E-06 

Phosphorus [Non renewable elements] 181159,4203 kg 5,52E-06 

Phosphorus minerals [Non renewable resources] 181159,4203 kg 5,52E-06 

Phosphorus ore (29% P2O5) [Non renewable resources] 1431895,472 kg 6,98E-07 

Pit gas (in kg) [Natural gas (resource)] 0 kg 0 

Pit gas ecoinvent [Natural gas (resource)] 0 Nm3 0 

Pit Methane (in kg) [Natural gas (resource)] 0 kg 0 

Pit Methane (in MJ) [Natural gas (resource)] 0 MJ 0 

Platin deposit (3ppm) [Non renewable resources] 150375,9398 kg 6,65E-06 

Platinum [Non renewable elements] 0,451096614 kg 2,21682 

Polonium [Non renewable elements] 0 kg 0 

Potashsalt, crude (hard salt, 10% K2O) [Non renewable resources] 754329853,4 kg 1,33E-09 

Potassium [Non renewable elements] 62500000 kg 1,60E-08 

Potassium chloride [Non renewable resources] 78125 kg 1,28E-05 

Praseodymium [Non renewable elements] 0 kg 0 

Precious metal ore (R.O.M) [Non renewable resources] 19193,30062 kg 5,21E-05 

Protactinium [Non renewable elements] 0 kg 0 

Pyrite [Non renewable resources] 0 kg 0 

Quartz sand (silica sand; silicon dioxide) [Non renewable 
resources] 1,27364E+11 kg 7,85E-12 

Radium [Non renewable elements] 0 kg 0 
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Radon [Non renewable elements] 0 kg 0 

Raw hardcoal [Hard coal (resource)] 0 kg 0 

Raw lignite [Lignite (resource)] 0 kg 0 

Raw pumice [Non renewable resources] 0 kg 0 

Rhenium [Non renewable elements] 1,657289735 kg 0,6033948 

Rhodium [Non renewable elements] 0 kg 0 

Rhodium deposit (1ppm) [Non renewable resources] 30959,75232 kg 3,23E-05 

Rubidium [Non renewable elements] 0 kg 0 

Ruthenium [Non renewable elements] 0 kg 0 

Rutile (titanium ore) [Non renewable resources] 59880239,52 kg 1,67E-08 

Samarium [Non renewable elements] 0 kg 0 

Sand [Non renewable resources] 0 kg 0 

Sandy soil [Non renewable resources] 0 kg 0 

Scandium [Non renewable elements] 0 kg 0 

Selenium [Non renewable elements] 5,152117161 kg 0,194095 

Selenium deposit (0.025) [Non renewable resources] 20618,5567 kg 4,85E-05 

Shale [Non renewable resources] 0 kg 0 

Silicon [Non renewable elements] 71428571429 kg 1,40E-11 

Silt [Non renewable resources] 0 kg 0 

Silver [Non renewable elements] 0,844609848 kg 1,1839786 

Silver deposit (20ppm) [Non renewable resources] 42194,09283 kg 2,37E-05 

Slate [Non renewable resources] 0 kg 0 

Sodium [Non renewable elements] 18181818,18 kg 5,50E-08 

Sodium carbonate (soda) [Non renewable resources] 41841004,18 kg 2,39E-08 

Sodium chloride (rock salt) [Non renewable resources] 60988,99758 kg 1,64E-05 

Sodium nitrate [Non renewable resources] 67114093,96 kg 1,49E-08 

Sodium sulphate [Non renewable resources] 22988,50575 kg 4,35E-05 

Soil [Non renewable resources] 0 kg 0 

Specular stone [Non renewable resources] 224039431,4 kg 4,46E-09 

Spodumen (LiAlSi2 O6) [Non renewable resources] 2316621,994 kg 4,32E-07 

Stone and gravel from land [Non renewable resources] 0 kg 0 

Stone from mountains [Non renewable resources] 0 kg 0 

Stone, sand and gravel from sea [Non renewable resources] 0 kg 0 

Strontium [Non renewable elements] 1414427,157 kg 7,07E-07 

Sulphur [Non renewable elements] 5185,699914 kg 0,0001928 

Sulphur (bonded) [Non renewable resources] 5185,699914 kg 0,0001928 

Sylvine [Non renewable resources] 0 kg 0 

Talc [Non renewable resources] 2571050994 kg 3,89E-10 

Tantalum [Non renewable elements] 24630,54187 kg 4,06E-05 

Tellurium [Non renewable elements] 0,024592041 kg 40,663562 

Terbium [Non renewable elements] 0 kg 0 

Thallium [Non renewable elements] 41167,17165 kg 2,43E-05 

Thorium [Non renewable elements] 0 kg 0 

Thulium [Non renewable elements] 0 kg 0 

Tin [Non renewable elements] 61,61508416 kg 0,0162298 
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Tin ore (0,01%) [Non renewable resources] 617283,9506 kg 1,62E-06 

Titanium [Non renewable elements] 35842293,91 kg 2,79E-08 

Titanium dioxide [Non renewable resources] 59828292,8 kg 1,67E-08 

Titanium ore [Non renewable resources] 59828292,8 kg 1,67E-08 

Tungsten [Non renewable elements] 221,3301143 kg 0,0045181 

Tungsten ore (1%) [Non renewable resources] 22123,89381 kg 4,52E-05 

Ulexite [Non renewable resources] 0 kg 0 

Uranium ecoinvent [Uranium (resource)] 0 kg 0 

Uranium free ore [Uranium (resource)] 0 kg 0 

Uranium natural (in MJ) [Uranium (resource)] 0 MJ 0 

Vanadium [Non renewable elements] 1298701,299 kg 7,70E-07 

Vanadium ore (V2O5 0.94%) [Non renewable resources] 2463054,187 kg 4,06E-07 

Vermiculite [Non renewable resources] 0 kg 0 

Xenon [Non renewable elements] 0 kg 0 

Ytterbium [Non renewable elements] 0 kg 0 

Yttrium [Non renewable elements] 1757469,244 kg 5,69E-07 

Zinc [Non renewable elements] 1858,50461 kg 0,0005381 

Zinc - copper ore (4.07%-2.59%) [Non renewable resources] 17459,10641 kg 5,73E-05 

Zinc - lead - copper ore (12%-3%-2%) [Non renewable resources] 3545,659227 kg 0,000282 

Zinc - Lead - Silver - ore (8,54% Zn; 5,48% Pb; 94 g/t Ag) [Non 
renewable resources] 1981,838433 kg 0,0005046 

Zinc - lead ore (4.21%-4.96%) [Non renewable resources] 2967,086114 kg 0,000337 

Zinc - lead ore (R.O.M) [Non renewable resources] 2967,086114 kg 0,000337 

Zinc ore (4%) [Non renewable resources] 46462,57208 kg 2,15E-05 

Zinc ore (sulphidic, 4%) [Non renewable resources] 46462,57208 kg 2,15E-05 

Zirconium [Non renewable elements] 183823,5294 kg 5,44E-06 
 

Table 9-8 Acidification Potential (kg SO2-Equiv) 

Flow 
1kg SO2-
Equiv.=* Unit 

1kg[Flow]=*kg 
SO2   

Ammonia [Inorganic emissions to air] 0,625 kg 1,6 

Ammonium [Inorganic emissions to air] 0,3125 kg 3,2 

Ammonium nitrate [Inorganic emissions to air] 1,388888889 kg 0,72 

Hydrogen bromine (hydrobromic acid) [Inorganic emissions to air] 2,974683542 kg 0,33617 

Hydrogen chloride [Inorganic emissions to fresh water] 1,335227273 kg 0,748936 

Hydrogen chloride [Inorganic emissions to agricultural soil] 1,335227273 kg 0,748936 

Hydrogen chloride [Inorganic emissions to air] 1,335227273 kg 0,748936 

Hydrogen chloride [Inorganic emissions to industrial soil] 1,335227273 kg 0,748936 

Hydrogen chloride [Inorganic emissions to sea water] 1,335227273 kg 0,748936 

Hydrogen fluoride [Inorganic emissions to air] 0,734375 kg 1,361702 

Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to 
industrial soil] 0,734375 kg 1,361702 

Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to 
agricultural soil] 0,734375 kg 1,361702 

Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to fresh 0,734375 kg 1,361702 
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water] 

Hydrogen fluoride (hydrofluoric acid) [Inorganic emissions to sea 
water] 0,734375 kg 1,361702 

Hydrogen sulphide [ecoinvent long-term to fresh water] 0,531914894 kg 1,88 

Hydrogen sulphide [Inorganic emissions to air] 0,625 kg 1,6 

Hydrogen sulphide [Inorganic emissions to sea water] 0,625 kg 1,6 

Hydrogen sulphide [Inorganic emissions to industrial soil] 0,625 kg 1,6 

Hydrogen sulphide [Inorganic emissions to agricultural soil] 0,625 kg 1,6 

Hydrogen sulphide [Inorganic emissions to fresh water] 0,531914894 kg 1,88 

Nitric acid [Inorganic emissions to fresh water] 2,30392157 kg 0,434043 

Nitric acid [Inorganic emissions to sea water] 2,30392157 kg 0,434043 

Nitric acid [Inorganic emissions to industrial soil] 2,30392157 kg 0,434043 

Nitric acid [Inorganic emissions to air] 2,30392157 kg 0,434043 

Nitric acid [Inorganic emissions to agricultural soil] 2,30392157 kg 0,434043 

Nitrogen dioxide [Inorganic emissions to air] 2 kg 0,5 

Nitrogen monoxide [Inorganic emissions to air] 1,315789474 kg 0,76 

Nitrogen oxides [Inorganic emissions to air] 2 kg 0,5 

Phosphoric acid [Inorganic emissions to air] 1,198979592 kg 0,834043 

Phosphoric acid [Inorganic emissions to industrial soil] 1,198979592 kg 0,834043 

Phosphoric acid [Inorganic emissions to agricultural soil] 1,198979592 kg 0,834043 

Phosphoric acid [Inorganic emissions to fresh water] 1,198979592 kg 0,834043 

Phosphoric acid [Inorganic emissions to sea water] 1,198979592 kg 0,834043 

Sulphur dioxide [Inorganic emissions to air] 0,833333333 kg 1,2 

Sulphur trioxide [Inorganic emissions to air] 1,25 kg 0,8 

Sulphuric acid [Inorganic emissions to air] 1,807692309 kg 0,553191 

Sulphuric acid [Inorganic emissions to industrial soil] 1,807692309 kg 0,553191 

Sulphuric acid [Inorganic emissions to agricultural soil] 1,807692309 kg 0,553191 

Sulphuric acid [Inorganic emissions to sea water] 1,807692309 kg 0,553191 

Sulphuric acid [Inorganic emissions to fresh water] 1,807692309 kg 0,553191 
 

Table 9-9 Eutrophication Potential (kg PO43--Equiv) 

Flow 
1kg PO4

3--
Equiv.=*kg [Flow] Unit 

1[Flow]=* 
kg PO4

3- 

Acetic acid [Hydrocarbons to fresh water] 42,55319149 kg 0,0235 

Acetic acid [Hydrocarbons to sea water] 42,55319149 kg 0,0235 

Ammonia [Inorganic emissions to industrial soil] 2,857142857 kg 0,35 

Ammonia [Inorganic emissions to fresh water] 2,857142857 kg 0,35 

Ammonia [Inorganic emissions to air] 2,857142857 kg 0,35 

Ammonia [Inorganic emissions to sea water] 2,857142857 kg 0,35 

Ammonia [Inorganic emissions to agricultural soil] 2,857142857 kg 0,35 

Ammonium [Inorganic emissions to air] 3,03030303 kg 0,33 

Ammonium / ammonia [Inorganic emissions to fresh water] 3,03030303 kg 0,33 

Ammonium / ammonia [ecoinvent long-term to fresh water] 3,03030303 kg 0,33 

Ammonium / ammonia [Inorganic emissions to sea water] 3,03030303 kg 0,33 

Ammonium nitrate [Inorganic emissions to air] 6,589785832 kg 0,1518 
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Biological oxygen demand (BOD) [Analytical measures to fresh 
water] 45,45454545 kg 0,022 

Biological oxygen demand (BOD) [Analytical measures to sea 
water] 45,45454545 kg 0,022 

Calcium nitrate [Inorganic emissions to sea water] 13,22576379 kg 0,0756 

Calcium nitrate (Ca(NO3)2) [Inorganic emissions to fresh water] 13,22576379 kg 0,0756 

Chemical oxygen demand (COD) [Analytical measures to sea 
water] 45,45454545 kg 0,022 

Chemical oxygen demand (COD) [Analytical measures to fresh 
water] 45,45454545 kg 0,022 

Ethanol [Hydrocarbons to sea water] 22,70663034 kg 0,044 

Ethanol [Hydrocarbons to fresh water] 22,70663034 kg 0,044 

Heptane [Hydrocarbons to sea water] 12,91322314 kg 0,0774 

Heptane [Hydrocarbons to fresh water] 12,91322314 kg 0,0774 

Hexane (isomers) [Hydrocarbons to fresh water] 12,85892474 kg 0,0778 

Hexane (isomers) [Hydrocarbons to sea water] 12,85892474 kg 0,0778 

Hydrocarbons (unspecified) [Hydrocarbons to fresh water] 13,25732467 kg 0,0754 

Methanol [Hydrocarbons to fresh water] 30,3030303 kg 0,033 

Methanol [Hydrocarbons to sea water] 30,3030303 kg 0,033 

Nitrate [Inorganic emissions to fresh water] 10 kg 0,1 

Nitrate [Inorganic emissions to sea water] 10 kg 0,1 

Nitrate [Inorganic emissions to air] 10 kg 0,1 

Nitrate [ecoinvent long-term to fresh water] 10 kg 0,1 

Nitric acid [Inorganic emissions to sea water] 10 kg 0,1 

Nitric acid [Inorganic emissions to air] 10 kg 0,1 

Nitric acid [Inorganic emissions to agricultural soil] 10 kg 0,1 

Nitric acid [Inorganic emissions to industrial soil] 10 kg 0,1 

Nitric acid [Inorganic emissions to fresh water] 10 kg 0,1 

Nitrite [ecoinvent long-term to fresh water] 10 kg 0,1 

Nitrite [Inorganic emissions to sea water] 10 kg 0,1 

Nitrite [Inorganic emissions to fresh water] 10 kg 0,1 

Nitrogen [Inorganic emissions to fresh water] 2,380952381 kg 0,42 

Nitrogen [Inorganic emissions to sea water] 2,380952381 kg 0,42 

Nitrogen [Inorganic emissions to agricultural soil] 2,380952381 kg 0,42 

Nitrogen [Inorganic emissions to industrial soil] 2,380952381 kg 0,42 

Nitrogen (N-compounds) [Inorganic emissions to air] 2,380952381 kg 0,42 

Nitrogen dioxide [Inorganic emissions to air] 7,692307692 kg 0,13 

Nitrogen monoxide [Inorganic emissions to air] 5 kg 0,2 

Nitrogen organic bounded [Inorganic emissions to fresh water] 2,380952381 kg 0,42 

Nitrogen organic bounded [Inorganic emissions to sea water] 2,380952381 kg 0,42 

Nitrogen organic bounded [ecoinvent long-term to fresh water] 2,380952381 kg 0,42 

Nitrogen oxides [Inorganic emissions to air] 7,692307692 kg 0,13 

Nitrous oxide (laughing gas) [Inorganic emissions to air] 3,703703704 kg 0,27 

Octane [Hydrocarbons to sea water] 12,95504599 kg 0,0772 

Octane [Hydrocarbons to fresh water] 12,95504599 kg 0,0772 

Oil (unspecified) [Hydrocarbons to sea water] 13,01320841 kg 0,0768 
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Oil (unspecified) [Hydrocarbons to fresh water] 13,01320841 kg 0,0768 

Organic compounds (dissolved) [Organic emissions to sea water] 39,57261575 kg 0,0253 

Organic compounds (dissolved) [Organic emissions to fresh 
water] 42,60758415 kg 0,0235 

Organic compounds (unspecified) [Organic emissions to sea 
water] 39,57261575 kg 0,0253 

Organic compounds (unspecified) [Organic emissions to fresh 
water] 42,60758415 kg 0,0235 

Phosphate [Inorganic emissions to fresh water] 1 kg 1 

Phosphate [Inorganic emissions to sea water] 1 kg 1 

Phosphate [ecoinvent long-term to fresh water] 1 kg 1 

Phosphate [Inorganic emissions to air] 1 kg 1 

Phosphoric acid [Inorganic emissions to fresh water] 1,030927835 kg 0,97 

Phosphoric acid [Inorganic emissions to air] 1,030927835 kg 0,97 

Phosphoric acid [Inorganic emissions to industrial soil] 1,030927835 kg 0,97 

Phosphoric acid [Inorganic emissions to agricultural soil] 1,030927835 kg 0,97 

Phosphoric acid [Inorganic emissions to sea water] 1,030927835 kg 0,97 

Phosphoruos-pent-oxide [Inorganic emissions to air] 0,746268657 kg 1,34 

Phosphoruos-pent-oxide [Inorganic emissions to sea water] 0,746268657 kg 1,34 

Phosphoruos-pent-oxide [Inorganic emissions to fresh water] 0,746268657 kg 1,34 

Phosphorus [Inorganic emissions to agricultural soil] 0,326797386 kg 3,06 

Phosphorus [Inorganic emissions to industrial soil] 0,326797386 kg 3,06 

Phosphorus [Inorganic emissions to air] 0,326797386 kg 3,06 

Phosphorus [Inorganic emissions to sea water] 0,326797386 kg 3,06 

Phosphorus [Inorganic emissions to fresh water] 0,326797386 kg 3,06 

Sodium nitrate [Inorganic emissions to fresh water] 13,70971059 kg 0,0729 

Sodium nitrate (NaNO3) [Inorganic emissions to sea water] 13,70971059 kg 0,0729 

Total dissolved organic bounded carbon [Analytical measures to 
sea water] 17,04448611 kg 0,0587 

Total dissolved organic bounded carbon [Analytical measures to 
fresh water] 17,04448611 kg 0,0587 

Total organic bounded carbon [Analytical measures to fresh 
water] 17,04448611 kg 0,0587 

Total organic bounded carbon [Analytical measures to sea water] 17,04448611 kg 0,0587 

Xylene (isomers; dimethyl benzene) [Hydrocarbons to fresh 
water] 14,3472023 kg 0,0697 

Xylene (isomers; dimethyl benzene) [Hydrocarbons to sea water] 14,3472023 kg 0,0697 

Xylene (meta-Xylene; 1,3-Dimethylbenzene) [Hydrocarbons to 
fresh water] 14,3472023 kg 0,0697 

Xylene (meta-Xylene; 1,3-Dimethylbenzene) [Hydrocarbons to 
sea water] 14,3472023 kg 0,0697 

Xylene (ortho-Xylene; 1,2-Dimethylbenzene) [Hydrocarbons to 
fresh water] 14,3472023 kg 0,0697 

Xylene (ortho-Xylene; 1,2-Dimethylbenzene) [Hydrocarbons to 
sea water] 14,3472023 kg 0,0697 

Xylene (para-Xylene; 1,4-Dimethylbenzene) [Hydrocarbons to 
fresh water] 14,3472023 kg 0,0697 
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Xylene (para-Xylene; 1,4-Dimethylbenzene) [Hydrocarbons to 
sea water] 14,3472023 kg 0,0697 

 

Table 9-10 Ozone Depletion Potential (kg CFC-11-Equiv) 

Flow 
1kg CFC-11-
Equiv.=*kg [Flow] Unit 

1kg[Flow]=*kg 
CFC-11 

1,1,1-Trichloroethane [Halogenated organic emissions to air] 8,33333 kg 0,12 

Carbon tetrachloride (tetrachloromethane) [Halogenated 
organic emissions to air] 1,36986 kg 0,73 

Chloromethane (methyl chloride) [Halogenated organic 
emissions to air] 50 kg 0,02 

Halon (1211) [Halogenated organic emissions to air] 0,16667 kg 6 

Halon (1301) [Halogenated organic emissions to air] 0,08333 kg 12 

HBFC-1201 (Halon-1201) [Halogenated organic emissions to air] 0,71429 kg 1,4 

HBFC-1202 (Halon-1202) [Halogenated organic emissions to air] 0,76923 kg 1,3 

HBFC-2311 (Halon-2311) [Halogenated organic emissions to air] 7,14286 kg 0,14 

HBFC-2401 (Halon-2401) [Halogenated organic emissions to air] 4 kg 0,25 

HBFC-2402 (Halon-2402) [Halogenated organic emissions to air] 0,16667 kg 6 

Methyl bromide [Halogenated organic emissions to air] 2,63158 kg 0,38 

R 11 (trichlorofluoromethane) [Halogenated organic emissions 
to air] 1 kg 1 

R 113 (trichlorofluoroethane) [Halogenated organic emissions to 
air] 1 kg 1 

R 114 (dichlorotetrafluoroethane) [Halogenated organic 
emissions to air] 1,06383 kg 0,94 

R 115  (chloropentafluoroethane) [Halogenated organic 
emissions to air] 2,27273 kg 0,44 

R 12 (dichlorodifluoromethane) [Halogenated organic emissions 
to air] 1 kg 1 

R 12 (dichlorodifluoromethane) [Halogenated organic emissions 
to sea water] 1 kg 1 

R 12 (dichlorodifluoromethane) [Halogenated organic emissions 
to fresh water] 1 kg 1 

R 123 (dichlorotrifluoroethane) [Halogenated organic emissions 
to air] 50 kg 0,02 

R 124 (chlorotetrafluoroethane) [Halogenated organic emissions 
to air] 50 kg 0,02 

R 141b (dichloro-1-fluoroethane) [Halogenated organic 
emissions to air] 8,33333 kg 0,12 

R 142b (chlorodifluoroethane) [Halogenated organic emissions 
to air] 14,2857 kg 0,07 

R 22 (chlorodifluoromethane) [Halogenated organic emissions to 
air] 20 kg 0,05 

R 225ca (dichloropentafluoropropane) [Halogenated organic 
emissions to air] 50 kg 0,02 

R 225cb (dichloropentafluoropentane) [Halogenated organic 
emissions to air] 33,3333 kg 0,03 
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