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Abstract 
To decouple ever-increasing production and the related environmental impacts, collaborative use of 

products and product-service-systems including rental services can help to intensify the use of products 

during their designed lifetimes.  While these approaches present potential to decrease environmental 

impacts compared to traditional linear product sales, they need to be assessed with a holistic scope to 

avoid counterintuitive trade-offs.  

This study evaluates the potential environment impacts of Husqvarna’s tool rental service with a 

hypothetical case example from Stockholm, Sweden. The objectives are to analyse the potential 

environmental impacts of the rental service, to identify hotspots for improvement and to compare the 

potential impacts of the rental system to a sales alternative. The annual service of one electric chainsaw 

is analysed using Life Cycle Assessment (LCA) methodology with different user scenarios. The potential 

impacts are analysed for global warming potential, fossil and mineral resource scarcity, marine 

ecotoxicity and human carcinogenic and non-carcinogenic toxicity.  

The analysis for the rental system shows that user transport back-and-forth to the rental service is a key 

contributor to all the environmental impacts analysed, if done by private cars. The comparative results 

to sales business model indicate that while the rental service can help to reduce the potential impacts 

in mineral resource scarcity and toxicities due to the lower number of products needed, the user 

transport may outweigh the potential improvements in global warming potential and fossil resource 

scarcity, depending on the distances and modes of transport. Different scenarios illustrate that the 

results are however sensitive to the assumptions made. 

Based on the results, it can be recommended to optimally place the service close to the users and to take 

efforts to reduce user transports around the service, to reach the environmental potential of the service. 

The sensitivity analyses also indicate the importance for accounting detailed data for LCAs for product-

service-systems and covering the service holistically in system boundaries. Further studies on user 

behaviour are suggested to reach more robust analyses on consumer services, to cover also potential 

rebound effects.  

 

Key words: life cycle assessment (LCA), environmental impact, product-service-system (PSS), rental 
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Sammanfattning 
Gemensam konsumtion av produkter kan minska dess miljöpåverkan, sett över produktens livstid, 

genom intensifiering av produktanvändning och minskad nyproduktion. Även om detta koncept har 

potential att minska miljöpåverkan, jämfört med traditionell linjär produktförsäljning, måste det 

granskas på ett systematiskt sätt. 

Denna studie utvärderar den potentiella miljöpåverkan av ett verktygshyrningssystem av Husqvarna 

med ett hypotetiskt exempel från Stockholm, Sverige. Målen är att analysera den potentiella 

miljöpåverkan av hyrestjänsten, identifiera förbättringspunkter och jämföra de potentiella effekterna 

av hyressystemet med ett försäljningsalternativ. Miljöpåverkan av en motorsåg under ett år är 

analyserad genom livscykelanalysmetod med olika scenarier.  

Analysen för hyressystemet visar att den högsta miljöpåverkan kommer från transporten av användare 

fram och tillbaka till hyresdepån, om transporten är gjord med personbilar. Resultaten indikerar att 

hyrestjänsten kan bidra till att minska potentiella effekter av mineralresursbrist och toxicitet, jämfört 

med försäljningsmodellen, på grund av det lägre antal producerade produkter. Hyrestjänsten kan dock 

riskera att öka växthuseffekten och påverkan på fossilresursbrist, beroende på transportens längd och 

transportsätt. Olika scenarier illustrerar att resultaten är känsliga för andantagen. 

Resultaten visar att det kan rekommenderas att placera tjänsten optimalt nära användarna och att 

försöka minska användartransporten runt tjänsten för att nå tjänstens optimala miljöpotential. 

Känslighetsanalyserna indikerar också att detaljerade data och omfattande systemgränser är viktiga 

med LCA studier om produktrelaterade tjänster. Ytterligare studier om användarbeteende föreslås för 

att nå mer robusta analyser av konsumenttjänster, för att utvärdera även potentiella rekyl-effekter. 
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1 Introduction 
With the growing global population1, unsustainable consumption and production are one of the biggest 

challenges globally, also noted in the UN Sustainable Development goals (United Nations, n.d.). While 

companies can contribute to decreased use of resources through for example more efficient production, 

also new business models are needed to decouple consumption. One potential way for companies to 

target more sustainable product offering is through providing the function of the products rather than 

their ownership, for example through sharing and renting (Tukker, 2004, Geissdoerfer et al., 2018). 

Sharing and collaborative use of products make products available to more consumers, increasing their 

use time and thereby possibly decreasing the amount of resources needed for more production (e.g. 

Martin et al., 2019, Frenken and Schor, 2017, Zamani et al., 2017).  

As peer-to-peer platforms for sharing unused products are increasing (e.g. Airbnb, or Hygglo and Rentl 

in Sweden), the sharing markets also present new business opportunities for companies. Not only 

providing new potential for growth (Schor, 2014), also traditional production companies might feel the 

need to participate in the shift towards different sharing services to stay competitive (PwC, 2015). 

According to PwC’s study on  sharing, 43% of consumers see owning as a burden (PwC, 2015, p. 17). 

Together with the growing awareness of climate issues and overconsumption, there are thus incentives 

for companies to explore different business models, other than the traditional linear sales.  

Husqvarna is a Swedish company producing forest and garden products to global markets. Husqvarna’s 

vision is “Shaping great experiences” with focus on sustainable and user-oriented products (Husqvarna 

Group, 2017a, p. 7). The company is striving to integrate sustainability thinking into its business 

operations and strategy with an approach named Sustainovate. The core focus of Sustainovate is on 

safety, efficiency of their products, decreased resource use, as well as innovative and sustainable 

products and business models (Husqvarna Group, 2017c, p. 4). One of the company’s possible new 

business model concepts is a rental service called “Tools For You”. First piloted in 2017 under the name 

of Battery Box, the purpose of the service was to test a more sustainable product offering for 

Husqvarna’s customers in Stockholm; and also to test the potential of the new business model 

(Husqvarna Group, 2017b). The service allowed consumers to rent garden care products from a fixed 

storage locker through a mobile application instead of buying and maintaining new products 

(Husqvarna Group, 2017c, p. 17, Husqvarna Group, 2017b). The pilot was part of the company’s 

commitment to find innovative and sustainable business models (Husqvarna Group, 2017b). This year, 

the service is expanded further to Sweden, France, Germany, USA and Australia (Husqvarna Group, 

2019b).  

While this kind of business models and circular use of products (e.g. Selvefors et al., 2019) are promoted 

as sustainable alternatives, the environmental implications of these systems are rarely accounted for; 

with a possibility for counterintuitive trade-offs. Life cycle thinking is therefore needed to assess similar 

systems with a holistic perspective, to identify the potential environmental impacts from all steps 

(Curran, 2015, p. 9). Life Cycle Assessment is a useful method for assessing the overall life cycle of a 

product or a service, from the perspective of different environmental impacts. It helps to identify the 

lifecycle stages with highest potential environmental impact and the results can be utilized to better 

optimize the analysed systems and to avoid burden shifting (Curran, 2015, p. 8). To understand whether 

there are environmental improvements of Husqvarna’s rental business model compared to linear sales, 

it is therefore necessary to analyse the whole life cycle of the company’s products within this rental 

service system, with a functionally equivalent focus.   

1.1 Aim and objectives 

The aim of the study is to evaluate the potential environmental impacts of Husqvarna’s product offering 

through their rental service system. This study focuses on analysing a hypothetical example from 

 
1 9 772 million prospected in 2050 (United Nations, 2017, p. 1) 



2 
 

Stockholm, Sweden, to understand how the potential service impacts would look like in the Swedish 

context. 

To reach the aim of the study, the specific research objectives (RO) of the study are:  

RO1. Assess the environmental impacts of an electric chain saw in the rental system assumed 

to be located in Stockholm Sweden, using Life Cycle Assessment to identify hotspots 

RO2. Compare the environmental impacts of the Tools For You service to a defined traditional 

linear sales system to identify possible trade-offs 

RO3. Test the sensitivity of the results to the assumptions made with different scenarios, to 

better understand what are the key factors that affect the study conclusions 

The results of this study can be useful for the company when developing the service system further. In 

addition, they can provide relevant inputs to the research discussion of environmental impacts of 

collaborative business models through a case analysis. 

1.2 Delimitations 

The study is limited to analysing and comparing the potential environmental impacts of one product, 

electric chainsaw, in the rental and linear sales systems as expected in the future in a Swedish context, 

considering different user and maintenance scenarios. The study does not focus on the motivation of 

the customers to use the rental service nor does it cover other possible reference systems to the rental 

service. The study employs an attributional life cycle assessment and therefore possible rebound effects 

of the rental business model are outside the scope of the study. These limitations are addressed later in 

Chapter 5 Discussion.  

1.3 Disposition 

The thesis outline is divided as follows. Chapter 2 presents an overview of the research design and Life 

Cycle Assessment (LCA) as a methodology. Chapter 3 covers the background for the study, with a 

description of the Husqvarna rental service, the concepts of sharing economy and product-service-

systems and previous studies on their environmental impacts. Chapter 4 describes the LCA study 

conducted; including the goal and scope of the LCA, the life cycle inventory with detailed description of 

the data collection, and the life cycle impact assessment with results and sensitivity analysis. In Chapter 

5, the results are discussed with improvement recommendations for the rental service and some 

limitations of the study. Finally, the last Chapter 6 summarizes the conclusions that can be drawn from 

this study.  
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2 Research design and methods 
To meet the study objectives outlined in Chapter 1.1, an environmental Life Cycle Assessment of one 

Husqvarna product in both rental and sales systems was conducted. LCA was selected as it allows to 

study the overall life cycle environmental impacts of product and service systems, covering several 

environmental impact categories to reach a holistic understanding. This selected method helps to 

analyse the whole system instead of only one sub-process and therefore can help to identify main 

environmental contributors and to spot potential trade-offs (Curran, 2015, pp. 8, 16).  

The product under analysis, an electric chainsaw, was selected together with Husqvarna to represent a 

common product in the rental system. The results of the LCA were used to analyse the potential 

environmental impacts of the chainsaw in the rental service with a specific focus on identifying the 

hotspots in the system. The results were also compared to a defined sales system, to assess the potential 

improvements and trade-offs between the two alternatives. Different scenarios were formed to test the 

sensitivity of the results to the key assumptions made. This was done to better cover some of the 

uncertainties in the user behaviour and to assess how dependent the results are to the different scenario 

variables. 

The below section provides a general description of LCA as a method. The detailed methodological 

choices within the LCA specific for this study are described in Chapter 4. Data collection for the analysis, 

made in collaboration with the case company, is described in the LCI chapter, see 4.2. The LCA results 

were modelled in openLCA version 1.8 (GreenDelta, 2018), and further calculations for the different 

scenarios were done in Microsoft Excel.  

2.1 Life Cycle Assessment  

Life Cycle Assessment (LCA) is a methodology for analysing the potential environmental impacts of a 

product or a service throughout its life cycle, by accounting for all the physical inputs and outputs and 

their related potential environmental impacts (Curran, 2015, p. 12). It is used to assess systems 

systematically with a holistic perspective and for several environmental impacts, and it can therefore 

help to identify burden shifting between different life cycle steps, between locations or between 

environmental impacts (Finnveden et al., 2009). In companies, LCA can be used to improve product 

life cycles and to support decision-making, on product development or even on a strategic level, and it 

can also help in reporting (Hellweg and Milà i Canals, 2014). Even though it is often used for analysing 

products and services (Finnveden and Moberg), it can even be used on a societal level in decision 

making, among others (Hellweg and Milà i Canals, 2014).  

The method has been standardised by ISO 14044:2006, including stages of Goal and scope definition, 

Life Cycle Inventory, Life Cycle Impact Assessment and Life Cycle Interpretation, see Figure 1.  

 

 

 

 

 

According to the ISO standard 14044:2006, an LCA study starts with the goal and scope definition. The 

goal of the study describes the purpose and reasons behind the study, the target audience and if the 

results are to be used for comparing alternatives in the public. The scope includes setting a focus for 

the analysis, including for example boundaries and limitations, functional unit and assumptions. In a 

comparative LCA, attention needs to be paid to that similar functions are compared, therefore the 

1. Define Goal and Scope 2. Life Cycle Inventory 3. Life Cycle Impact 

Assessment 

4. Life Cycle Interpretation 

Figure 1. Life Cycle Assessment according to ISO 14044:2006 (ISO, 2006, Hellweg and Milà i Canals, 
2014) 
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functional unit pays an important role, as it defines what is measured. In addition, the allocation 

procedures regarding multi-output systems, data requirements, impact assessment methods and 

categories should be defined at this first phase. The goal and scope might later need to be updated 

during the iterative process of the LCA. (ISO, 2006) 

The scope of an LCA study can vary, and usually a distinction is made between attributional and 

consequential LCA, as they affect the methodological choices in the study. Attributional LCA refers to 

studying a system as it is at a certain point of time, with a book-keeping approach (see for example 

Finnveden and Moberg, 2005). Consequential, on the other hand, refers to accounting the 

consequences of a change, for example when assessing what is the environmental impact of an increased 

production volume or a change in a raw material, among others (Curran, 2015). The approach should 

be selected based on the goal and scope of the study, and affects for example the system boundaries. In 

principle, attributional LCA uses average data whereas consequential can utilize marginal data 

(Finnveden and Moberg, 2005). Consequential analysis may e.g.  help to analyse some counterintuitive 

impacts when changing to a new alternative (e.g. Curran, 2015). However, as the goal of this study is to 

account for the potential impacts of the service as it may be, and those of a parallel sales system – not 

to focus on the consequences in a change in consumption patterns;  therefore an attributional approach 

is well suitable for the analysis.  

Next, Life cycle inventory (LCI) is a step for identifying and quantifying all the inputs and outputs 

in the life cycle studied, including e.g. energy, materials and emissions. They are calculated and 

modelled according to the functional unit (ISO, 2006). As the following analysis will be based on this 

step, the quality of data gathered is of great importance (Curran, 2015, p. 61). It should be carefully 

assessed which details are cut-off in the inventory, as neglecting small inputs for example based on mass 

can also lead to omitting meaningful impacts (Curran, 2015, p. 64) – insignificance is difficult to define 

before making the analysis (Finnveden et al., 2009). Furthermore, sometimes processes can have 

several outputs, making the allocation of the process impacts challenging for the one specific output in 

review.  According to the ISO standard, allocation of co-products should be avoided whenever possible, 

through subdivision or expanding the boundaries of the system. If allocation is required, it is preferred 

to allocate based on physical relationships, such as mass, and only after that based on other factors (like 

economic allocation). (Curran, 2015, p. 66) 

After the LCI, the impacts of these inventory results on both environment and human health are 

analysed in a step called Life Cycle Impact Assessment (LCIA) (Curran, 2015, p. 12). In practice 

this means characterizing the impacts modelled in the life cycle inventory phase – turning the values 

into common indicator units, to calculate the total impacts according to the chosen impact categories 

(Curran, 2015, pp. 137-141). This is done to help to understand the meaning of the LCI results, i.e. the 

stress of the specific emissions to the environment and human health. Also, in this step the results can 

be further grouped, normalized by comparing to a reference value, or weighted by subjective importance 

of impact categories; these are however not included in this study and thus not further described. (ISO, 

2006) 

There are different methods available for modelling the characterization in this LCIA phase. It can be 

selected to characterize the potential environmental impacts either at a midpoint level or a higher 

endpoint level. Midpoint aggregates the potential impacts per specific environmental impact category, 

such as climate change expressing greenhouse gases in CO2 equivalents. Endpoint level further 

characterizes the potential impacts on a higher level – for example potential effects to human health in 

lost years. (Curran, 2015, pp. 139, 144) It should be noted that the results can be dependent on the 

selected impact categories and their indicators and characterization factors used. Nevertheless, the 

results of comparative studies can still indicate similar conclusions between alternatives despite some 

differences in the methods used (see e.g.Owsianiak et al., 2014, Stavropoulos et al., 2016). 

Finally, in the Interpretation phase, the results are evaluated with reference to the goal and scope 

and final conclusions are drawn from the analysis. It is important to review how uncertainties, quality 
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of the data and assumptions affect the results, to reach a transparent analysis. Sensitivity analysis can 

be done to check how sensitive the results are to for example uncertainty of data, to understand the 

robustness of the conclusions; e.g. when analyses include unmeasured consumer behaviour. As 

illustrated in Figure 1, LCA is an iterative process, meaning that after each step it might be needed to 

refine the previous stages.  (Curran, 2015, pp. 12-13, 21, 26, ISO, 2006)  

There are also several limitations to an LCA study. As simplifications are often needed to cover the 

holistic scope of an LCA, the results are referred to potential environmental impacts, instead of actual 

environmental impacts (Bjørn et al., 2018b, p. 14).  Where exact data is not available, assumptions are 

often required. Together with different methodological choices for the study, such as system 

boundaries, these can have a significant impact on the results; making it for example difficult to 

compare different studies against each other if the scope if set differently. It is thus vital to be 

transparent at each step and report the values used, to allow the reviewers to critically assess the quality 

of the study. (Curran, 2015, p. 15)  
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3 Background 
This section provides a more detailed description of the tool rental service from Husqvarna, which 

represents the case of this study. As the service aims to provide a functional service and to help the 

company’s customers to turn towards sharing economy (Husqvarna Group, 2017c, p. 17), it is also 

relevant to review the concepts of sharing economy and product service systems (PSS). Finally, some 

previous studies on the environmental impacts of sharing and PSS are reviewed to find out relevant 

aspects for conducting an LCA of the service.  

3.1 Husqvarna rental service  

Husqvarna first tested the rental service in 2017, at the Bromma Blocks shopping centre in Stockholm. 

This pilot concept called “Battery Box” included a container type of box that had lockers for 30 battery-

based products, powered by solar energy (Husqvarna Group, 2017b). Consumers could rent these 

products through an app, getting instructions how to open and close the lockers to retrieve the products. 

The condition and charging of the products was checked daily in the system. The products included in 

the system were garden care products: chainsaws, hedge trimmers and blowers that were all fit with a 

36V Li-ion battery. (Husqvarna Group, 2017b)   

The company is taking the concept further into use, with some alterations of the first pilot, such as 

reduced number of lockers and a depot that does not require energy. As mentioned in the Introduction, 

the service is being expanded to several countries in Europe, the United Stated, and Australia 

(Husqvarna Group, 2019b). An illustration of the rental process is provided in Figure 2 according to 

Husqvarna AB (2019b). First, the customer books the product by using the rental app and watches the 

required safety videos of the product use. Second, the customer picks up the product from the depot, 

and uses the app to open the correct locker. Third, the customer uses the product, and re-charges it if 

needed. In the fourth step, the customer takes the product back to the depot. As the customer returns 

it, an automatic notification is sent to the provider who knows to come check the product condition. In 

the final step, the provider maintains the product (changing battery to a fully charged one for the next 

customer, cleaning up the product if needed, and possible other requirements as needed at each time). 

(Husqvarna AB, 2019b) 

 
Figure 2. Illustration of the rental process, based on (Husqvarna AB, 2019b). Pictures: Husqvarna 

AB. 

As mentioned in the introduction, the rental service is part of Husqvarna’s development to explore more 

sustainable business models. The service fits well in the company’s sustainability and even business 

focus. For example, “sustainable products and services” is one of the identified key topics in the 

sustainability materiality analysis of Husqvarna, linking directly to creating competitive advantage for 

the company (Husqvarna Group, 2017c, p. 33). The Battery Box service can also be seen as part of other 

materiality topics of Husqvarna, such as “promoting sustainable products” and “diverse and equal 

opportunity” (Husqvarna Group, 2017c, p. 33).  
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In a regular consumer use, tools can be expected to lie unused most of the time (for example drills have 

been estimated to be used only for 18 minutes over their whole life cycle2). Previous LCA study on 

Husqvarna’s chainsaws have shown that use phase is one major contributor to the environmental 

impacts, in case calculating based on the full use-time3 of the products over their lifetimes 

(Kristinsdóttir and Peñaloza Corredor, 2011). However, for regular consumers, the use rates can be 

assumed distinctly lower than the tested running hours, reducing the relative impacts from the use time, 

and making the rental concept a promising attempt to fully utilize the products during their designed 

service lifetimes.   

3.2 Sharing economy and Product Service Systems (PSS) 

Sharing economy 

The current term of sharing economy and its exact definition is debated, from covering only peer-to-

peer sharing where no money is involved, to including also company driven sharing platforms with 

business incentives. From a broader perspective, Acquier et al. (2017) defines three ideally overlapping 

dimensions in sharing economy: access economy (referring to optimizing the use of assets), platform 

economy (referring to digital platforms) and community-based economy (referring to peer-to-peer and 

decentralized sharing). While access economy covers also business-driven sharing, such as product-

service-systems and traditional rental models, it is not likely to fulfil the sharing economy term by its 

own but requires also either platform or community-basis (Acquier et al., 2017). Schor (2014) divides 

the sharing economy into four categories: recirculating products (such as eBay), intensifying the 

utilization of durable goods (such as car sharing), service exchanges (such as time banks) and assets 

sharing (such as co-working premises), and further between peer-to-peer vs business-to-peer and non-

profit and for-profit.  

With a more strict definition of sharing economy, sharing with monetary compensation can be rather 

referred to as collaborative consumption (e.g. Belk, 2014). There are also several other ways to 

determine sharing economy, collaborative consumption and other related concepts, and the general 

definition is far from clear (see for example Muñoz and Cohen, 2017, Frenken and Schor, 2017). This is 

why marketing of business services as sharing has also been criticised for misleading the consumer trust 

in case they actually are not (Hawlitschek et al., 2018). While rental services are usually not categorized 

as collaborative consumption, they do provide several customers access to the same product at a 

different time. From a company perspective, this kind of service can rather be described as a product-

service-system, described next.  

Product-Service-Systems (PSS) 

Better utilization of existing resources links also to another concept: product-service-systems (PSS). 

PSS refers to a business model where a company sells a service, function or a result instead of the 

ownership of the product as in a traditional sales model (Tukker, 2004). It can include additional 

services that add some value to the customer. PSS is usually linked to improvements in sustainability 

while the term servitization can be used to refer to service based business models driven by economic 

incentives (Annarelli et al., 2016). From the wide PSS categorization by Tukker (2004), a relevant 

description for this study specifically is a use-oriented service, where the ownership, maintenance and 

control of the product stays at the service providers. The customers can use the products but do not 

purchase a continuous access to it, and several customers can use the product after one another (Tukker, 

2004).  

From a provider’s perspective, according to the review by Annarelli et al. (2016), the benefits of PSS are 

often acknowledged as reduced environmental impacts and differentiation from competitors, among 

other e.g. strategic drivers. PSS approaches can be framed as sustainable business models (see, e.g. 

Bocken et al., 2014). PSS can even help companies to turn towards circular economy, as the provider 

keeps the ownership of the products, being able to maintain and recycle the product components more 

 
2 Estimation by Concito, 2015 as cited in Skjelvik et al. (2017, p. 62) 
3 800 hours chain saw use time in Kristinsdóttir and Peñaloza Corredor (2011)  
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easily (e.g. Amaya et al., 2014, Michelini et al., 2017). However, according to the review by Michelini et 

al. (2017) the business model needs to be planned with sustainability targets in mind in order to reach 

actual environmental benefits.  

3.3 Environmental impacts of sharing and PSS 

The environmental advantages of sharing and rental services seem clear: better utilization of existing 

resources possibly leading to avoided production. Environmental sustainability of these business 

models is however a complex issue. There are several uncertainties that can lead to counterintuitive 

results and hence it is important to analyse also the effects of sharing and renting with a holistic 

perspective. As with any product system, by sub-optimizing one part, some significant impacts might 

be neglected in other parts, and therefore systems thinking is needed (adapted from Daellenbach and 

McNickle, 2005, pp. 15,19).  

For example, the transportation back and forth from sharing or renting products is known to have a 

significant impact on the overall environmental impacts (Zamani et al., 2017, Martin et al., 2019, see 

also Skjelvik et al., 2017), possibly even making the collaborative consumption a worse option. In 

addition, the treatment of the shared or rented products by the consumers can be worse than if they 

were owned (e.g. Tukker, 2015) – on the other hand, in a PSS approach it can be easier for the provider 

to maintain and remanufacture the products as noted earlier. For renting services, Tukker (2004) 

estimates that the sustainability improvement is higher if most of the life cycle impacts come from 

production phase. 

Another uncertainty is the rebound effects from getting access to product functions through sharing or 

renting with a cheaper price than through buying. It is possible that even though new production is 

avoided, the saved money is spent on something additional instead, creating even greater 

environmental burdens, i.e. unforeseen rebound effects (e.g. Frenken and Schor, 2017, Schor, 2014). 

Similarly, if the service provides access to the products for people that would not otherwise use them, it 

ends up creating more markets for the products, and therefore leading to more use and more emissions 

(Schor, 2014). This kind of rebound effects are difficult to verify, and their quantification is outside the 

scope of this study. This aspect is nevertheless important and is further addressed in the Discussion 

section. 

LCAs of sharing economy and PSS 

In LCA studies for collaborative consumption, the choice of methods and assumptions are likely to affect 

the results (Martin et al., 2019). There are several variables that need to be accounted in order to find a 

representative assessment. The choice of reference system is especially difficult when analysing the 

environmental impacts of a PSS system before it is fully deployed – it is not always certain how the 

market will look like and what is a correct comparison, due to e.g. uncertainty of consumption patterns 

and rebound effects mentioned (Kjaer et al., 2016). Another challenge can be the definition of a 

functional unit (Amaya et al., 2014, Kjaer et al., 2016), i.e. to reach a fair and balanced comparison 

between providing the function needed and selling the ownership of a product. From a user perspective, 

the function of the such comparisons might not directly equivalent – there can be difference in the 

“intangible value” as discussed by (Tukker, 2015).  The importance of including every life cycle stage to 

PSS analyses has also been highlighted in order to avoid biased results (Dal Lago et al., 2017). 

Table 1 summarizes some previous LCA studies on sharing, renting and PSS, pointing out some of their 

selected aspects and results relevant for this study. As the goals of these listed studies differ, also the 

functional units vary from e.g. one time use or rental to a longer sharing or service period in a certain 

service area or group of users. Based on the results of these studies (see Table 1), it can be expected that 

sharing and rental models can provide potential for reducing the environmental impacts of products. 

However, several factors can influence the results, such as user transport (Martin et al., 2019, Zamani 

et al., 2017), data transfer impacts required for the service (Lelah et al., 2011, also infrastructure 

mentioned in Kjaer et al., 2016), treatment of the products by users (Amaya et al., 2014).   
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Table 1. Some previous LCA studies on sharing, renting and PSS. 

Study Topic Functional Unit Reference used to 
compare 
sharing/rental to 
linear sales 

Relevant aspects/ 
results for this study 

(Martin et 
al., 2019)  

Sharing: 
Consequential 
LCA of Peer-to-
peer sharing 

Annual sharing of 
products through 
the peer-to-peer 
platform 

Consequence: 
avoided production, 
variable percentage of 
sharing uses 

- Presents a method for 
assessing sharing services 
- Results: potential for 
reducing GHG emissions in 
the analysed setting  
- Potential synergies with 
delivery service 
- Methodological choices and 
assumptions influence results 

(Zamani et 
al., 2017)  

Sharing: 
Clothing 
libraries 

One average use 
of a cloth  

Baseline: buying 
instead of renting, 
rental increasing the 
service lifetime of 
products by factor 2 
or 4 

- Prolonged service life of 
clothes through sharing can 
lead to environmental 
improvement 
- Increased consumer 
transport can overrun the 
advantages 

(Chun and 
Lee, 2017) 

PSS: water 
purifier rental 
service vs. 
conventional 
sales 

Supplying 
drinking water for 
15 years  

Three products in 
rental system (with 5 
years lifetime), three 
products in sales 
system (with 7 years 
lifetime) 

- Rental model better for 
global warming but 
conventional better for abiotic 
resource depletion due to 
maintenance & transports 
- Education of users of rental 
might lead to reduced energy 
consumption 

(Amaya et 
al., 2014) 

PSS: model for 
optimizing 
intensified 
product use (city 
bicycles), with 
least number of 
products in the 
system 

20 000 users in 
Lyon, each using a 
bicycle twice a day 
for 15 min, service 
being available for 
12 years 

Availability of 
products in relation 
to use variables 

- User behaviour affected the 
technical lifetime of the 
product.  
- By optimizing the 
maintenance and lifetime of 
the products, less products 
were needed in the system 
- presents a method for 
assessing intensified use in 
PSS 

(Lelah et al., 
2011) 

PSS: Eco-design 
for waste 
collection 
optimizing with 
machine-to-
machine sensors 

Collecting glass 
waste during 10 
years in a specific 
area 

n/a - Amount infrastructure 
(hardware) and data transfer 
can have an influence in the 
machine-to-machine service 
model 
 

(Sivaraman 
et al., 2007) 

Renting: renting 
DVDs in 
physical store 
vs. online 

Renting 3 DVDs at 
one time 

n/a - e-commerce performed 
better than traditional store 
sales 
- Different packaging options 
in traditional rental vs. online 
rental can have notable impact 
for the results 

 

Drawing inspiration from the studies by Martin et al. (2019) and Zamani et al. (2017), and as proposed 

by Kjaer et al. (2016) for analyses lacking detailed user habits of PSS, different scenarios were set up for 

this study. Furthermore, some relevant aspects from previous studies listed in Table 1 were taken into 

account in the study, as applicable. These are described more in detail in the next Chapter 4. 
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4 LCA of Husqvarna chainsaw in rental and sales business models 
This chapter presents the LCA study of one chainsaw in the rental and sales systems. The chapter covers 

the whole LCA, including goal and scope definition together with the definition of scenarios, LCI for the 

study, and LCIA with the results and sensitivity analysis. 

4.1 Goal and scope 

The aim of the study is to assess the potential environmental impacts of Husqvarna’s product offering 

in their rental service system. The specific objectives are to (RO1) assess the environmental impacts of 

an electric chain saw in the rental service to identify hotspots; (RO2) to compare the rental service to 

linear sales from the provider’s perspective; and (RO3) to test the sensitivity of the results to the 

assumptions made. One of the target groups of the LCA is the company Husqvarna who can utilize the 

results to better optimize the service from an environmental perspective. Even though the results are 

limited for Swedish conditions, they can be indicative to other European countries, and to show critical 

points when developing the service further. In addition, the results are aimed to serve the scientific 

community with a specific case study for assessing the potential and challenges of collaborative and PSS 

business models. It also shows the challenge of conducting LCA on such product-service systems and 

the sensitivity of the results to the selected assumption on user behaviour.   

Attributional LCA was chosen for the study in order to find out the environmental impacts in the system 

as expected in the future (Hellweg and Milà i Canals, 2014), covering the production, use and 

maintenance life cycle stages. There are no standardized guidelines for comparing this kind of two 

business models (linear sales versus rental/product-service-systems), and the selection of the system 

boundaries and assumptions can affect the results. Therefore different scenarios were created to 

account for different user and maintenance variables (Piontek and Müller, 2018), and also a sensitivity 

analysis was made to cover the disposal stage of the products. 

As a representative of the rental system, the service of an electric chainsaw, directed for the use of a 

regular consumer, was analysed. The actual product model, Husqvarna’s professional electric chainsaw 

“535i XP”, expected to be available in the rental system was selected for the comparison. As the rental 

system consists of professional series products, to reach a fair comparison, the corresponding consumer 

model “120i”, was modelled for the linear sales alternative. It was expected that this presents a more 

equivalent comparison for the consumer alternatives and that is why the professional model was not 

included in the sales system as the product model. The product models for the compared business 

models are shown in Figure 3.  

     

Figure 3. Product models selected for the LCA comparison: professional model 535iXP in the rental 
system (left) and consumer model 120i in the sales system (right). Pictures: Husqvarna AB.  

The two models differ slightly in terms of their material inputs, supply chains and energy consumption, 

that have been considered in the analysis, further described in Chapter 4.1.6.  

4.1.1 Functional unit 

As the scope of the study was on the rental system, it was the basis for the functional unit, and the sales 

alternative was normalized against the defined functional unit. The primary function of the Husqvarna 

rental service is to provide the function of the garden care products; for a chainsaw, it is assumed to be 

cutting wood, such as pruning and felling branches and trees. With reference to the goal and scope, the 

functional unit of the study was set to be the annual service of one electric chainsaw in the 

Husqvarna rental system, measured by the number of rentals within the year. The number of 
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rentals can vary, for a basic scenario 20 rentals was assumed, but this was also tested with another 

alternative, see further description in scenarios. For the purpose of this study, one rental means using 

the chainsaw for light pruning for 45 minutes4. The yearly service was selected to be able to more easily 

test different service lifetime assumptions, see further in scenarios. In a comparative LCA, it is 

important that similar functions are compared (ISO 14044:2006). The sales alternative is thus 

considered to include the same amount of product uses, with users instead buying the electric chainsaws 

(i.e. ownership). The results were analysed in different scenarios, to test the sensitivity of the results to 

selected user variables (see further details in Section 4.1.6).   

In addition to the function of the products, the rental service allows the customers to get rid of 

maintenance and storage needs (Husqvarna Group, 2017c, p. 17) and could potentially serve as a 

promotion for the brand and the products, both for their availability and durability. These are beyond 

the scope of this assessment and therefore considered as unquantified aspects of the rental system. 

4.1.2 System boundaries 

Rental Service System 

The system boundaries for the rental system are illustrated in Figure 4. For the product 535i XP itself, 

the production, use and maintenance impacts are included in the study. Also, the impacts of chains, 

bar, batteries, charger, systainer box and safety chaps provided in the rental service are covered in the 

study. Furthermore, as the rental service system requires additional infrastructure and data transfer 

that might increase the environmental impacts (Kjaer et al., 2016, Lelah et al., 2011), the manufacturing 

of the locker box and the usage of the mobile application by the users were included in the rental system 

boundaries. In addition, the user transport (and potential maintenance transport, if needed) back-and-

forth to the rental locker is important to account for in the analysis (Martin et al., 2019, Zamani et al., 

2017), and therefore separately highlighted in Figure 4. 

 

Figure 4. Simplified flowchart of the rental service system based on (Husqvarna AB, 2019b). The 
waste treatment in dashed boundaries is excluded from the main analysis. 

 
4 own assumption for house-owners in the Stockholm area for average garden work; also corresponding to one full 
battery charge in the 120i model. The use is defined as “pruning” to reach a comparable end result of the two 
product models.  
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The waste handling of the products was excluded from the main analysis (see Figure 4) because its 

complex modelling presented uncertainties in the study. Nevertheless, as it is important to consider the 

impacts holistically (Dal Lago et al., 2017), a sensitivity analysis was later made to expand the system 

boundaries to cover also a simplified waste handling This is further described in Chapter 4.3.3.2.  

Primary fixed assumptions regarding the rental set-up, based on input from Husqvarna AB (2019b), are 

listed below in Table 2. For the product lifetimes, number of uses,  and users, user transport and 

maintenance needs several alternative assumptions were tested, please see further description on the 

scenario variables in section 4.1.3. 

Table 2. List of fixed assumptions in the rental service, based on discussions with Husqvarna AB 
(2019b). 

Products per rental locker 7 products/rental locker 

Batteries per product in the rental service cycle 2 batteries/product 
Additionally, 6 back-ups serving the whole locker 

Chargers per product in the rental service cycle 1/product 
Additionally, 1 back-up serving the whole locker 

Systainers per product in the rental service cycle 1/product 
Safety chaps per product in the rental service cycle 1/chainsaw product 
Service lifetime of the locker  10 years (own assumption) 
Application use Total 84 MB data transfer/10 minutes use time 

estimated for first time users 

 

Linear Sales System 

The sales system boundaries are presented in Figure 5. In addition to the product production 

processes, the transportation to the retail, the user transport to buy the product, the use phase and 

maintenance in terms of lubricating oil are included in the analysis. The maintenance did not cover any 

spare parts due to the low use hours per sold product, see further scenario variables. The impacts of 

possible wholesale and retail infrastructure and processes are excluded of the study, as they are 

considered negligible while serving for numerous products simultaneously and as no further data was 

available.    
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Figure 5. Simplified process flowchart of the chainsaw within the linear sales system based on 
Husqvarna AB (2019b) and drawing inspiration from Lan and Liu (2010). The processes with dashed 
boundaries are excluded from the analysis. 

Fixed assumptions regarding the sales system are presented below in Table 3. For the number of sold 

products and their lifetimes, several assumptions were tested, please see further scenario variables in 

section 4.1.3. 

Table 3.  Fixed assumptions for sales system. 

Additional products per 1 sold chainsaw 1 bar and 1 chain 
1 battery (BLi200) 
1 charger (QC330) 
1 safety chaps 

User transport to buy the product, total 15 km (for a fair comparison, same distance assumed to the store 
as to the rental service, see Chapter 4.1.3) 

Maintenance requirements Chain oil every third battery cycle (Husqvarna Group, n.d.-a) 
No other maintenance assumed due to low use times. 

 

In both business models, the product life cycle is covered from raw material extraction to the use phase 

(waste handling was included in the sensitivity analysis, see section 4.3.3.2). More details on the 

production and modelling choices are presented in Life Cycle Inventory of section 4.2.  

Geographical boundaries 

The geographical boundaries considered for the retail/distribution and use of the products is within 

Stockholm, Sweden, taken as a case example of the rental service. Only Swedish electricity mix is 

therefore modelled for the charging of the products in the use phase, and the scenarios were defined 

from this point of view. The waste management included in the sensitivity analysis is considered to 

happen according to small electronics recycling process applicable in Sweden.  
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With regards to the production of the products (e.g. chainsaw and accessories), the supply chain is 

global, and the assumed transportations have been included in the analysis. Country specific electricity 

has been updated to some of the production processes to reach as accurate analysis as possible. 

Time horizon  

The study analyses a possible future scenario with the rental service system and thus is limited to the 

presented assumptions on user behaviour. The timeframe for the background data for materials and 

processing is dependent on Ecoinvent 3.4 data. Literature for background processes such as material, 

car and waste statistics are in principle limited to 5 years from the time of the study, with few exceptions. 

4.1.3 Scenario variables 

There were several assumptions required for the analysis, and one of the objectives (RO3) was to 

understand how dependent the results are on the different factors selected. Therefore, some uncertain 

factors were tested with two or more variables, drawing inspiration of previous studies by e.g. (Martin 

et al., 2019, Zamani et al., 2017). These scenario variables considered in the rental system were the 

utilization rate of the service (number of rentals) and the number of different customers it serves, user 

transport to the rental depot, the lifetime of the product in the system and the maintenance 

requirements of the product. The comparison to the sales system depends on the number of products 

sold and their respective lifetime which were also tested with alternatives. The selected values for the 

analysis are listed in Table 4, described below in more detail.  

Table 4. Selected variables for the analysis. 

RENTAL 
VARIABLES 

BASIC SET-UP ALTERNATIVES TESTED 

No of uses 
(rentals) 

20 120 
 

No of users 100% of use times/rentals  
(20 users in the basic set-up) 

50% of use times/rentals 
(10 users) 
 

User 
transport 

30 km/rental (by private car) 30 km/rental (30% by bus, 70% by private car); 
 
30 km/rental (30% by delivery, 70% by private car); 
 
15 km/rental (by private car) 

Maintenance Change of chains every 20th 
use, no maintenance driving 

Change of chains every 10th use + additional pair of chaps 
over lifetime, no maintenance driving;  
 
Change of chains every 20th use, maintenance driving 15 
km /rental 

Lifetime of 
products 

4 years 3 years 

 
SALES 
VARIABLES 

BASIC SET-UP ALTERNATIVES TESTED 

No of sold 
products 

100% of the number of users 
(20 in the basic set-up) 

50% of the number of users 
 
25% of the number of users 

Lifetime of 
products 

10 years 5 years  
 
20 years 

 

Number of uses (rentals), users and sold products 

The number of actual uses, i.e. rentals in the rental system, within a year is not known for the service 

that has not yet been deployed, so an assumption was made on the yearly rental rate of the product with 

20 uses with the help of Husqvarna AB (2019b) based on their previous pilot study in Bromma Blocks. 

This was also tested with an alternative value, by theoretically maximizing the number of uses within 
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an assumed 8-month yearly garden period (Husqvarna AB, 2019b), making a total of 120 uses5 within 

a year. 

For the basic rental scenario, it is assumed that each rental within the year is done by a different user, 

making the total number of users the same as the number of rentals (20). It is also possible that same 

users could rent the product another time during a year, therefore this assumption was tested with an 

alternative scenario, where the number of users is half of the number of rentals (10, everyone using the 

product twice per year).  

For the sales alternative, the number of uses of the product is always considered the same (20 in the 

basic scenario, and 120 for the alternative), to allow a fair comparison. For the basic scenario, the 

number of sold products is considered to be the same as the number of uses, i.e. assuming that instead 

of renting the product, everyone would buy one home-user chainsaw. This was set up to represent the 

two extremes for a clear comparison. Yet, it is possible that not everyone using the rental service would 

actually buy a product. This was tested with alternative values of only 50% or 25% of the users buying a 

product in the sales system. With these alternatives, it was still assumed that the number of uses is the 

same, through for example lending a product from a neighbour or a family member. It is noted that 

these alternatives do not consider additional driving nor allocate product impacts for the users not 

buying a product, due to the uncertainty of such user behaviour. Thus, these alternatives are only 

simplifications of the reality, in order to show how the results might be affected by the alternative 

scenarios.  

Transport 

Based on (Husqvarna AB, 2019b), it was assumed that the rental concept serves users within a 15 km 

range. Therefore, the basic scenario accounts for the half service range (i.e. 7.5 km6) as an assumed 

average; making a total of 30 km per rental back-and-forth two times to pick-up and return the 

product. It is expected that the user picks up and returns the product by car. As the results were expected 

to be sensitive to this choice, several alternatives were tested for the user transport.   

Alternatively, some of the users could also the extensive public transport system available in Stockholm. 

This was tested with a scenario where 30% of the users take the bus while the rest still use a car. 

Furthermore, since Martin et al. (2019) showed that the delivery services can reduce the global warming 

impacts of user transportation for sharing of tools, this option was also tested with a scenario where 

30% would order the product by delivery and 70% by using their own car.  

On the other hand, it might be possible that the rental locker is located in connection to other services 

as well (i.e. co-located next to a store or a shopping centre), making it possible for the user to run other 

errands at the same time when picking up and returning the tool. Thus, a scenario where only half of 

the driving impacts are allocated to the rental service was included in the analysis, with a total of 15 km 

per rental. This can also be used as a representative of users within a lower distance. 

Maintenance 

As reviewed in section 3.3, it is possible that the products in the rental system are not treated as carefully 

as if they were owned by the customers (e.g. Amaya et al., 2014). In the case of chainsaws, the most 

likely mistreatment of a product is using it for an unsuitable material that damages the chains 

(Husqvarna AB, 2019c). This aspect was included in the study by assuming a need to change the chains 

more often than would theoretically be required. The basic scenario accounts changing of chains every 

20th use7. This was also tested with a higher maintenance need, with changing the chains every 10th use. 

Additionally, for this high maintenance scenario, one extra pair of chaps over the basic 5-year life cycle 

 
5 Calculation based on average 30 days per 8 months = 240 days. As one rental blocks the product for 
two days (one day for rental use and one day for maintenance), a total of 120 uses is assumed. 
6 Median of the pilot project survey also falls within the range of 5-10 km distance from the service 
7 Less than one fifth of the technical use hours based on the functional unit 45 min / use 



16 
 

was included. The guide bars were considered to last for one year in the rental service, for simplicity not 

changed based on use times in the analysis.   

The rental system is considered to be located in connection to a provider’s store8, and therefore the 

maintenance check is assumed to happen without additional transport in the basic scenario. However, 

based on the Battery Box pilot, it is also possible that the rental system is located within a distance from 

the providers; this was tested with an alternative where a total of 15 km per rental is assumed (for 

simplicity, same maintenance range 7.5 km taken as for the service range for users).    

For the sales system, one chain and guide bar were assumed to last the whole lifetime of the product as 

the use times modelled were only one or two 45-minutes uses per year, depending on the scenario. 

The need for lubricating oil is considered the same for both systems, see further 4.2.5 for LCI 

description. 

Lifetime of products  

The lifetime of products in both systems is of key importance, as it affects how much of the production 

impacts are allocated per functional unit. The rental and sales scenarios consider different lifetimes, 

and due to the study setting, the technical running hours were not considered as a realistic basis for the 

assumptions and were therefore not used in the calculations. Several factors can affect the service 

lifetime of the product, and based on the discussions with the company, a 4-year service lifetime (total 

60 running hours for the basic use rate of 20 times 45 minutes uses per year) was assumed for the basic 

rental scenario. To test the sensitivity of the results, an alternative service lifetime was tested as 3 years 

(45 total running hours for the basic scenario). These assumptions do not reflect the technical lifetime 

of the products.  

Regarding the sales alternative, due to the high uncertainty how consumers would use the sold products, 

the lifetime was tested with more varying alternatives. 10 years tested for the basic scenario based on 

own guess. To test how sensitive the results are to this uncertain assumption, 5  and 20 years was tested 

as an alternative (it is noted that these sales scenarios consider low total use hours over the lifetimes: 

for the yearly use of 45 minutes, 10-year-lifetime refers to total 7.5 running hours, 5-year-lifetime to 

total 3.75 running hours and 20-year-lifetime to total 15 running hours). These assumptions do not 

reflect the actual lifetime of the products and were difficult to be verified for this study case.  

It is noted that the rental and sales scenarios consider different running hours over the product 

lifetimes, but as the purpose of the rental service is to serve several needs with just one product, this 

approach was considered more realistic than accounting for similar technical running hours.   

4.1.3.1 Combined scenarios 

Based on the variables presented above, scenarios listed in Table 5, Table 6 and Table 7 were created. 

In addition to the basic scenarios, each alternative scenario tests the sensitivity to a chosen parameter 

separately; the altered parameters are highlighted in the tables.  

Table 5. Alternative scenarios for rental and sales system with 20 yearly uses. Adjusted values 
compared to basic scenarios are highlighted. 

Scenario Rental Number 
of rentals 

Number of 
users 

Total km of user 
transport 

Maintenance 
need 

Lifetime of 
product  

Rental-basic 20 100% of rentals 
= 20 users 

30 km  
(by private car) 

New chains every 
20th customer 

4 years 
 

R-Maint-high 20 100% of rentals 
= 20 users 

30 km  
(by private car) 

New chains every 
10th customer 

4 years 
 

R-Lifetime-short 20 100% of rentals 
= 20 users 

30 km  
(by private car) 

New chains every 
20th customer 

3 years 

 
8 The provider refers to the authorized dealers of the Husqvarna products 
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R-Transp-half 20 100% of rentals 
= 20 users 

15 km  
(by private car) 

New chains every 
20th customer 

4 years 
 

R-Maint-transp 20 100% of rentals 
= 20 users 

30 km  
(by private car) 

New chains every 
20th customer; 
Maintenance 
transport 5 km 
per rental 

4 years 
 

R-Transp-
30%buss 

20 100% of rentals 
= 20 users 

30 km  
(30% by buss,  
70% by private 
car) 

New chains every 
20th customer 

4 years 
 

R-Transp-
30%delivered 

20 100% of rentals 
= 20 users 

30 km  
(30% delivered,  
70% by private 
car) 

New chains every 
20th customer 

4 years 
 

 
Scenario Sales Number 

of uses 
Number of users Number of sold 

products 
Lifetime of sold 
products  

Sales-basic 20 100% of rentals 
= 20 users 

100% of users  
= 20 products 

10 years 
 

Sales-Lifetime-
short 

20 100% of rentals 
= 20 users 

100% of users  
= 20 products 

5 years 

Sales-lifetime-
long 

20 100% of rentals  
= 20 users 

100% of users  
= 20 products 

20 years 

Sales-sold-50% 20 100% of rentals 
= 20 users 

50% of users  
= 10 products 

10 years 
 

Sales-sold-25% 20 100% of rentals 
= 20 users 

25% of users  
= 5 products 

10 years 
 

 

As the different use and customer rates cannot be mixed in the same comparison, the altered use 

scenarios are listed separately below. Table 6 lists the scenarios for lower customer rates, representing 

the returning customer scenarios. Table 7 displays the scenarios for a full utilization rate.  

Table 6. Scenarios for lower number of users (returning customers). Adjusted values compared to 
basic scenarios are highlighted. 

Scenario Rental Number of 
rentals 

Number of users Total km of user 
transport 

Maintenance need Lifetime of 
product  

R-Users-low 20 50% of rentals 
= 10 users 

30 km  
(by private car) 

New chains every 
20th customer 

5 years 
 

 
Scenario Sales Number 

of uses 
Number of users Number of sold 

products 
Lifetime of sold 
products  

Sales-Users-low 20 50% of rentals 
= 10 users 

100% of users 
= 10 sold products 

10 years 
 

 
Table 7. Scenarios for full utilization of the rental service during an 8-month garden period. Adjusted 
values compared to basic scenarios are highlighted. 

Scenario Rental Number 
of rentals 

Number of users Total km of user 
transport 

Maintenance need Lifetime of 
product  

R-Uses-high 120 100% of rentals 
= 120 users 

30 km  
(by private car) 

New chains every 
20th customer 

4 years 
 

 
Scenario Sales Number 

of uses 
Number of users Number of sold 

products 
Lifetime of sold 
products  

Sales-Uses-high 120 100% of rentals 
= 120 users 

100% of users 
= 120 sold products 

10 years 
 

 

4.1.4 Cut off criteria 

The following points are cut off from the analysis: 
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• Infrastructure for production, processing, chemicals and heat other than an estimation of 

electricity for the final assembly of the main products 

• Production losses or break of products other than those defined in the maintenance variables 

or the ready datasets used for the sub-components 

• Retail infrastructure and processes in the sales system 

• Other safety gear that are not provided by the rental service  

• Travelling and development work linked to the deployment of the rental service (e.g. 

application development)  

4.1.5 Allocation procedures 

The allocation of production impacts with reference to the functional unit were made based on the 

assumed lifetime of the products and the physical number of products in use, as applicable (see Table 

8). The production impacts of the rental infrastructure were allocated based on the assumed lifetime 

and the number products available in the service at a time.  

Table 8. Allocation of total production impacts per functional unit period one year. 

 Rental system Sales system 
Product impacts  
(incl. all 
products and 
accessories) 

- Multiplied by the number of products needed 
- Divided by the assumed lifetime years 
(Except for chains which are accounted per 
maintenance scenarios; and bars that are 
accounted 1 per yearly service time) 

- Multiplied by the number of sold 
products 
- Divided by the assumed lifetime 

Rental 
infrastructure 

- Divided by the assumed lifetime years 
- Divided by the number of products in the 
service 

Not applicable 

 

Allocation for recycled materials 

For the purpose of this study, background data was obtained from Allocation at the point of substitution 

(APOS) version of the Ecoinvent 3.4 database (Ecoinvent, 2017). It is usable for attributional models, 

as its principle is to allocate burdens between processes per their economic shares (Ecoinvent, n.d.). 

This is relevant e.g. in the use of recycled materials, where through economic allocation, the APOS 

database assigns a share of the previous life cycle impacts to the recycled material (Bjørn et al., 2018a, 

p. 147).  

There are different ways to account for the benefits of recycling, and different methods can show better 

results for different recycling procedures. The use of APOS allows to expand the system boundaries to 

cover for example the postconsumer recycling of the products through “avoided burden” method, that 

was included in the sensitivity analysis. It means that the waste processing and recycling burdens are 

assigned to the producing system, and credit is given for the potential impacts of virgin material 

production that becomes avoided through the recycling (Curran, 2015, p. 68). 

This approach to waste recycling favours recyclability of the materials as credits are counted for avoided 

production, but does not promote the use of recycled content as an input in the production. An 

alternative for attributional studies is the “Cut-off, recycled content” version of the database, that 

follows a “Producer pays” principle that is commonly used in product EPDs (EPD International, 2017, 

pp. 61-62). This approach follows a principle of producers being responsible of waste treatments, and 

recyclable materials do therefore not provide credits for the producing system; however they are burden 

free to be recycled in the following system (Ecoinvent, n.d.).  

The cut-off method for recycling could also be argued for, to promote the use of recycled materials in 

the production (as recyclable materials do not bear burdens of the original material, only the recycling 
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processes are accounted for; see Long Trail Sustainability (LTS) (2019), Bjørn et al. (2018a, p. 147)). 9 

However, as the main goal of this study is to assess the collaborative use of products through the rental 

system, and not to focus on production improvements, the end-of-life recyclability is considered more 

interesting.    

4.1.6 Impact assessment methods 

For this study, ReCiPe 2016 Midpoint Hierarchist (H), version 1.1 (Huijbregts et al., 2016) was selected 

as the impact assessment method. It includes a total of 18 impact categories out of which 6 are 

specifically focused on (see Table 9). 

Table 9. ReCiPe 2016 Midpoint (H), version 1.1 according to Huijbregts et al. (2016, pp. 20-21). Bolded 
impact categories are focused on in this study.  

Impact category Unit  

Climate change  kg CO2 eq to air  

Ozone depletion  kg CFC-11 eq to air  

Ionising radiation  kBq Co-60 eq to air  

Fine particulate matter formation kg PM2.5 eq to air  

Ozone formation, human health kg NOx eq to air  

Ozone formation, Terrestrial ecosystems kg NOx eq to air  

Terrestrial acidification  kg SO2 eq to air  

Freshwater eutrophication  kg P eq to fresh water  

Marine eutrophication kg N eq to marine water  

Human carcinogenic toxicity kg 1,4-DCB to urban air  

Human non-carcinogenic toxicity kg 1,4-DCB to urban air  

Terrestrial ecotoxicity  kg 1,4-DCB to industrial soil  

Freshwater ecotoxicity  kg 1,4-DCB to freshwater  

Marine ecotoxicity  kg 1,4-DCB to marine water  

Land use m2a crop eq  

Water use  m3 water consumed   

Mineral resource scarcity kg Cu eq  

Fossil resource scarcity kg oil eq  

 

This study focuses mainly on the impact categories of climate change, abiotic resource scarcity (fossil 

and mineral), human toxicities (carcinogenic and non-carcinogenic) and marine ecotoxicity. Climate 

change is one of the biggest global challenges today, affecting both ecosystems and humans, and 

therefore it is included in the analysis. Concentration of greenhouse gases (GHG) in the atmosphere 

lead to radiative forcing, increasing the average temperatures. The Hierarchist method of ReCiPe 2016 

considers GHG time horizon of 100 years expressed in kg CO2 equivalents. (Huijbregts et al., 2016)  

Furthermore, as circular economy and collaborative use of products is often targeted to reduce resource 

consumption, fossil resource scarcity and mineral resource scarcity are also included in the analysis. 

Mineral resources are also of importance when analysing electric products (see, e.g.Hawkins et al., 

2013). The fossil resource scarcity is measured in oil equivalents, based on the energy content of the 

 
9 For instance, if comparing the production of 100 kg of “steel production, electric, chromium steel 18/8 | steel, 
chromium steel 18/8” that has an input of 52 kg iron scrap (recycled material), the APOS database shows as average 
1.4% more impacts than the Cut-off version (analysis made for all ReCiPe 2016 Midpoint H impact categories, 
average increase). 



20 
 

fossil resource compared to crude oil, while the mineral resource scarcity measured in kg Cu-

equivalents links to surplus ore potential (see further details in Huijbregts et al., pp. 96, 87). 

Mining of metals and leakage of toxins in battery and electronics production can contribute to various 

toxicity impacts, among others (see e.g. Hawkins et al., 2013), and therefore some toxicity categories 

were selected for the analysis. To represent the toxicities ending up in the nature often through 

dissolving to water (Wright and Boorse, 2013, p. 598), further possibly affecting biodiversity, marine 

ecotoxicity was selected in the analysis, covering the toxic effects of metal inputs in the seas and oceans 

(Huijbregts et al., 2016, pp. 67-68). The share of different lifecycle stages in freshwater ecotoxicity 

roughly followed the marine ecotoxicity results and therefore not separately focused on, even though 

provided for the main scenarios in appendices; terrestrial ecotoxicity results similarly provided in 

appendices only. Impacts to human toxicity were covered in more detail; ReCiPe 2016 Midpoint (H) 

characterizes the human toxicity potentials to kg 1,4-dichlorobenzene-equivalents (1,4DCB-eq), 

emissions to urban air, divided to non-carcinogenic and carcinogenic effects.  

Other impact categories are also noted as important, such as acidification, eutrophication and fine 

particulate matter formation. Even though these are not analysed in detail due to the timeframe of the 

study, the results for all impact categories are provided in the Appendices for the main study scenarios. 

4.2 Life Cycle Inventory  

This section presents the life cycle inventory phase of the LCA study. Data and assumptions on the 

materials of Husqvarna products, transportations, rental locker infrastructure and rental mobile 

application usage was collected from Husqvarna through meeting discussions and email enquiries. 

Efforts were made to model the chainsaw materials correctly to have a fair analysis. Ecoinvent v3.4 

database (Ecoinvent, 2017) as implemented in openLCA software (version 1.8; GreenDelta, 2018) was 

used for as background data for all the materials and processes, further referred to as “Ecoinvent 3.4”.  

4.2.1 Chainsaws 

An overview of the production process of the 535iXP chainsaw is shown in Figure 6. The processes 

covered in the analysis are the raw material extraction, component material manufacturing, final 

assembly, packaging, and transportation to rental and sales points.  The detailed inventory lists are 

provided in Appendix 1. 
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Figure 6. Process flowchart of the 535iXP, cradle-to-gate, based on discussions with (Husqvarna 
AB, 2019e), (Husqvarna AB, 2019a), Husqvarna AB (2019b) and drawing inspiration from (Lan and 

Liu, 2010). The processes marked with dashed boundaries are excluded from the analysis. 

4.2.1.1 Materials for professional chainsaw 535iXP  

The chainsaw model in the rental system is expected to be Husqvarna’s professional series model 

535iXP. To identify the components and materials of the product, Husqvarna’s chainsaw model 

T536LiXP representing the professional chainsaw10 was partly disassembled. Together with Husqvarna, 

the disassembled components were weighed on a 1-gram scale. For the components that could not be 

easily disassembled, Husqvarna’s product experts were consulted to help in gathering and weighing the 

rest of the components11. Simultaneously, the component materials were identified with the help of 

material markings, Husqvarna’s product expert (Husqvarna AB, 2019e) and by qualified assumptions. 

Where the components consisted of several materials that could not be separately weighed, the 

components were visually assessed for assigning assumed shares of each material. The previous LCA 

study on Husqvarna’s chainsaws (Kristinsdóttir and Peñaloza Corredor, 2011, Unpublished 

supplementary materials) was used as a supportive material for guidance. 

For the purpose of the study, the single materials were simplified down to the following categories: 

plastics (including glass-filled polyamide (PA-6 GF), polyamide (PA-6), polypropylene (PP), 

polyethylene), metals (including stainless steel, aluminium, sinter iron, copper) and silicone. For some 

of the materials, more specific definitions would have been available by the bills of materials, but as 

they were not detailed for all the components and weights, a simplification was done for the whole 

product. In addition, e.g. the coating of some screws (assumed black oxide coating) was excluded. 

Larger components such as control unit, engine, and cables could not be fully disassembled, and 

therefore corresponding ready datasets in the Ecoinvent 3.4 database were modelled for the analysis. 

 
10 The model consists of similar components and materials as 535i XP, while the handle position is 
different. 
11 The assembled product was weighed as 2,475 g (weight stated in user model 2.4 kg). After weighing 
all the components, 36 g missing from the total weight was assumed for screws. 
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The professional chainsaw also includes a tool, combination wrench, for tightening the chains and the 

blade. As it comes with the professional chainsaw package, this was added into the analysis (results 

grouped under the product and not shown separately).   

Modelling choices 

The simplified list of materials and components were matched together with the data available in 

Ecoinvent 3.4.  For several of the material production processes in Ecoinvent, the electricity input was 

updated to the local electricity mix of the production country (only first layer in unit processes changed, 

see full list of inputs in Appendix I) when such information was available. For the stainless steel 

production, the shares of the two main production techniques, oxygen converter and electric furnace, 

were updated according to the producing countries average production shares in 2017 (World Steel 

Association, 2019, p. 10). As hot rolling is usually the first transforming phase of steel material (World 

Steel Association, 2018, pp.15, 121), “hot rolling” was added to the process as the first step. Average 

metal working processes were added to represent the final transformation of different metals into 

product components, injection moulding was accounted for plastics. Possible additional electricity for 

further processing of e.g. in combined components were excluded due to lack of data.  

4.2.1.2 Materials for home-user model 120i 

For the sales system, home-user model 120i was taken as a presentative for the sold consumer products 

(Husqvarna AB, 2019b). The materials and their weights for this product were assessed based on a 

component list with weights12 provided by Husqvarna AB (2019b) and by analysing expanded product 

model views. Materials were assumed for the listed components by comparing the product drawings to 

similar looking items in the professional chainsaw and, if similar components were lacking, by qualified 

assumptions based on the component names, looks and weights. The modelling choices followed the 

procedure of the professional chainsaw described above. This model does not require a separate tool for 

tightening the blade and the chains. See Appendix 1, Table 13 for a full list of modelled inputs. 

4.2.1.3 Packaging 

The packaging for both systems is considered the same, as the product serving in the rental service 

system is delivered to the providers the same way as the products for sales (Husqvarna AB, 2019b). In 

addition to the carboard box, the printed paper for the user manual was also included in the analysis of 

both products. However, pallets and other delivery material than the cardboard box were excluded, due 

to their minor share per one product (Husqvarna AB, 2019a). For additional products such as chains, 

blades, charger, battery and user accessories, the packaging was excluded. 

4.2.1.4 Final assembly 

The energy needed for the assembly was not available, and therefore a roughly rounded estimation 

based on a previous master’s thesis LCA (Kristinsdóttir and Peñaloza Corredor, 2011, Unpublished 

supplementary materials) was used. The amount of electricity was taken as an average for both products 

due to lack of data, and production country’s average electricity mixes as available in Ecoinvent 3.4 were 

employed. Even though it was confirmed that in the assembly of the professional chainsaw, only 

renewable energy is used (Husqvarna AB, 2019c), this was not changed as the results illustrated a 

negligible effect of the assembly stage. Possible heat and chemicals were not included in the analysis 

(also shown as minor share of total product impacts in previous study by (Kristinsdóttir and Peñaloza 

Corredor, 2011)).  

4.2.1.5 Supply chain transport  

The transport of all the chainsaw materials and components were estimated based on geographical 

locations of the supply chain (Husqvarna AB, 2019e) and transportation modes and expected distances 

assumed together with (Husqvarna AB, 2019a). For all the truck transports, size 16-32 metric ton truck 

 
12 The component list weight was taken as a total of 3,171 grams (weight stated in user model 2.95 kg) 
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was taken as an assumed average, with EURO3 engines as the worst-case scenario. Sea freights were 

modelled as a general “transoceanic ship” transportation. 

4.2.2 Other products 

An overview of the materials and processes included in the other products is illustrated in Figure 7. A 

more detailed description of each product is given under the corresponding sub-chapter next. The 

detailed inventory lists are provided in Appendix 1. 

 

Figure 7. An overview of the assumptions for the production of battery, charger, chain, bar, systainer and chaps. 
(PWB = printed wiring board, HDPE = high-density polyethylene, PET = polyethylene terephthalate, PVC = 
polyvinyl chloride). The battery and charger are based on ready datasets in Ecoinvent 3.4 including waste, 
marked separately. 

4.2.2.1 Battery 

Both products are fitted to use the same lithium-ion batteries of either 10, 20 or 30 cells. For the 

analysis, a 20-cell battery “BLi200” was included, as it was assumed to represent the common battery 

choice (Husqvarna AB, 2019e). The battery was modelled as “market for battery, Li-ion, rechargeable, 

prismatic” battery, available in Ecoinvent 3.4 database. It was taken as an average and not altered, and 

thus for example small LED indicators for the charge level were excluded (assumed 0.1% of the total 

weight, further included in a sensitivity analysis). The final transport of the assembled battery was 

modelled separately. As the ready dataset includes a notable amount of waste treatment despite the 

exclusion of waste in the system boundaries, the sensitivity of this dataset was tested in a sensitivity 

analysis, see section 4.3.3.3.  

4.2.2.2 Charger 

In both systems, charger model “QC330” is assumed to be used for the batteries. This charger was 

modelled as a ready laptop power adapter dataset in the Ecoinvent 3.4 database. The other inputs of the 

dataset were scaled based on mass except for the ready cable and plug components (these were already 

considered as in the approximation of the actual product) and the waste process and the infrastructure, 

as they were represented with large quantities in the original dataset. It was assumed that also the 

capacity of the laptop charger dataset would be less than 100 W (based on general laptop charger watts) 

while the QC330 is a 330 W charger, and therefore the increase in inputs was also considered 

acceptable. The sensitivity to this dataset was also tested with another Ecoinvent dataset, see section 

4.3.3.3.  
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4.2.2.3 Bar and chains 

The guide bar and the chains were modelled as stainless steel (production mix according to the main 

product, see point 4.2.1) and average metal working process. A plastic cover for the guide bar was also 

included in the analysis for both systems. With lack of specific data, the transportation distances for 

materials to production and for final products to Stockholm was assumed similar as for the 535i XP. 

4.2.2.4 Systainer 

In the rental system, the battery equipment is provided to the customer in a plastic container called a 

systainer (Husqvarna AB, 2019b). A weight of 1.5 kg was assumed13 for the plastic box and the material 

was assumed to be ABS14. An average injection moulding process was added with an altered country-

specific electricity mix based on geographical assumption (with the help of Husqvarna AB, 2019b) and 

the transportation to Stockholm was added. No systainers were included in the sales scenario for home-

users as they are not included in the packaging for sales of chainsaws.  

4.2.2.5 Chaps 

The rental system includes a pair of protective trousers called “chaps” that are the minimum 

requirement for a safe use of a chainsaw (Husqvarna AB, 2019b). For the comparison in the sales 

system, it is assumed that the customers purchase similar chaps also for home-use due to these safety 

requirements, and therefore the chaps are included in both systems. The chaps were assumed to weigh 

1.7 kg15, and were modelled to include polyester with a PVC coating16. The electricity for producing the 

polyester fabric was roughly rounded from L'Abbate et al. (2018) on polyester fabric for mattress 

ticking; only the phases of yarn and fabric production were rounded as the other processes were 

uncertain17. Average European electricity as available in Ecoinvent 3.4 was modelled for this due to a 

lack of more specific production data. Other possible processes in the production (such as buckles, final 

sewing of the product) were not included due to lack of details. Ecoinvent “market for” datasets were 

used for the covered processes and final transportation was not added separately due to lack of data.  

4.2.3 Rental infrastructure 

The rental locker depot is a box that consists of a concrete bottom to ensure the stability of the box and 

a steel frame with printed panels. Its production was modelled based on a list of materials and weights 

received from the producer through Husqvarna AB (2019b), with the help of own assumptions for 

converting some shares between units. Each locker door has also a zinc alloyed padlock with a coin 

battery (Husqvarna AB, 2019b). Details on the microcomputer for the lock connection were not 

available, and were therefore modelled with an unspecified passive electronic component. The locker 

depot was assumed to be transported to Stockholm by truck. Other processing and electricity for the 

assembly was excluded due to lack of data. 

 
13 Assumed size S fitted for the chainsaw model (Husqvarna Group, n.d.-c) for which weight based on packed 
product weight 1.8 kg, available on:  
https://www.amazon.de/Husqvarna-585428701-Systainer-klein/dp/B00URRNZWG (accessed 22 May 2019) 
14 Modelled as polystyrene, being a part of the plastic group (Rosato and Rosato, 2005) 
15 Based on https://www.amazon.co.uk/dp/B00STHFARY?tag=uk-tools-21 
16 Based on https://www.husqvarna.com/us/accessories/protective-clothing/technical-apron-wrap-chainsaw-
chaps/587160704/  
17 There are different estimations for synthetic fibre production (see, for example, the extensive study by van der 
Velden et al., 2014), and the exact process was not available for this purpose  
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Figure 8. Materials and processes included in the rental locker production (dashed lines are excluded; al = 
aluminium, PET = polyethylene terephthalate). 

4.2.4 Use  

For the rental system, the use phase consists of booking through the mobile application, driving to the 

rental depot to pick up the product, using the previously charged product for pruning and possibly re-

charging it as needed, and finally returning the product back to the depot after use.   

Mobile application  

For first time users, the downloading of the mobile application, booking of the rental and watching of a 

safety video on chainsaw use is estimated to take roughly 10 minutes and to require about 85 MB of 

data use (Husqvarna AB, 2019b). For the returning customers, the booking is assumed to take roughly 

2 minutes and require 2 MB of data transfer.  

Only an estimation of the energy required for this booking transaction was included. The energy 

required for the data transfer was assumed as 0.5 kWh/GB based on (Pihkola et al., 2018)18. The energy 

required for the mobile phone use, 5.32E-06 kWh/minute/person, was based on the calculation by 

Martin et al. (2019, Supplementary materials, based on data from Malmodin et al.). Additional data 

transfer required for opening the lockers with Bluetooth connection and potential additional 

application use by the providers, as well as hardware requirements, were excluded. 

User transport 

An average Swedish driving mix was estimated to represent the user transport. This was based on the 

statistics of Trafikanalys/SCB as cited in BIL Sweden (n.d.) on the personal cars in Swedish traffic on 

the last day of 2018, which included 57% of petrol, 35% diesel, 4% ethanol, 2% of hybrid, 1% plug-in 

hybrid, 1% gas and less than 0.5% of electric and other vehicles. Based on the available personal driving 

processes in Ecoinvent 3.4, these were roughly divided into petrol (60%), diesel (37%) and electric cars 

(3%). The division of the different classifications of the cars under European emission standards were 

roughly estimated based on the same statistics on the age of the personal cars in traffic in Sweden. Due 

to lack of Euro 6 in the database, the division was modelled as 55% of Euro 5, 20% of Euro 4 and 25% 

of Euro3 cars19.  

For the alternative scenarios, the bus transport was modelled by average diesel bus as available in 

Ecoinvent database (allocated per one person-kilometre), and the home delivery with an average truck 

freight (3.5-7.5 mt) for the same km distance per mass of the total product set in the rental system. 

 
18 Based on Finnish estimation from 2016 but assumed as an indicative proximate for today’s Swedish conditions 
as well. Alternative figures exist, see e.g. Malmodin et al. (2014) for 3G estimations that are significantly higher. 
19 Cars produced during 2004-Sep 2009 (3/4 of the 2009 cars assumed) for EURO4, older for EURO3 and newer 
for EURO5 class; rounded to nearest 5% 
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Electricity 

As outlined in the functional unit, the use phase considers an average of 45 minutes of pruning, for a 

comparative end result for both saws. The relative energy use of the products was considered in the 

analysis (see Husqvarna Group, n.d.-b), based on using the BLi200 battery (36 V, 5.2 Ah) with assumed 

electricity required for its charging (Husqvarna AB, 2019d). The electricity modelled was an average 

Swedish electricity mix from 2014 as available in Ecoinvent 3.4.   

4.2.5 Maintenance and Additives 

Additional chains and chaps were included in the rental system calculations as defined in the variables, 

see section 4.1.6. 

Additionally, to reduce the wear of the chains and the bar, chain oil is added for lubricating. According 

to the user manuals, the chain oil tank should be filled up after every third battery cycle (Husqvarna 

Group, 2019a). To reach a fair comparison, the amount of lubricating oil is considered the same for both 

products despite differences in charge cycles, i.e. a total of 0.2 litres per 135 minutes of pruning20 was 

calculated for both systems. The production of the lubricating oil was modelled with an average dataset 

for lubricant oil (Ecoivent 3.4). The potential leakage of lubricating oil to the nature during use was 

modelled as an unspecified oil emission to the soil as per the study of Kristinsdóttir and Peñaloza 

Corredor (2011). However, as this database emission does not include any impact factors for the used 

impact assessment methods, it does therefore not affect the final results.   

Other additional equipment needed for the maintenance, such as files for the chains, are excluded from 

the analysis due to the uncertainty of their allocation. For the rental scenario, it is considered that the 

providers would have the possible maintenance tools in use for several products and/or other 

maintenance needs, leading to a negligible impact per one product in the rental system. For the sales 

scenario, the purchasing of such tools depends on the user behaviour. The cleaning of the products after 

use is considered the same for both systems and is not modelled separately.  

The application notification to the providers of the returned product was not modelled separately (see 

previous section). All other use of the application and user data by the providers for updates or for 

statistics is excluded from the analysis due to lack of specific data.  

For the alternative scenario including maintenance driving, similar Swedish car mix was accounted for 

as for the user transport, see previous point.   

4.3 Life Cycle Impact Assessment 

This chapter presents the LCA results of Husqvarna’s electric chainsaws in the rental and sales systems. 

First, the hotspots of the rental service are analysed on a more detailed level (RO1). Next, the basic 

scenarios for rental and sales are compared (RO2), followed by an assessment of the alternative 

scenarios (RO3). Finally, sensitivity analyses are presented to show the how the results change as a 

result of changing location assumptions, expanding system boundaries to cover waste handling or 

updating some datasets used.  

4.3.1 Results for the rental service 

Based on the Rental-basic scenario, environmental hotspots for the rental system were assessed. First, 

an overview of the rental system contributors is presented, followed by a more detailed analysis of the 

impact categories of focus. Next, the rental system is compared to the defined sales system in basic and 

alternative scenarios.  

 
20 based on three battery cycles of the 120i model 



27 
 

4.3.1.1 Overview of the rental service stages 

The results for the impact categories of focus based on the ReCiPe 2016 Midpoint (H) method are shown 

in Figure 9. The results are scaled to 100%, to show the relative contribution of each life cycle step in 

relation to the total potential environmental impact. For all the impact category results for the method, 

please see Appendix 2.  

 

Figure 9. Potential environmental impacts of the Rental-basic scenario for selected impact categories 
of focus (ReCiPe 2016 Midpoint H). The total of each impact category scaled to 100%.  

As seen in Figure 9, the user transport illustrated in dark green is a major hotspot in the rental service. 

With the average distance of the service range, a total of 30 km driving was accounted for in this scenario 

(see detailed description in 4.1.3). It has relatively lowest contribution in human non-carcinogenic 

toxicity and mineral resource scarcity, but still almost 50%; while in global warming and fossil resource 

scarcity the share is 84%. The user transport shows to be one major contributor in all the 18 impact 

categories of ReCiPe 2016 Midpoint (H) as well; see further Appendix 2. 

Despite the dominance of the user transport, also the production of the product set including the 

batteries and the charger still bears a significant impact in the basic rental scenario, allocated over the 

assumed 4-year lifetime. The potential impacts of the product are relatively large in human non-

carcinogenic toxicity (45%), and mineral resource scarcity (38%). If looking more closely to the 

modelled potential environmental impacts of the product group illustrated in Figure 10, it can be 

concluded that the product, battery set and charger all contribute largely to the potential environmental 

impacts. In addition, smaller components of bar and chain have a relatively large contribution to the 

total potential impacts as they are accounted to last for only one year in the rental use. Due to their steel 

content, they contribute most to mineral resource scarcity and human carcinogenic toxicity (29% and 

32%, respectively).  
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Figure 10. The potential environmental impacts of the product set only, in the Rental-basic scenario 
for selected impact categories of focus (ReCiPe 2016 Midpoint H). The total of each impact category 
scaled to 100% of product set’s impacts. 

For the product body itself, the main contributors are the control unit, engine, glassed-filled plastic and 

steel. Their relative contribution shares depend on the impact category. For example, for global 

warming, the share from control unit is 29%, engine production 26% and glass-filled plastics 25% of the 

total product body’s potential impacts. It should be noted that the control unit and the engine have been 

modelled with ready global datasets as more detailed information was not available, but it can still be 

assumed that these components are key contributors due to potentially including metals (magnets, 

aluminium, copper and steel); wiring boards (including circuit and wafer) and their required production 

energy.  

As for the whole battery set (in total, the battery set covers 2.86 batteries that were allocated in the 

analysis as described earlier, covering also part of the back-up batteries), it is one of the large 

contributors in the main product group’s impacts. The production of the battery cells bears the largest 

potential impacts, from both the cathode (LiMn2O4) and anode (graphite) productions, based on the 

dataset modelled. For example, the cathode production requires aluminium and lithium manganese 

oxide. The anode, in turn, has high contribution from copper foils. The wiring boards for the battery 

also bear potential impacts in the focus impact categories. Unexpectedly, however, also the potential 

environmental impacts from the charger are quite large; comparing one charger to one battery, the 

charger has larger potential environmental impacts in 17/18 categories.  The main contributors in the 

datasets used for the charger come from steel (including fossil energy in the production), copper, plastic 

and cables, depending on the impact category. It should be highlighted that for clarity, the lifetime of 

these components was assumed the same; even though in reality the use cycles could be longer, reducing 

the share of impacts to be allocated. 

Additionally, as was shown in Figure 9, the rental infrastructure bears some share of potential 

impacts. In human carcinogenic toxicity that is measured in kg 1.4-DCB it has a notable impact, 24% 

share of the total potential impacts of the rental system. A lot of the infrastructure impacts derive from 

the steel materials production. In the current analysis, the locker impacts are allocated over 10 years 

lifetime and per the number of products it serves, and if serving longer, the relative impacts would 

decrease. The use of the mobile application is however minor with less than 1% of the focus impact 

categories, mainly as Swedish electricity mix contribution is low in these categories. 

The contribution of the use phase electricity is small, and like in the mobile application use, the Swedish 

average electricity mix (mainly based on nuclear power) does not show visible impacts in the selected 
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focus categories (see, instead, ionizing radiation in Appendix 2). With higher use times and use rates 

the impacts of electricity would become higher, but it does not represent a hotspot in this analysis. 

Maintenance has only a small relative impact of the total rental system within a year with the basic-

scenario usage. As there are no additional chains included in this basic scenario, the contribution comes 

only from chain oil production, affecting most the fossil resource scarcity (see Figure 9).  

4.3.1.2 Impact categories of focus 

To analyse more specifically the exact source of the potential environmental stress, the impact 

categories of focus are commented more in detail here.  

For global warming, the main contributor is the CO2 emissions from the fossil fuel combustion from 

the user transport assumed. The share of car production allocated for driving also slightly contributes 

to this category. The product set contributes to 9% due to several production processes, e.g. for product 

body, glass-filled plastics and the fossil-based energy use included some global ready component 

datasets (such as the motor and control units). The infrastructure contributes to 4% of the total potential 

global warming impacts, mainly due to steel production using fossil energy for both heat and electricity, 

as per the datasets used. For full analysis of the different components, please see Appendix 2. 

The relative impacts in fossil resource scarcity follow the global warming impacts, where the user 

transport also contributes to 84% of the total impacts in this category. Measure in kg oil equivalents, 

the extraction of crude oil for the fuel production is the largest single contributor, along with minor 

impacts from e.g. coal used in some global production processes for energy (see Appendix 2). The 

relative contribution of the product set is only 7% (mainly due to global fossil energy mixes in some 

components mentioned), locker box 3%, and maintenance in terms of lubricating oil 2% for the fossil 

resource scarcity.  

In mineral resource scarcity, the extraction of nickel and iron are the main contributors, along with 

several other metals, such as aluminium, copper, platinum, lead, etc. Driving still adds up to 48% of the 

potential impacts, due to allocation of car production impacts that can be traced to the steel and other 

metal parts, contributing to the potential extraction of e.g. iron, nickel, aluminium, among others. As 

for the product set (38% of impacts), for example nickel extraction for steel in bar and chain similarly 

contribute to this category, along with several metals in the product body e.g. iron, copper and nickel 

(included in the average motor component dataset and steel parts or gold in circuits of the control unit 

dataset), and the metals in the battery (e.g. copper, aluminium). As only one product serves for the 

whole 20 users analysed in the basic scenario, the relative impacts of the product are not the largest 

contributor in the rental system, as later shown in comparison to the sales system. The rental 

infrastructure (13%) contributes with e.g. iron and nickel extraction for steel production. 

Different toxic emissions can contribute differently to the toxicity categories selected. For marine 

ecotoxicity, the ReCiPe 2016 Midpoint (H) methodology calculates contribution from emissions such 

as copper ion and zinc ion (main contributors), antimony, chromium VI and vanadium ion, among 

others. The sulfidic tailings from the mining of the different metals, mainly copper, as well as some 

incineration from e.g. shredder residues and copper scrap21 in production are the source of these 

potential emissions. Driving, with impacts mainly from the car production, is the main contributor 

(71%), followed by the product set (25%, mainly from metals) and locker box (4%). See further details 

in Appendix 3. 

For human non-carcinogenic toxicity, one of the main contributors is zinc ion emissions to 

groundwater, due to its very high characterization factor (8240 kg 1,4-DCB/kg)22. In the mining of the 

metals, treatment of sulfidic tailings (i.e. the ore waste from the mines) is one major contributor of this 

 
21 some large amounts of waste treatments included in average datasets used 
22 The potential amount of nickel ion is larger in mass but not contributing as much, characterization factor only 
22.8  
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potential emission. The user transport contributes still 48% of the total yearly potential impacts, due to 

the allocation of car production (metal parts). The product set contributes to 45%; mainly due to the 

battery set (total 2.86 batteries counted23) including e.g. copper (cells) and gold (circuits of the wiring 

boards)24. The locker box contributes to 6% mainly due to the steel production. 

For human carcinogenic toxicity, the largest single contribution is calculated from the potential 

chromium VI emissions to groundwater (also due to a large characterization factor of 7440 kg 1,4-

DCB/kg). The average global datasets used indicate such potential emissions, mainly from driving 

(53%), again, due to the production of the steel parts of the cars, and more specifically the landfilling of 

the steel slag and sludges in the production that can lead to leachate. As the locker box also includes a 

lot of steel, it is the second largest contributor to this category (24%) followed by the product set (22%).  

As can be concluded, the share of car production allocated per km of user transport affects the results 

especially in mineral resource scarcity and toxicity categories; the results would therefore show 

different, if only the emissions from fuel were included.  

4.3.2 Comparison of rental and sales 

The results of the rental and sales comparison are presented next; first with the basic scenario set-ups, 

and after that with the alternative scenarios with different variables.  

4.3.2.1 Basic scenarios 

For the basic comparison, it was assumed that the same number of rental users would buy a product in 

the sales system. This extreme comparison was set up in order to be straightforward and comparable in 

terms of the functional unit. Yet, the comparison is only a simplistic version of reality, based on the 

assumptions made, and should not be taken as the only conclusion without analysing the alternative 

sensitivity scenarios (presented in the following section). The full set of variables of the rental and sales 

basic scenarios were described in Chapter 4.1.6 and listed in Table 4, p. 14. 

The comparative results for these basic scenarios are presented in Figure 11 for the impact categories of 

focus (for all the impact categories according to ReCiPe 2016 Midpoint H, please see Appendix 2). As 

shown in the charts, the total potential impacts in mineral resource scarcity and different toxicity 

potentials (both human and marine) are lower in the Rental-basic scenario than the Sales-basic 

scenario. On the other hand, for the rental system, the user transport adds up the global warming and 

fossil resource scarcity potentials above the sales alternative (the potential impacts of the sales scenario 

are 66% and 60% of those of the rental in these categories respectively). This indicates the importance 

of minimizing the user transport around the service (see also other impact categories in Appendix 2) to 

reach improvements for the rental option in all categories. 

When looking at the impact categories that are especially relevant for electronic products, i.e. the 

mineral resource scarcity and the different toxicity potentials, a clear difference between the two 

systems based on the basic scenarios can be concluded. For example, in mineral resource scarcity, the 

Rental-basic scenario contributes 60% of the total potential impacts of the Sales-basic scenario, even 

with the relatively large share of car production for driving. The difference is even larger in human non-

carcinogenic toxicity, where the Rental-basic scenario contributes clearly less than half of the potential 

impacts of the Sales-basic scenario. In marine ecotoxicity and human carcinogenic toxicity, the 

difference between the rental and sales alternatives is 16 and 3 percentage units, respectively.  

 
23 2 batteries per product, and 6 back-ups in the whole system for 7 products (see Section 4.1.2) 
24 Copper and gold mining is the main contribution also in the product body (due to circuits of the wiring boards 
and copper in motor) and the charger (copper and wiring boards). 



31 
 

 

 

  

 

 

From Figure 11, it can be noted that for the Sales-basic scenario, the potential impacts of the charger 

and the battery are relatively large: for example, 31% of the total potential mineral resource scarcity 

impacts of the sales basic scenario and 30% of the potential human non-carcinogenic toxicity impacts 

are from the charger component. The charger’s significant contribution was also noted in the rental 

hotspots (see previous section 4.3.1). Especially the metals in the general dataset lead to the 

contributing mineral extraction and therefore the potential for toxic emissions, see more details in 

previous section and Appendix 2. As these component were identified as key contributors in both 

systems, while there was limited data available of their production details and the used dataset could 

not be considered certain, a sensitivity analysis was done for the data modelled, see further Chapter 

4.3.3.3.   

Not shown in the comparative figures is the slight differences of the potential impacts of the professional 

and the home-user products. There are some differences in the product impacts modelled; for example, 

in global warming impacts and fossil resource scarcity, the production of the home-user model has 

potentially more impacts compared to the professional model, due to the differences in material shares 

and e.g. the energy and country-specific production mixes used.  For the same reason, the impacts of 

e.g. human non-carcinogenic toxicity and ionizing radiation show larger potential for the professional 

model than the home-user version. For a comparison of all the impact categories of ReCiPe 2016 

Midpoint (H), please refer to Appendix 4.  

As already reviewed, the impacts of the use phase do not contribute significantly due to the negligible 

contribution of the use phase Swedish electricity in the selected impact categories. The use of chain oil 
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Figure 11. Comparison of relative results of rental and sales basic scenarios for the impact categories of focus 
(ReCiPe 2016 Midpoint H). For the rest of the impact categories, please see Appendix 2, Figure 20. 
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is grouped under maintenance, which also shows a relatively minor contribution in the whole system. 

However, these could change in case the functional unit was changed to cover a longer average time per 

one use, now only 45 minutes per use considered; or more uses per year.  

The safety chaps, illustrated in green in Figure 11, have a notable impact in fossil resource scarcity and 

global warming of the sales system, partly due to the modelled fossil plastics content (polyester 

modelled as primary material PET; and PVC). In addition, a major share of the potential impacts derives 

from the large electricity quantity modelled for the assumed fabric processing. The average European 

energy mix modelled for the electricity includes fossil sources such as coal and gas, making thus about 

57% of the chaps’ global warming potential and 40% of the fossil resource scarcity potential. It can be 

mentioned that in case the chaps would not in reality be included in the sold products, the total potential 

global warming impact of the Sales-basic scenario would reduce by 15%.   

4.3.2.2 Variables for assumed use rate 

The results of the alternative scenarios (see section 4.1.3 for their description) for the basic use rates are 

presented below in Figure 12, relatively scaled to the worse option per impact category. 

First, if looking at the rental scenario with increased maintenance (“R-Maint-high”), it can be concluded 

that the additional change of chains (one additional during a year; based on changing after every 10th 

use), together with one pair additional chaps over the whole lifetime considered (4 years), does not 

increase the potential environmental impacts relatively much in comparison to the whole system 

impacts. The increase of potential impacts in the focus categories is 1-3%25 compared to the basic rental 

scenario (biggest increase in mineral resource scarcity by 3%, not visible in the scaled relation of several 

scenarios in Figure 12). It is possible that the maintenance needs would be even higher than tested 

here, but with the most expected maintenance needs, additional change of chains, it can be concluded 

that this does not add a big difference in the system. 

Next, if the lifetime of all the products and accessories in the rental service is decreased to three years, 

the allocation of yearly production impacts increases by 1.4-fold compared to the Rental-basic scenario. 

However, as the other factors, i.e. user transport, rental infrastructure and app use stay the same, the 

total impact of the yearly service increases only a total of 2%-15% compared to the basic rental scenario, 

depending on the impact category. In human non-carcinogenic toxicity, where the product group has a 

relatively large impact compared to the other stages, the decreased lifetime increases the total impacts 

the most. In human carcinogenic toxicity, lowering the lifetime increases the rental impacts slightly over 

the Sales-basic scenario. For simplicity, the change in lifetime applies for all product and accessory 

components simultaneously. 

 
25 In all impact categories for the ReCiPe 2016 Midpoint (H) method, highest 8% increase in ionizing radiation 
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Figure 12. Potential environmental impacts for alternative scenarios (all for 20 uses, 20 users), for impact categories of focus 
(ReCiPe 2016 Midpoint H). The scenario with largest absolute potential impacts is scaled to 100%. 
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Furthermore, several alternatives regarding the user transport were tested. The changes in transport 

alternatives contribute the most in impact categories where the user transport has the largest impacts 

(global warming and fossil resource scarcity). In “R-Transport- half” the driving impacts were halved 

from the basic-scenario; to allocate only half of the average km impacts to the rental system due to 

potential proximity to other services (or, to show a shorter distance 15 km/rental, e.g. for users from 

less than 4 km distance from the service). In global warming and fossil resource scarcity potential, this 

scenario is illustrated as a slightly better option than the sales basic scenario, and is the best of all the 

rental scenarios tested. It shows the sensitivity of the model to the assumed location and driving impacts 

included; and further confirms the importance of focusing on the user habits for picking and returning 

the product, and of directing the service to the nearby areas from the depot.  

“R-maint-transp” tested how the impacts would be affected if maintenance driving was added on top of 

the average user transport (the maintenance driving impacts are grouped under “Maintenance” in 

Figure 12). This is clearly the worst option of the rental scenarios analysed, as the total amount of 

driving is the largest (total 45 km per each rental use). This scenario further confirms the sensitivity of 

the results to the location of the service; in case located far away from the providers, more transport 

impacts are likely to be induced. Even though this scenario is shown to be the highest in global warming 

and fossil resource scarcity due to the fuel combustion; the mineral resource scarcity and the toxicity 

impacts reviewed are impacted by driving due to a share of car production allocated to the transport, as 

earlier described. Due to the high sensitivity of the results to the location affecting transports, a few 

more options were included in a separate sensitivity analysis; see further Chapter 4.3.3.1.   

To test other user transport options, the “R-transport-30%bus” and “R-transport-30% delivered” show 

the potential impacts of 30% of customers using a bus or the delivery service to pick-up and return the 

product. These scenarios show potential decrease in the total impacts as expected, and the delivery 

option shows even larger potential improvements when reviewing public transport modelled as a diesel 

bus. However, with these rates, the rental alternatives remain worse than the basic sales scenario in 

global warming and fossil resource scarcity potential. Other transport alternatives might further 

decrease these impacts, see further discussion on limitations in Chapter 5.   

Looking at the sales alternatives, a decreased lifetime of the products in the sales system to 5 years 

(“Sales-lifetime-short”) stand out from the sales alternatives in Figure 12. This is clearly the worst 

alternative in mineral resource scarcity and the toxicity categories analysed; and second worst for global 

warming and fossil resource scarcity. The scenario represents an extreme set-up where the low use rates 

modelled (1 time per year per home-user) are combined with a low use life of all the product (again, for 

simplicity the lifetime applies to all product components). The lifetime of the products in the sales 

system with low use rates is subject for speculation, especially with such low use rates. However, this 

alternative shows the high impacts of “underutilized” products, for occasional users. The “Sales-

lifetime-long” scenario illustrates that a 20-year-lifetime would in turn significantly reduce the total 

impacts of the sales alterative, making it better than the Rental-basic in several categories. Compared 

to the Basic-sales scenario, these alternatives show the sensitivity of the results to the lifetime 

assumption in the sales system.The comparative results are thus completely dependent on how much 

and how long the sold products are assumed to be used.  

Furthermore, it is not likely that all the users of the rental service would alternatively buy a product. 

This reality was tested with the alternatives “Sales-low-50%” and “Sales-low-25% where 50% and 25% 

of customers would alternatively purchase the home-user version of the tool. In all of the impact 

categories, the “Sales-low-25%” is the best alternative of all the scenarios, including all the rental 

scenarios tested. The “Sales-low-50%” scenario performs better than the rental alternatives in half of 

the categories analysed. This can indicate that if the rental system creates new uses, there is potential 

to lead to increased impacts. Yet, with the lower sales alternatives, it needs to be highlighted that these 

scenarios do not consider the production impacts of the rest of the uses, i.e. the other half of the 

customers still using the product without buying it, for example through lending (same amount of use 
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electricity and lubricating oil is modelled for these scenarios for a fair functional comparison). 

Moreover, these alternatives could also lead to as much driving as the rental scenario – an aspect that 

is neglected in the simplistic scenarios. These alternatives are therefore only indicative, but highlight 

that the comparative results are highly dependent on the reference scenarios assumed.  

4.3.2.3 Returning users 

All the previous scenarios are based on the assumption that each rental is made by a different customer. 

It is also possible that the same customers would return to the rental service for the same product within 

the functional unit period 1 year. This was modelled in “users-low” scenarios where the number of yearly 

rentals/uses stay the same (20) but the number of customers is only half of that (10), i.e. each user 

renting the chainsaw twice during the year. In the rental scenario, this changes only the impacts in the 

application use, as the data transfer and booking time decreases. In the sales system, the halved number 

of users directly decreases the amount of sold products, and therefore the comparison results of the two 

systems are changed, shown in Figure 13. 

 

 

 

Figure 13. Potential environmental impacts for scenarios with lower number of users, for impact 
categories of focus (ReCiPe 2016 Midpoint H). 

With the amount of driving accounted for, it can be concluded that if the users use the purchased 

product twice a year for 10 years, in comparison to renting the same product twice in a year, the yearly 

impacts are lower in five out of six categories. The difference of the two systems becomes larger in global 

warming and fossil resource scarcity; and marine ecotoxicity and human carcinogenic toxicity potential 

becomes larger for the rental system compared to sales. Only in human non-carcinogenic toxicity, the 

potential impacts of the sales system stay bigger than those of the rental due to the large potential 

impacts from the product, followed by the charger and the battery. 
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The comparative results are therefore very dependent on the user base. To point out, these scenarios do 

not apply for returning renters that utilize other products in the service; as then the comparison would 

require additional sold products.  

4.3.2.4 Increased number of rentals 

As a final scenario set-up, it was tested how the results would change if the rental service would be 

theoretically fully utilized during an 8-month garden period. The number of rentals/uses was therefore 

increased up to 120, while the other factors were kept the same as in the basic scenarios. The results are 

shown in Figure 14.  

 

 

 

 

Figure 14. Potential environmental impacts for increased number of uses, for impact categories of 
focus (ReCiPe 2016 Midpoint H). 

In this set up, all the other impacts increase linearly except for the impacts of the products in the rental 

system that (in absolute figures) stay the same. Their relative contribution significantly decreases, as 

the product serves more rental customers. In mineral resource scarcity and the toxicity categories 

reviewed, the potential impacts of the Rental-uses-high scenario are lower in comparison to the Sales-

uses-high. The difference becomes largest again in non-carcinogenic toxicity, where the rental option 

contributes to only 27% of the potential impacts of the sales. If looking at all the other potential rental 

impacts except the user transport, they present only a minor share of the total sales impacts; however, 

the user transport cannot be neglected. Due to the high potential user transport impacts, the Rental-

users-high scenario still contributes to larger impacts than the sales system in global warming and fossil 
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resource scarcity, even though the difference between Rental-users-high and Sales-users-high is smaller 

than between the basic rental and sales scenarios.  

As a conclusion from this set-up, the more the product in the rental service is utilized, the better it 

performs compared to the sales system, assuming that the other parameters do not change. However, 

as the products share of the total impacts is low compared to user transport, the difference does not 

change significantly, so the dynamics between the rental and sales basic scenarios still stay the same. 

Focusing on increasing the use rate of the product while minimizing the user transport is therefore 

essential. 

4.3.3 Sensitivity analyses 

This section briefly describes the sensitivity analyses made for the rental depot location, the expansion 

of system boundaries to include waste handling and finally the differences in some of the Ecoinvent 3.4 

datasets used.   

4.3.3.1 Sensitivity for Rental service location 

As the user transportation to the rental service proved to be a hotspot in the system, and as there is no 

confirmation on the actual user distance, a sensitivity analysis was made to remove the need for user 

transportation. This scenario was tested in order to understand how the potential impacts would change 

if the rental depot was placed in the middle of residential areas, closer to the customers. Even though 

providing the service within a walking distance from a user’s residence can help to avoid private 

customer transport, it might in turn require transport for the maintenance, if the providers are located 

further away. For this sensitivity scenario, the driving distance for maintenance was also tested to be 

within a similar average distance of 7.5 km as in the basic scenario for users (15 km back and forth), to 

see how the change of location may affect the overall impacts. Furthermore, another alternative was 

added to see how the results would be affected if the maintenance check is done for two products 

simultaneously, therefore allocating only half of the total driving to the chainsaw (see Table 10).  

Table 10. Sensitivity scenarios for location close to residential area. 

Scenario Rental No of 
rentals 

No of users Total km of 
user drive 

Maintenance need Lifetime of 
the product  

R-sensitivity-loc 20 100% of rentals 
= 20 users 

0 km  New chains every 20th 
customer 

4 years 
 

Maintenance drive:  
15 km per rental 

R-sensitivity-
loc-half 

20 100% of rentals 
= 20 users 

0 km  New chains every 20th 
customer 

4 years 
 

Maintenance drive: half 
driving allocated i.e. 7.5 
km per rental 

 

The total km of driving in these sensitivity scenarios is less than the km accounted for user transport in 

the Rental-basic scenario, therefore reducing the total impacts. The main reduction shows in the impact 

categories where the user driving contributes relatively largest, namely global warming and fossil 

resource scarcity. The results for global warming are therefore illustrated in Figure 15, together with the 

earlier Rental-basic scenario and R-maint-transp scenario to compare these in context. 
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Figure 15. Sensitivity analysis: characterized results of Global warming, for one possible scenario 
with altered location. 

As illustrated in Figure 15, the more the overall amount of transport is reduced, the better the results 

are, and vice versa. Clearly, from an environmental perspective, the best option is to locate the service 

close to the users but within a short distance from the providers as well, to lower the transport distance 

for maintenance.  

However, this result is again dependent on the assumptions made. For example, it is not certain how 

the products would be picked up by the users even with low distances. On the other hand, the provider 

might have more power to consciously optimize the driving around the rental service to reach the “R-

sensiticity-loc-half” scenario, or there might be potential to share the maintenance service and driving 

with other activities, depending on the case and use rates. As a conclusion, carefully balancing 

maintenance and user accessibility is of key importance in the service set up, in order to reduce the 

potential transport around the service in total.   

4.3.3.2 Sensitivity covering Waste handling 

The waste handling of the products was excluded from the main analysis. It was nevertheless considered 

important to include an assessment of the potential impacts of the waste handling, and therefore the 

system boundaries were expanded to cover the waste handling of the products. The modelling of the 

waste is described in detail in Appendix 5, with treatments accounted for the different components. Part 

of the different fractions destined for incineration and recycling treatments simultaneously lead to the 

production of heat and electricity or recycled steel, for which avoided burdens method was applied (see 

Chapter 4.1.5). The system was expanded to cover the multi-output of part of these waste treatments 

and credits were accounted for the avoided burdens of the virgin material or market electricity and heat 

that would be created otherwise. For the more complex components modelled as average datasets such 

as motor and control units, no avoided burdens were assigned. See Appendix 5 for full details of the 

waste modelling. 

Results of waste handling 

The results for the expanded system boundaries covering the waste treatments are shown in Figure 16. 

The rental and sales basic scenarios are shown in light and dark grey, respectively, and the potential net 

impacts of the waste treatments are highlighted in orange, to show the difference in the results.  

0%

20%

40%

60%

80%

100%

Rental-basic R-transp-maint R-sensitivity-loc R-sensitivity-loc-half

Global warming

Product Accessories Rental (infra, app)

User drive Use and maintenance Maintenance drive



39 
 

 

Figure 16. Sensitivity results for adding waste handling with avoided burdens. Waste impacts are the total net 
impacts accounted for. 

As seen in Figure 16, as there are more products included in the sales basic scenario, the total net waste 

impacts increase especially the total impacts of sales system26. From the focused impact categories, the 

largest increase in total potential impacts is in marine ecotoxicity and in global warming for the sales 

scenarios.  

For the global warming impacts in the Sales-basic scenario, the main contribution (38%) on the waste 

comes from the treatment of the electric chainsaws, followed by chaps, charger and battery. The main 

emissions are from the CO2 emissions from the plastic incineration (by contrast, credits are accounted 

from avoided pig iron production and heat generation). For marine ecotoxicity, the main contributors 

for the waste impacts are the waste treatments of the charger (48%) and the product itself (46%). The 

main emission in the charger waste treatment (used IT accessory dataset) affecting marine ecotoxicity 

is copper ion emissions to water. This comes from the incineration of the residues from mechanical 

treatment. Similarly, for the product, the treatment of the used powertrain contributes the most due to 

copper ion emissions to water. Mineral resource scarcity shows a slight credit in total potential impacts 

(see Figure 16), mainly due to the recycling of the steel parts leading to avoided burdens of virgin pig 

iron production. 

Overall, the inclusion of waste treatments within the system boundaries makes the potential impacts of 

the sales system larger in the comparison, due to the higher number of products required for the system. 

Yet, it does not change the conclusions of the better performing alternative between rental and sales 

with the basic set-ups. However, the sold products might lie with the users also long after their service 

life, and the rental service might help to ensure correct end-of-life treatment of e.g. the lithium-ion 

batteries, that are known for their pollutive compounds if ending up e.g. in landfills (Zheng et al., 2018). 

It is also noted that despite the good waste management practices in Sweden, electronic waste is a 

growing global problem, especially due to potential illegal exports of electronic waste, which can lead to 

risk of inappropriate treatments (see e.g. BAN Basel Action Network, 2019). 

 
26 The waste treatment of the rental infrastructure is not included in the analysis.  
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4.3.3.3 Sensitivity of Battery dataset 

A sensitivity analysis was done for the battery dataset due to its uncertainty, presented in detail in 

Appendix 5. Despite the differences in the tested assembly data (all based on Ecoinvent li-ion battery 

cell data), the impacts to the total results for the basic scenarios were minor. However, for example 

Ellingsen et al. (2014) have showed that the LCA results for batteries can vary more significantly (see 

more in Appendix 5), something that could be noted for further studies of electronics.  

4.3.3.4 Sensitivity of Charger dataset 

The sensitivity of the selected dataset for the charger27 was also tested with two alternatives: Ecoinvent 

3.4 dataset for scooter charging “charger production, for electric scooter | charger, for electric scooter 

| APOS, S – GLO” (Charg-sens1) and data for an AA battery charger roughly based on Parsons (2006) 

(Charg-sens2). These were scaled to the QC330 battery based on mass and own transport assumptions 

were added, see details in Appendix 7.  

As an example for the effect to the total results, global warming is illustrated below in Figure 17 (for 

comparison of the separate datasets for all impact categories, see Appendix 7). The datasets have 

different share of materials, and for example the scooter charger includes more detailed processes and 

materials, such as wiring boards and a toggle that are not separated in the laptop dataset. It is possible 

that the impacts of the QC330 charger would be somewhere in between these datasets; but due to lack 

of specific data, this cannot be concluded. Yet, the sensitivity analysis indicates that the potential 

impacts might be even higher than those in the main analysis, affecting the total comparison of rental 

and sales by potentially making the basic sales scenario almost equal to the rental in the global warming 

potential (see Figure 17). If combined with the impacts of the waste handling according to the previous 

chapter, the total impacts of the sales system could potentially be slightly worse than the rental scenario 

for the GHG emissions.  

   

Figure 17. Sensitivity analysis of charger datasets, results for Global warming (ReCiPe 2016 Midpoint H), 
relatively scaled to the largest impacts (basic scenarios and sensitivity shown separately). 

 
27 Like the battery dataset, including waste treatment for the component 
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5 Discussion 
Our consumption habits are required to change at an urge to meet the limitations of the environment 

(see e.g. the Planetary boundaries, Rockström et al., 2009). While legislative measures at an 

international level are required, also companies and consumers can contribute in order to reduce the 

environmental impacts of our Western lifestyles. As reviewed in Chapter 3, collaborative use of products 

and PSS can present potential for reduced environmental impacts, however these approaches need to 

be assessed with a holistic scope. The results of this research, illustrated through a case study, indicate 

that rental services may help to better utilize products during their designed lifetimes. The results 

further suggest that in order to avoid any burden shifting, transport around such services is to be 

minimized. In addition, the results demonstrate the challenge of assessing such consumer systems, and 

that several variables can affect the end results.  

5.1 Case study results 

5.1.1 Environmental hotspots of the rental service  

The first objective (RO1) of the analysis was to identify potential environmental hotspots in the “Tools 

for You” rental service by Husqvarna. Based on the main scenario analysed, user transport was one 

major contributor to the impact categories reviewed. As was shown in the alternative scenarios, by 

minimizing the user transports needed around the rental service, the environmental potential of the 

service could be realised. Thus, the focus area for developing the rental service is recommended to be 

in finding ways to reduce the potential driving by private cars; for example through optimizing the 

location close to both users and providers or alternatively with the help of public transport or a delivery 

service; supported by previous studies (Zamani et al., 2017, Martin et al., 2019) . The survey on the first 

pilot project (Husqvarna AB, 2017) showed that users from a longer distance may even increase the 

average distance over the one considered in this study, highlighting the importance of this aspect. 

Increasing the awareness of the rental service users to the pick-up stage could also help to lower 

transport impacts. 

In the Rental-basic scenario, the next largest contributor to the overall environmental impacts was the 

product set, influenced by the product body, batteries, charger and the bar and chains. To further reduce 

their impacts, it can be recommended to e.g. optimize the amount of back-up batteries to the minimum 

and to utilize these components as long as possible despite potential updates in the main product 

models. If the bar and chain serve longer than modelled in the scenarios, the product set impact can be 

further reduced. Furthermore, as was shown in the alternative scenario with theoretically maximizing 

the use times, the relative impacts of the products can decrease if serving several users, and further 

allow to utilize the full technical potential of the products (see, e.g. Amaya et al., 2014 for intensified use 

of PSS). Additionally, the rental infrastructure (locker box) contributed with some impacts due to the 

large amount of steel; possibilities for alternative material design could therefore be assessed, but 

especially extending the service life of the infrastructure as long as possible is recommended.  

In addition, in case the products in the rental service would be exchanged to newer models before the 

end of their technical lifetime, they might still be usable; therefore re-selling the used products might 

prolong their lifetime. Improved re-manufacturing is an additional aspect of PSS (e.g. Amaya et al., 

2014, Bocken et al., 2014), which might provide potential through collecting re-usable parts for circular 

production. Although not specifically focused on in this study, the service could thus provide further 

opportunities for circularity to be considered (see also Michelini et al., 2017). 

5.1.2 Comparison to traditional sales 

Regarding the second objective of the study (RO2), the results indicated that the relative production 

impacts of the chainsaw and other accessories can be significantly reduced in the rental service serving 

several customers, when compared to a linear sales alternative where everyone purchases their own 

product. For the basic scenarios defined for the rental and sales systems, the rental service also 

illustrated lower total impacts in mineral resource scarcity and toxicity impacts reviewed. However, the 
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results indicated that the hotspot of the service, user transport, may lead to notably higher impacts in 

global warming and fossil resource scarcity. The risk of the user transport outweighing some of the 

potential environmental improvements in collaborative services is in line with for example Zamani et 

al. (2017) and transport has been noted as a major contributor in other similar studies as well (e.g. 

Martin et al. 2019). By focusing on reducing the impacts from the rental service hotspots discussed 

above, the full potential of the service could therefore be employed.  The comparative results are 

however completely dependent on the assumptions made, as discussed next. 

5.1.3 Sensitivity of the results 

The third objective of the study (RO3) was to assess the sensitivity of the results to the assumptions 

made. For the rental service, the results depended especially on the transport; both the user distance 

and mode of transport, and potential need for maintenance transport, had an effect to the results. 

Despite the potential misuse of shared products (noted e.g. in the sharing of bikes, Amaya et al., 2014), 

the maintenance needs in terms of additional chains and chaps did not show large contribution to the 

overall results. On the other hand, the scenario with lower lifetime for all components, “R-lifetime-

short”, indicated a potential increase of 2-15% in the total impacts, depending on the category. In reality, 

professional maintenance might also increase the lifetime of the products, depending on the case (see, 

for example, Amaya et al., 2014).   

In the sales system, the assumptions on the lifetime of the sold products proved to strongly affect the 

results, highlighting that comparative conclusions depend on the reference scenario. Especially as these 

numbers were based on own assumptions, the comparative results present high uncertainty. In 

addition, the alternative scenarios with 50% and 25% sales significantly lowered the total impacts of the 

sales system; although they did not specify if the rest of the users would e.g. lend the product from their 

neighbours or hire a professional, both options that might on the other hand lead to as much driving as 

the rental of the product. Additionally, the sensitivity analysis covering waste handling of the products 

illustrated that the waste treatments may increase especially the total impacts of the sales alternative 

including more products, indicating that such impacts should ideally covered in future studies as well.  

These points demonstrated that large amount of assumptions are challenges for complex PSS studies, 

something that has been highlighted in the literature (e.g. Martin et al. 2019, Kjaer et al., 2016). Yet, 

this should not discourage for striving for better understanding of the potential environmental impacts 

of PSS, and additional scenarios can be recommended to further test different combinations. Based on 

the sensitivities illustrated, a follow-up research of a fully launched rental service is also proposed 

through user interviews, to reach a more robust analysis and to better understand user behaviour with 

the selected products. A behavioural study for the products in questions could provide additional 

insights that would be useful for assessing the reliability of these results.  

5.1.4 Recommendations 

Based on these discussed points, some initial improvement ideas for further discussion regarding the 

“Tools for You” rental service are summarised in Table 11.  

Table 11. Initial improvement ideas for the service for further discussion, based on the discussed study results. 

Initial improvement ideas for discussion 
User 
transport 

Careful planning of the service location; balance between proximity to users, public transport and 
the service provider 
Focusing marketing in the nearby neighbourhood and smaller distance range 
Considering discount for renting several garden care products to reduce additional transport 
(potential rebound effect of additional use is though acknowledged) 
Increasing the user awareness for minimizing additional transports, by for example additional 
“tips” for pick-up at the order confirmation and for combined routes for potential other nearby 
services  
Considering delivery options in the service as it may help to reduce transport impacts 
Developing ways to easily carry the products, even in public transports (also noted in one of the 
initial pilot feedback (Husqvarna AB, 2017)) 
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Potential of removing the need of maintenance checks after each use, through e.g. charging decks 
inside lockers (although electricity access requiring more infrastructure installations, calling for 
further analysis of net impacts), to move service closer to residential areas for reduced transport 

Product 
and infra 
impacts 

Minimizing the amount of batteries and chargers in the system, as they showed to be major 
contributors to the overall product impacts.  
Keeping other components in use as long as possible, despite the potential change of product 
models 
Considering increasing the availability time of the products; potential of setting the products for 
last-minute rentals in case returned early by previous customers 
Maintaining the locker and utilizing as long as possible; considering after markets with suppliers 

Other Consider after-life of updated rental models; potential for re-selling used models and/or 
collection of re-usable parts for remanufacturing 
Additional potential for collection point for home-used parts; potential to ease recycling 
(challenge of small volumes) 
Follow-up on user behaviour and motivation to reach a more holistic understanding of 
environmental impacts as a total  

On a wider context, it could be assumed that the emissions from driving might decrease in the coming 

years as electric cars expand; even though these do bear impacts that need to be accounted for (see, e.g. 

Nordelöf et al., 2014). The city infrastructure, transport and logistic services should adapt to the 

changing transportation needs of residents, to allow exchange of larger items within the local areas in a 

sustainable manner. Some solutions are already developed, such as larger residential lockers or cycle 

logistics such as cargo bikes, but their full potential still requires more cooperation between different 

parties (see Schliwa et al., 2015, Kauf, 2016). Wider collaboration across industries and city planning 

might help to find synergies, to ultimately reach environmental improvements on a system level. 

To further reduce the impacts of production, wider utilization of already existing resources can be 

recommended. Peer-to-Peer sharing allows to exchange materials, potentially without additional 

infrastructure except internet platforms (see Martin et al., 2019 for a peer-to-peer sharing assessment), 

although the advantage of PSS with e.g. maintenance services is missing. Local sharing in the home-

owner neighbourhood could therefore present another alternative to reduce the transport required for 

accessing the products, and further to intensify the use of already existing products. Husqvarna is also 

investigating the potential of such initiatives (see Husqvarna Group, 2019b). 

5.2 Limitations 

The results of this study are dependent on the defined scope, the assumptions made, and the data used, 

and are therefore only an indication of the potential total impacts. These limitations have been outlined 

throughout the analysis and some of them are further commented here.  

5.2.1 Scope of the study 

The application of LCA for service systems can be more complex than for clear product analyses, as 

recognized in this study and in previous research (e.g. Kjaer et al., 2016, Amaya et al., 2014). As was 

reviewed in Chapter 3 Background, different functional units can be applied for studies with different 

scopes; and the definition of the functional unit for a service system is different from pure product 

analysis. The challenge in the functional unit is to limit the calculation to equivalent alternatives, and 

the functional unit applied in this analysis was formed to be able to cover the wanted aspects of the 

scenario variables. It is possible that different approaches, such as one product use or availability of 

the product, could lead to different results. Even though the use of several scenarios can make the 

analysis and conclusions more challenging, they were considered a requirement for this study to cover 

the variable aspects of the service and sales alternative setting. 

Moreover, the reference system to the rental service was limited to the defined sales alternative only, 

and therefore does not allow to assess full consequences of the adoption of the rental service. As defined 

in the delimitations of the study (see Chapter 1.2), potential rebound effects were not included in the 

analysis. Rebound effects, widely discussed in literature, are difficult to measure; the net effects of 

potentially saved money being used to something else may lead to contrary results. In addition, as 
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discussed by e.g. Schor (2014), availability of products through sharing services could lead to a use that 

would not happen otherwise, as the cost of the use is lower; but this cannot be considered to be a high 

risk for such function oriented products. What is more, further sales after rental use might occur if the 

rental service is used more as a testbed for products, increasing the total impacts28; see also discussion 

by (Bocken and Short, 2016) on the potential and challenges of sufficiency-based business models. To 

address these limitations, further consequential studies are suggested to cover this kind of variety of 

impacts.  

Furthermore, for example the signifcant contribution of the chaps in some categories for the sales 

system illustrated both the effect of assumptions and the importance of holistic analyses, to cover all 

the relevant product impacts in the study boundaries. This confirms the recommendation by Kjaer et 

al. (2016) to cover all contributing processes in PSS studies. The system boundaries of this study did 

not cover e.g. potential further safety equipment (such as helmets), maintenance tools nor the retail 

impacts in the sales system. Furthermore, as was shown in the analysis, the user transport affected the 

analysed categories also due to a share of car production being accounted for the driving impacts in the 

Ecoinvent 3.4 database; on the other hand, for the mobile application use, no hardware impacts were 

covered. Traditionally, the manufacturing of the devices such as mobile phones is the main 

environmental contributor (see, e.g. Malmodin et al., 2014, Pihkola et al., 2018,  or infra hardware in 

Lelah et al., 2011); therefore, these impacts could be suggested to be included in further analyses, in 

addition to the energy requirements modelled here. The lifetime assumptions were also highly 

uncertain, and a more dynamic model could be used to assess different lifetimes for different 

components. Finally, the results of the use phase were limited to the Swedish context modelled, and e.g. 

different electricity mixes or user transport habits might affect the results in other countries.  

As for the impact categories reviewed, it should be noted that the assessment of toxicities is a widely 

discussed topic in LCA, as the characterization factors are not always mature between different methods 

(Pizzol et al., 2011a, Pizzol et al., 2011b); hence these results bear uncertainty29. Furthermore, for 

example toxicity impacts are more local whereas climate impacts affect globally, therefore the whole 

perspective needs to be included. To allow the reader to assess other potential impacts, an overview of 

full results of the ReCiPe 2016 (H) method for the Rental-basic and Sales-basic scenarios were included 

in the Appendices, though their deeper analysis were excluded from the scope.  

5.2.2 Uncertainties in data 

As a general limitation on LCA studies using average data, the results present only a “best estimate”  

(Bjørn et al., 2018b). Several assumptions were made regarding the potential rental service setting in 

Stockholm, Sweden and regarding the defined sales alternative. Even though the previous pilot project 

provided good background regarding the service design, several uncertainties regarding user behaviour 

remained. These were partly tackled by using different scenarios that illustrated the dependencies of 

the results, as above discussed. Further behavioural studies and interviews with service users after 

deployment are strongly recommended to reach more reliable analysis in the future. 

Additionally, despite striving to accurately account for the tangible product impacts, several 

simplifications were done within the timeframe of the study, as outlined in the LCI (see Chapter 4). 

What is more, the sensitivity analysis especially for the charger illustrated that the average dataset used 

can alter the total potential impacts, especially leading to different relative shares between the sales and 

rental alternatives. This highlights the importance of accounting for as accurate product data as possible 

even in the assessment of service systems (see also Dal Lago et al., 2017).  

 
28 On the other hand, the rental service might further help to sell battery-based products instead of fuel-based 
models, but such net impacts can be difficult to measure. 
29 In addition, potential zinc ion emissions to water were the main contributors to both marine ecotoxicity and 
human non-carcinogenic toxicity categories assessed 
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Furthermore, it is possible that the lack of the latest EURO6 personal cars in the database might slightly 

worsen the transport results, together with the lack of alternative fuels such as biofuels and biogas. The 

results for the alternative transport (average diesel bus and delivery service) might also be decreased 

with more detailed data for the local context; therefore, even better improvements might be gained with 

other modes of transport. Similarly for delivery services, the actual optimized routes instead of average 

Ecoinvent 3.4 truck data might show lower total impacts (see Martin et al., 2019). 

Nevertheless, based on the assumptions, boundaries and data choices outlined in Chapter 4, the results 

of this study can be taken as indication of the main environmental contributors of the tool rental service, 

and to highlight key focus areas for the future. To allow the readers to critically assess the quality of the 

work, transparency has been a key target throughout the study. Further studies are encouraged to 

collect more use information of the consumers and to test different boundaries and scopes for similar 

studies. 
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6 Conclusions 
This study assessed the environmental impacts of Husqvarna’s tool rental service, assumed to be located 

in Stockholm, Sweden, by analysing the yearly impacts of an electric chainsaw in the service using LCA 

methodology. The objectives were to identify the main environmental contributors in the rental service, 

to compare the service to a traditional linear sales alternative, and to test how sensitive the results are 

to the assumptions made.  

The main environmental hotspot in the rental system was identified as the user transport for picking 

and returning the product from and to the rental depot. Therefore, it was suggested to find ways to 

reduce such impacts, e.g. through optimizing the service close to users or by delivery services, among 

others. In addition, it was shown that the more the service is utilized, the lower the product impacts per 

yearly use rates decrease. This means that an intensified use of products can help to decrease the 

production impacts per use.  

When compared to the linear sales alternative, the results illustrated that the rental service had lower 

potential impacts in mineral resource scarcity and the selected toxicity impacts, as only one product 

served several users.  Due to the user transport, the rental system presented a risk to contributing to 

notably higher impacts in global warming and fossil resource scarcity than the sales system, depending 

on the distances and modes of transports. By minimizing additional transport around the service such 

potential trade-offs could be minimized.  

The different scenarios tested highlighted that the results are dependent on several assumptions and 

the reference scenario. Especially the distance and mode of user transport to the rental service, and the 

assumed product service lifetimes strongly affect the end results. Further studies on user behaviour 

were suggested to reach more robust analyses on consumer services. Rebound effects that were out of 

the scope of the study could be covered in future assessments. The results might be different if analysed 

in another country where the service is launched to. 

Overall, the rental service presents potential for better utilizing the designed service lifetime of the 

products produced. By focusing on reducing the additional transport for accessing and maintaining the 

service, the full environmental potential could be employed. If similar services and collaborative 

consumption become more common, it can be recommended to find synergies in cooperation between 

several actors on a system level, such as product providers, logistic companies and city planning.  
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Appendix 1 Inventory data  
 

Product 535iXP 

Table 12. Inventory data for product 535i XP. 

 
Input Ecoinvent 3.4 process Comment 

M
a

te
r

ia
l 

in
p

u
ts

 

Glass-filled 
plastics 

nylon 6 production, glass-filled  Data based on material markings and weighing. Unit process contains aggregated data, 
therefore electricity mix could not be specified 

All steel 
parts 

steel production, converter, chromium steel 
18/8 * 

Assumption for all steel parts regardless of additional coating. 
Steel production mix updated with producing country’s average share in 2017 based on 
World Steel Association (2019).  
* Electricity input updated with producing country’s electricity mixes 

steel production, electric, chromium steel 
18/8 * 
hot rolling, steel * 

Polypropyl
ene 

polypropylene production, granulate Material data based on assumption, visual estimation of weighed combined component.   
Unit process contains aggregated data; therefore electricity mix could not be specified. 

Polyamide nylon 6 production  Material data based on material markings, BOM and assumptions, mass based on 
weighing.  
Unit process contains aggregated data; therefore electricity mix could not be specified. 

Sinter iron sinter production, iron * Material based on product expert (Husqvarna AB, 2019e), mass based on weighing. 
* Electricity input updated with producing country’s electricity mixes 

PET polyethylene terephthalate production, 
granulate, amorphous * 

Share of materials based on markings, mass based on weighing. 
* Electricity input updated with producing country’s electricity mixes 

Silicone synthetic rubber production Material based on assumption, mass based on weighing. Dataset includes extrusion 
process. 
* Electricity input updated with producing country’s electricity mixes 

Aluminium aluminium production, primary, ingot  Material based on assumption, mass based on weighing.  
Specific energy mix for aluminium production in the area is not changed 

Copper copper production, primary Energy mix not updated as the component is less than 1% share of the total weight of the 
product. 

Motor 
component 

electric motor production, for electric 
scooter  

 

Control 
unit 
component 

electronics production, for control units  Ready component of steel 46%, plastic 32%, printed wiring boards 14%, cables 8%. Does 
not include the final assembly, but is concluded representative enough for the study. 

Mix of 
cables 

cable production, ribbon cable, 20-pin, with 
plugs  

Represents a mixture of cable parts, mass based on weighing.  

Cables cable production, unspecified Visually estimated share of mixed parts.  

M
a

t
e

r
ia

l p
r

o
c

e
s

s
e

s
 injection 

moulding 
injection moulding * Applied for all plastics (1 kg per 0.994 kg plastics as per Ecoinvent).  

* Electricity input updated with producing country’s electricity mixes 
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steel work metal working, average for chromium steel 
product manufacturing  

Applied for all steel parts.  
Specific industry energy mixes (GLO) not changed.  

aluminium 
work 

metal working, average for aluminium 
product manufacturing 

Applied for all aluminium parts. 
Specific industry energy mixes (GLO) not changed. 

copper 
work 

metal working, average for copper product 
manufacturing 

Applied for all copper parts. 
Specific industry energy mixes (GLO) not changed. 

transport, 
product 
materials 

Assumed transport / Confidential  

A
s
s

e
m

b
ly

 

energy for 
assembly 

market for electricity, medium voltage  Rough assumption, rounded based on previous LCA (Kristinsdóttir and Peñaloza 
Corredor, 2011) 

P
a

c
k

a
g

in
g

 

user guide offset printing, per kg printed paper   Dataset includes materials, processes and processing waste.  

corrugated 
board box 
material 

corrugated board box production  Represents the corrugated board input material for the packaging boxes.  

box 
production 
and 
printing 

carton board box production service, with 
offset printing 

Production process for boxes, 0.83 kg per 1 kg of cardboard box.  

transport, 
packaging 
material 

Assumed transport / Confidential  

T
r

a
n

s
p

o
r

t 

transport, 
assembled 
product 

Assumed transport / Confidential  

 
 

Product 120i 

Table 13. Inventory data for product 120i. 

 
Input Ecoinvent 3.4 process Comment 

M
a

te
r

ia
l 

in
p

u
ts

 

Glass-filled 
plastics 

nylon 6 production, glass-filled  Unit process contains aggregated data, therefore electricity mix could not be 
specified 

All steel 
parts 

steel production, converter, chromium steel 18/8 
* 

Assumption for all steel parts regardless of additional coating. 
Steel production mix updated with producing country’s average share in 2017 based 
on World Steel Association (2019).  steel production, electric, chromium steel 18/8 * 
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hot rolling, steel  * Electricity input updated roughly with producing country’s electricity mixes 

Polypropyl
ene 

polypropylene production, granulate  Unit process contains aggregated data; therefore electricity mix could not be 
specified. 

Polyamide nylon 6 production  Unit process contains aggregated data; therefore electricity mix could not be 
specified. 

Sinter iron sinter production, iron * * Electricity input updated with producing country’s electricity mixes 

PET polyethylene terephthalate, granulate, amorphous 
* 

* Electricity input updated with producing country’s electricity mixes 

Silicone synthetic rubber production * Dataset includes extrusion process. 
* Electricity input updated with producing country’s electricity mixes 

Aluminium aluminium production, primary, ingot  Specific energy mix for aluminium production in the area is not changed 

Motor 
component 

electric motor production, for electric scooter   

Control 
unit 
component 

electronics production, for control units  Ready component of steel 46%, plastic 32%, printed wiring boards 14%, cables 8%. 
Does not include the final assembly, but is concluded representative enough for the 
study. 

Mix of 
cables 

cable production, ribbon cable, 20-pin, with plugs Represents a mixture of cable parts.  

M
a

te
r

ia
l 

p
r

o
c
e

s
s

e
s

 

injection 
moulding 

injection moulding * Applied for all plastics (1 kg per 0.994 kg plastics as per Ecoinvent).  
* Electricity input updated with producing country’s electricity mixes 

steel work metal working, average for chromium steel 
product manufacturing  

Applied for all steel parts.  
Specific industry energy mixes (GLO) not changed.  

aluminium 
work 

metal working, average for aluminium product 
manufacturing  

Applied for all aluminium parts. 
Specific industry energy mixes (GLO) not changed. 

transport, 
product 
materials 

Assumed transport / Confidential  

A
s
s

e
m

b
ly

 

energy for 
assembly 

market group for electricity, medium voltage Rough assumption, based on previous LCA (Kristinsdóttir and Peñaloza Corredor, 
2011) 

P
a

c
k

a
g

in
g

 

user guide offset printing, per kg printed paper  Dataset includes materials, processes and processing waste.  

corrugated 
board box 
material 

corrugated board box production Represents the corrugated board input material for the packaging boxes.  

box 
production 
and 
printing 

carton board box production service, with offset 
printing 

Production process for boxes, 0.83 kg per 1 kg of cardboard box.  
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transport, 
packaging 
material 

Assumed transport / Confidential  
T

r
a

n
s
p

o
r

t 

transport, 
assembled 
product 

Assumed transport / Confidential  

 

Additional products  

Table 14. Inventory data for additional products. 

Product Ecoinvent 3.4 process Comment 

Wrenching 
tool for 535i 
XP 

steel production, converter, chromium steel 18/8 * Assumption for the bar steel mix. 
Steel production mix updated with assumed producing country’s average share in 
2017 based on World Steel Association (2019).  
* Electricity input updated with assumed producing country’s electricity mixes 

steel production, electric, chromium steel 18/8 * 

hot rolling, steel * 

metal working, average for chromium steel product 
manufacturing 

Specific industry energy mixes (GLO) not changed. 

Transport / Confidential  

Battery market for battery, Li-ion, rechargeable, prismatic  

Transport / Confidential  

Charger Adjusted laptop dataset Charger dataset was slightly adjusted from existing Ecoinvent 3.4 process “power 
adapter production, for laptop | power adapter, for laptop | APOS, U”. Other 
inputs were scaled basis mass except for cables, plugs, facility input and waste 
treatments included in the dataset.  

Transport / Confidential   

Blade incl. 
plastic cover 

steel production, converter, chromium steel 18/8 * Assumption for the bar steel mix. 
Steel production mix updated with assumed producing country’s average share in 
2017 based on World Steel Association (2019).  
* Electricity input updated with assumed producing country’s electricity mix 

steel production, electric, chromium steel 18/8 * 

hot rolling, steel * 

metal working, average for chromium steel product 
manufacturing  

Specific industry energy mixes (GLO) not changed. 

polyethylene production, high density, granulate   

injection moulding *  1 kg per 0.994 kg moulded plastics as per Ecoinvent 
* Electricity input updated with assumed producing country’s electricity mix 

Transport /Confidential  

Chains steel production, converter, chromium steel 18/8 * Assumption for the chain steel. 

steel production, electric, chromium steel 18/8 * 
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Use phase 

Booking process for application use: 

 

Input Ecoinvent 3.4 process Amount Comment 

a
p

p
 u

s
e

 

Energy for data transfer market for electricity, low voltage | 
electricity, low voltage | APOS, S - SE 

0.000488 
kWh/1 MB 

The estimated energy per data assumed basis (Pihkola et al., 2018) 
as 0.5 kWh/GB. 1 GB assumed 1024 MB. Data transfer accounted as 
85MB per rental app use (except for recurring users only 2 MB). 

Energy for mobile phone market for electricity, low voltage | 
electricity, low voltage | APOS, S - SE 

5.32E-06 
kWh/1 min 

According to Malmodin as cited and calculated in Martin et al. (2019, 
Supplementary materials). 10 minutes accounted per rental app use 
(except recurring users only 2 min). 

 

User transport, 1 km: 

 

Input Ecoinvent 3.4 process Amount Comment 

U
s

e
r
 t

r
a

n
s

p
o

r
t,

 1
 

k
m

 

Personal  
driving, 1 km 

transport, passenger car, electric | transport, passenger car, electric | 
APOS, S - GLO 

0.03 km Driving mix roughly based on statistics of 
Trafikanalys/SCB as cited in BIL Sweden (n.d.) on 
the personal cars in Swedish traffic on the last day of 
2018 (see Chapter 4.2.4), for fuel and age. Medium 
size car taken as an assumed average.  

transport, passenger car, medium size, diesel, EURO 3 | transport, 
passenger car, medium size, diesel, EURO 3 | APOS, S - RER 

0.37 x 0.25 km 

transport, passenger car, medium size, diesel, EURO 4 | transport, 
passenger car, medium size, diesel, EURO 4 | APOS, S - RER 

0.37 x 0.20 km 

transport, passenger car, medium size, diesel, EURO 5 | transport, 
passenger car, medium size, diesel, EURO 5 | APOS, S - RER 

0.37 x 0.55 km 

 
30 Assumed size S fitted for the chainsaw model (Husqvarna Group, n.d.-c) for which weight based on packed product weight 1.8 kg, available on:  
https://www.amazon.de/Husqvarna-585428701-Systainer-klein/dp/B00URRNZWG (accessed 22 May 2019) 

hot rolling, steel | hot rolling, steel | APOS, U * Steel production mix updated with assumed producing country’s average share in 
2017 based on World Steel Association (2019).  
* Electricity input updated with assumed producing country’s electricity mixes 

metal working, average for chromium steel product 
manufacturing  

Specific industry energy mixes (GLO) not changed. 

Assumed transport / Confidential  

Safety chaps market for polyethylene terephthalate, granulate, 
amorphous  

Share of 90/10 assumed for polyester and PVC. 
Total electricity for polyester production roughly rounded from L'Abbate et al. 
(2018) for the PET material share.  
Market datasets used and no transports modelled separately for final due to lack of 
data. 

market for polyvinylchloride, bulk polymerised  

market group for electricity, medium voltage 

Systainer 
(storing box) 

market for polystyrene, high impact  Assumed material ABS, being a part of the polystyrene plastics (Rosato and 
Rosato, 2005) modelled as polystyrene (high impact), assumed weigh 1.5 kg30 
Moulding: 1 kg per 0.994 kg moulded plastics as per Ecoinvent. 
* Electricity input updated with assumed producing country’s electricity mix 

injection moulding * 

Assumed transport / Confidential 
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transport, passenger car, medium size, petrol, EURO 3 | transport, 
passenger car, medium size, petrol, EURO 3 | APOS, S - RER 

0.60 x 0.25 km  

transport, passenger car, medium size, petrol, EURO 4 | transport, 
passenger car, medium size, petrol, EURO 4 | APOS, S - RER 

0.60 x 0.20 km 

transport, passenger car, medium size, petrol, EURO 5 | transport, 
passenger car, medium size, petrol, EURO 5 | APOS, S - RER 

0.60 x 0.55 km 

Buss, 1 km transport, regular bus | transport, regular bus | APOS, S - CH 1 p x km Dataset for diesel engine bus from 2005. CH taken 
as a proximation for SE conditions. 

Delivery, 1 km transport, freight, lorry 3.5-7.5 metric ton, EURO3 | transport, freight, 
lorry 3.5-7.5 metric ton, EURO3 | APOS, S - RER 

Kg (total rental 
product set) x 1 
km 

 

 
Use phase, one rental/use time of 45 minutes: 
 

 

Input Ecoinvent 3.4 process Comment 

O
n

e
 

4
5

 
m

in
u

te
 

u
s

e
  Energy for charging product market for electricity, low voltage | 

electricity, low voltage | APOS, S - SE 
Amount based on BLi200 battery, for pruning use for 45 
minutes for each product model.  

 

Maintenance 

Details for the use of lubricating oil listed below. For the addition of chains in the rental system, please see Table 14.  

Table 15. Use of lubricating oil in the maintenance. 
 

 

Locker box  

Confidential. 

Input Ecoinvent 3.4 process  Comment 

Lubricating oil production market for lubricating oil | lubricating oil | APOS, S – GLO  Assumed density 0.9 for converting litres to kg 

Output Ecoinvent 3.4 flow  Comment 

Leakage to soil during use Oils, unspecified (Emission to soil/forestry) Added based on (Kristinsdóttir and Peñaloza Corredor, 2011), although does 
not contain characterization factors for methods used.  
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Appendix 2 All impact categories, ReCiPe 2016 Midpoint (H) 
 

 

Figure 18. Potential environmental impacts of the Rental-basic scenario for all impact categories of ReCiPe 2016 Midpoint H. The 
total of each impact category scaled to 100%. 

 

Figure 19. The potential environmental impacts of the product set only, in the Rental-basic scenario for all impact categories of 
ReCiPe 2016 Midpoint H. The total of each impact category scaled to 100% of product set’s impacts. 
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Figure 20. Comparison of relative results of rental and sales basic scenarios for the impact categories of focus (ReCiPe 2016 
Midpoint H). Focus impact categories are presented in Chapter 4.3.2, Figure 11. 
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Figure 21. Overview comparison of basic rental and sales scenarios, for all impact categories based on ReCiPe 2016 (H). 
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Appendix 3 Detailed impacts 
Collection of main emissions and processes from driving, products, battery, charger, and locker box.  

535i XP  

Confidential. 

120i  

Confidential. 

Locker box  

Confidential. 

Battery 

Modelled with an existing dataset “Li-ion prismatic, rechargeable”. 

BATTERY Main emission Main processes High comment 
Human non-
carcinogenic 

Mainly zinc ion to water Treatment of sulfidic tailing of 
metal mines 

Market for battery cell (72% - mainly 
from anode, graphite and further 
copper production); printed wiring 
boards (19% - further circuits, 
including e.g. gold) 

Global warming Methane and CO2 
emissions to air 

Coal mines, heat production, 
copper, electricity 

Market for battery cell (61% - mainly 
from cathode -aluminium content, 
incl. the energy in the production, 
LiMn2O4; and anode – copper 
production); used Li-ion battery 
(13%); printed wiring boards (13%) 

Human 
carcinogenic 

Chromium VI emission 
to water, among others 

Treatment of sulfidic tailings 
and redmud from bauxite 
digestion, slag from steel 
production, spoil from coal 
and lignite mining, among 
others 

Market for battery cell (67% - mainly 
from anode, graphite and further 
copper production; also, cathode); 
printed wiring board (12% - further 
circuits, incl. e.g. gold); market for 
reinforcing steel (8%, slag) 
 

Marine ecotoxicity Mainly zinc ion emission 
to water, copper ion, 
among others 

Treatment of sulfidic tailing of 
mining operations 

Market for battery cell (70% - anode 
– copper content), printed wiring 
boar (18% - integrated circuit – gold 
content) 

Mineral resource 
scarcity 

Extraction of e.g. copper, 
molybdenum, 
aluminium, among 
several others  

Metal mining Market for battery cell (76% - mainly 
anode – copper content; also 
cathode – aluminium & lithium 
manganese oxide content), wiring 
boards (11%) 

Fossil resource 
scarcity 

Fossil energy extraction, 
e.g. hard coal, natural 
gas, crude oil 

Coal mine operation, natural 
gas and petroleum 
production, etc.   

Market for battery cell (63% - 
cathode – al and lithium manganese 
oxide content- and anode – copper, 
and graphite-), used li-ion battery 
(11% - energy used in the 
treatments), wiring board (12% - 
circuits – wafer and electricity) 

 

Charger 

Modelled with existing dataset with slight alternations based on own assumptions (see 4.2.2.2). 

CHARGER Main emission Process High comment 
Human non-carcinogenic Zinc emission to 

water, among others 
Mainly from treatment of 
sulphide tailings of the metal 
mining 

Mainly from Market for copper 
(67%), cable (15% - mainly 
copper), among others 

Global warming CO2, methane and 
other emissions, to air 

Several, e.g. fossil energy use 
for heat & electricity (coal), 

Market for stainless steel (29%), 
market for copper (13%), market 
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polystyrene & other 
production, transports, among 
others 

for polystyrene (11%), market for 
cable (9%), among others  

Human carcinogenic Mainly chromium VI 
emissions to water 

Several, e.g. treatment of 
sulfidic tailings, treatment of 
slag & dust in steel production, 
ferrochromium production, 
among others 

Market for stainless steel (46%) 
and copper (27%), among others 

Marine ecotoxicity Main: Zinc emission 
to water 

Mainly treatment of sulfidic 
tailing 

Copper production (55%), Market 
for used IT (16% - residue from 
mechanical waste treatment), 
market for cable (13%, mainly 
copper) 

Mineral resource scarcity Several, Mainly  
nickel extraction, also 
e.g. copper among 
others 

Ferronickel production (25% 
Ni), copper mines 

Market for stainless steel (47%) 
and copper (34%), among others  

Fossil resource scarcity Extraction of coal, 
crude oil, gas, etc. 

Several: Coal mines, 
polystyrene production, 
petroleum and gas production, 
PVC, etc 

Market for stainless steel (24%; 
e.g. heat and energy in 
production); market for 
polystyrene (19%), Copper (14%), 
Cables (10%) 
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Appendix 4 Comparison of the two products models 

 

 

Figure 22. Comparison of the two chainsaw models, based on the data utilized (ReCiPe 2016 Midpoint H).  
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Appendix 5 Sensitivity analysis for waste handling 
An overview of the modelled waste handling in the sensitivity analysis is provided in Figure 23 and explained more in 

detail below. For a full list of waste inputs, see Table 16 at the end of this Appendix. 

 

 

Figure 23. Expanded system boundaries covering the waste handling of products. 

Waste handling of the products 

The waste management of the products in the rental and sales systems are not expected to differ, but follow a regular 

municipal waste treatment for electronic products (Husqvarna AB). For both, the waste handling is modelled as an 

approximation to general electronics waste handling in Sweden, i.e. assuming to include a manual dismantling of the 

product and relevant waste treatment for each component or material (see El-Kretsen, n.d.). 

It is assumed that the control units and engine are treated separately. Due to lack of data, they are modelled with 

available treatment processes of Ecoinvent that are taken as approximations: electronics scrap from control units and 

used electric scooter powertrain. For these, no avoided burdens were counted due to the uncertainty of the data. The 

rest of the product is assumed to be shredded to separate the plastics, steel and the remaining other components; based 

on information from El-Kretsen (n.d.). Plastics and silicone are modelled to be incinerated and the steel recycled.   

The steel recycling process was adapted with the help of SimaPro (PRé Consultants, 2017) process for recycling, where 

recycling of 1 kg steel is assumed to create 1 kg recycled scrap iron usable in the steel production, leading to avoided 

production of virgin pig iron. The recycling process inputs (without material inputs) were taken from Ecoinvent process 

“sorting and pressing of iron scrap | iron scrap, sorted, pressed | APOS, U” and electricity input was updated to Swedish 

electricity mix (see details in Appendix 1). It is however noted that also the inputs of the product materials modelled for 

stainless steel do include scrap iron for the proportion produced by electric technique that could lead to double counting 

some recycling process impacts. Nevertheless, this was considered to be according to the “end-of-life recycling method” 

described in Lighart & Ansems (2012, p. 196) which corresponds to the avoided burdens method.  

Plastics were not modelled to be recycled due to the glass-filling of the most polyamides and the small shares of other 

plastic types. The amount of heat and electricity generation in connection with the incineration was calculated based on 

the average Swedish incineration energy recovery in 2016 (Avfall Sverige, 2017) due to lack of data for more specific 

materials mainly including glass-fill.  

After the separation of these further mentioned components (control units, engine, steel and plastics), the remainder of 

the shreds is mainly a mix of cables and small metal parts; due to uncertainty, this was modelled with 50/50 share of 

electronics scrap (melting of metals) and municipal incineration without avoided burdens (energy creation for such 

scrap assumed low). 

Batteries & charger 

The waste treatment of batteries was modelled 50/50 with the available li-ion battery treatment techniques; i.e. 

pyrometallurgical and hydrometallurgical treatments. The sorting of the batteries is assumed to happed in Karskruga 

(El-Kretsen, n.d.) for which transportation is included. For the charger, the waste process was modelled as a general 

“used IT accessory”, as the treatments were not specifically known, and the inputs in the actual charger were modelled 
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as the average dataset.31 No credits are calculated for battery and charger waste treatments due to uncertainty of the 

processes.  

Others 

For the other products such as bar, chains, chaps and systainer box, the steel parts were modelled to be recycled and 

plastics to be incinerated. Avoided burdens were accounted similarly as for the chainsaw products. No waste treatments 

were assigned for the infrastructure, as its lifetime is highly uncertain and re-use in other functions may be possible.  

Waste transports 

For all the waste collections, transportation is modelled with a truck of size 7.5-16 tons, Euro 3 classification as the worst 

option. According to El-Kretsen (n.d.) the manual dismantling of electronics is done in several locations in Sweden to 

avoid unnecessary transportation. Therefore, it is assumed that the dismantling is done close to Stockholm, and an 

average distance of 30 km was included for the municipal waste treatments and dismantling of the products. Further 

metal scrap and recycling treatments were modelled with an assumed 150 km transport distance.  

Waste inventory   
 
Table 16. Inventory data for waste treatments included in the sensitivity analysis. 

 Assumed process Ecoinvent 3.4 process Comment 

W
A

S
T

E
 dismantling manual dismantling of used electric 

scooter | manual dismantling of electric 
scooter | APOS, S - GLO 

Dataset includes the facility for 
manual dismantling. Dataset is 
per 1 kg of scooter, still only 0.5 
units is modelled as the scooter 
is expected to represent a more 
complex product 

treatment for motor component treatment of used powertrain for electric 
scooter, manual dismantling | used 
powertrain, from electric scooter | APOS, 
U - GLO 

Taken to represent motor 
component treatment 

treatment for control unit treatment of electronics scrap from 
control units | electronics scrap from 
control units | APOS, S - RER 

Taken to represent control unit 
component treatment 

shredding of remaining product treatment of waste electric and electronic 
equipment, shredding | waste electric 
and electronic equipment | APOS, S - 
GLO 

After removing motor and 
control unit, rest of the product 
materials are assumed to be 
shredded 

plastic to incineration treatment of waste plastic, mixture, 
municipal incineration | waste plastic, 
mixture | APOS, S - Europe without 
Switzerland 

After shredding, plastics and 
rubber parts assumed to be 
incinerated with energy 
recovery 

Credit: electricity, from municipal waste 
incineration to generic market for 
electricity, medium voltage | electricity, 
medium voltage | APOS, S - SE 

Avoided burden: Credit for 
electricity 0.366 kWh/kg waste, 
based on Swedish average of 
all waste (Avfall Sverige, 2017, 
pp. 30-31) 

Credit: heat and power co-generation, 
biogas, gas engine | heat, central or 
small-scale, other than natural gas | 
APOS, S - SE 

Avoided burden: heat 2.654 
kWh/kg waste, amount based 
on Swedish incineration 
average of all waste (Avfall 
Sverige, 2017, pp. 30-31) 

steel to recycling “Steel recycling process” created as per 
below inputs: 

After shredding, steel parts 
assumed to be recycled.  
Energy and other inputs 
(without material) copied from 
Ecoinvent 3.4 process: iron 
scrap, sorted, pressed | iron 
scrap, sorted, pressed | APOS, S 
- GLO 

market for diesel, burned in building 
machine | diesel, burned in building 
machine | APOS, S - GLO 
market for electricity, medium voltage | 
electricity, medium voltage | APOS, S - 
SE 

 
31 It is noted, however, that also the production inputs of the general charger dataset include this waste treatment, but based on the 
Ecoinvent process description it is assumed that it accounts for the impacts within the production process only despite its large 
amount. 
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scrap preparation facility construction | 
scrap preparation facility | APOS, U - 
RER 
Credit: market for pig iron | pig iron | 
APOS, S - GLO 

Avoided burden: 1 kg pig 
iron/1kg waste according to 
SimaPro recycling process 
(PRé Consultants, 2017) 

remaining to electronics scrap treatment of electronics scrap, metals 
recovery in copper smelter | electronics 
scrap | APOS, S - SE 

50/50 of remainders other than 
plastics and steel, no credits due 
to uncertainty 

treatment of municipal solid waste, 
incineration | municipal solid waste | 
APOS, S - SE 

Packaging materials treatment of municipal solid waste, 
incineration | municipal solid waste | 
APOS, S - SE 

Packaging material assumed to 
be incinerated with energy 
recovery 

Credit: electricity, from municipal waste 
incineration to generic market for 
electricity, medium voltage | electricity, 
medium voltage | APOS, S - SE 

Avoided burden: Credit for 
electricity 0.366 kWh/kg waste, 
based on Swedish average of 
all waste (Avfall Sverige, 2017, 
pp. 30-31) 

Credit: heat and power co-generation, 
biogas, gas engine | heat, central or 
small-scale, other than natural gas | 
APOS, S - SE 

Avoided burden: heat 2.654 
kWh/kg waste, amount based 
on Swedish incineration 
average of all waste (Avfall 
Sverige, 2017, pp. 30-31) 

 

 Assumed process Ecoinvent 3.4 process Comment 

 Battery treatment treatment of used Li-ion battery, 
pyrometallurgical treatment | used Li-ion 
battery | APOS, S - GLO 

Assumed 50/50 

treatment of used Li-ion battery, 
hydrometallurgical treatment | used Li-ion 
battery | APOS, S - GLO 

Charger treatment of used IT accessory, mechanical 
treatment | used IT accessory | APOS, S - 
GLO 

Without more information, taken 
as an assumption (note: not 
exactly matching with the 
production datasets) 

All other products, steel parts 
(wrenching tool;  
Guide bar; chains) 

“Steel recycling process” created as per 
below inputs: 

Steel recycling process: Energy 
and other inputs (without 
material) copied from Ecoinvent 
3.4 process: iron scrap, sorted, 
pressed | iron scrap, sorted, 
pressed | APOS, S - GLO 

market for diesel, burned in building 
machine | diesel, burned in building 
machine | APOS, S - GLO 
market for electricity, medium voltage | 
electricity, medium voltage | APOS, S - SE 
scrap preparation facility construction | 
scrap preparation facility | APOS, U - RER 
Credit: market for pig iron | pig iron | 
APOS, S - GLO 

Avoided burden: 1 kg pig 
iron/1kg waste according to 
SimaPro recycling process (PRé 
Consultants, 2017) 

Systainer, chaps,  
plastic cover for guide bar 

treatment of waste plastic, mixture, 
municipal incineration | waste plastic, 
mixture | APOS, S - Europe without 
Switzerland 

For all plastics in chaps, systainer 
& plastic cover except PVC 

treatment of waste polyvinylchloride, 
municipal incineration | waste 
polyvinylchloride | APOS, S - Europe 
without Switzerland 

For share of PVC in chaps only 

Credit: electricity, from municipal waste 
incineration to generic market for 
electricity, medium voltage | electricity, 
medium voltage | APOS, S - SE 

Avoided burden for all plastics: 
Credit for electricity 0.366 
kWh/kg waste, based on Swedish 
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average of all waste (Avfall 
Sverige, 2017, pp. 30-31) 

Credit: heat and power co-generation, 
biogas, gas engine | heat, central or small-
scale, other than natural gas | APOS, S - SE 

Avoided burden for all plastics: 
heat 2.654 kWh/kg waste, 
amount based on Swedish 
incineration average of all waste 
(Avfall Sverige, 2017, pp. 30-31) 

Waste transports for all transport, freight, lorry 7.5-16 metric ton, 
EURO3 | transport, freight, lorry 7.5-16 
metric ton, EURO3 | APOS, S - RER 

Distance assumed 30 km for 
municipal and dismantling 
treatments (assumption deriving 
from El-Kretsen (n.d.), 150 km for 
metal recycling/motor & control 
unit treatment/metal scrap (own 
assumption), 241 km for battery 
sorting (locations based on El-
Kretsen, n.d.) 
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Appendix 6 Sensitivity analysis for Battery component 

The Ecoinvent 3.4 ready dataset could not be concluded certain, due to e.g. the high amount of waste treatment included 

in the database (74%) not matching the whole component. In addition, the dataset is based on a different sized lithium 

battery (directed for electric vehicles with 14 cells, 48 V and 2.1 kWh power output for the dataset); scaling is done in 

kilograms, but the kg for the basis of the dataset is not given. Thus, a sensitivity analysis was made for the dataset.  

Similarly as in the previous LCA study of Husqvarna chainsaws by Kristinsdóttir and Peñaloza Corredor (2011), a study 

by Notter et al. (2010; see Supplementary materials, p. 32) was used to determine the relation of the different material 

components. Their study also includes extensive details on the cell production; however, for this sensitivity test, the 

ready cell dataset from Ecoinvent 3.432 was assumed representative enough. The material composition of the battery 

pack by Notter et al. (2010) was tested as is and with slight adjustments. For the adjusted data, the mass of battery cells 

in the pack was changed based on the previous LCA (Kristinsdóttir and Peñaloza Corredor, 2011). A LED component 

with a total weight of 1.4 g33 was added to the adjusted dataset to represent the LED charge indicator of the battery. In 

both sensitivity tests, the transportation estimations were altered based on own assumptions, with the help of Ecoinvent 

descriptions, for the estimated amount of cells and final battery, as applicable34.  

Figure 24 illustrates the comparative results of the battery components tested (only total impact of one 1.3 kg battery 

included in the picture).  

 

Figure 24. Sensitivity analysis: Comparison of battery datasets for one 1.3 kg battery (only one battery component included in the 
Figure); see specifics in the description. 

The results show a clear trend between the datasets; Ecoinvent showing the least potential contribution, modified Notter 

et al. (2010) as the next and Notter battery assembly without material share adjustments as the highest potential impact. 

The differences are mainly due to the different amount of battery cells accounted for. On the other hand, these 

differences do not alter the total results much, as shown in Figure 25. However, all these results are based on the same 

li-ion battery cell available in Ecoinvent 3.4, and the results might alter considerably more if the specific energy density 

and the composition of the cells was available. 

 
32 The li-ion cell available in Ecoinvent 3.4 is based on the same type LiMn2O4 and based on the same authors from 2009 
33 Based on Ecoinvent 3.4 data description, 4 x 0.35 g per light assumed 
34 These differ from the transport inputs of the main analysis  
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Figure 25. Sensitivity analysis for battery datasets, total results for Global warming (ReCiPe 2016 Midpoint H), relatively scaled 
to the largest impacts (basic scenarios and sensitivity shown separately). 

As an example, the results of the battery component were also compared to a more recent study by (Ellingsen et al., 

2014) but it could not be concluded whether the dataset is representative or not: according to their results35, compared 

to several previous LCA’s, the kg CO2 equivalent emissions can vary between a range of 53 – 338 CO2-eq/kWh (see p. 

121 of their study). Furthermore, there are also differences in the marine ecotoxicity results of Ellingsen et al. (2014) 

compared to the dataset used in this study. 

For future studies, it is therefore recommended that more details are acquired of the electronic components, to reach a 

more detailed analysis. For the goal and scope of this study, however, the dataset used was considered indicative enough, 

to be able to conclude the hotspots in the rental system as well as to understand potential trade-offs between rental and 

sales alternatives as a whole.   

 

 
35 Study using ReCiPe midpoint H 2008 v. 1.08 and Ecoinvent 2.2 (Ellingsen et al., 2014). 
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Appendix 7 Sensitivity analysis for Charger component 

Charg-sens-1 

The inputs for the first alternative dataset for charger tested are listed in Table 17. 

Table 17. Inputs modelled for the sensitivity charger, based on Ecoinvent 3.4 electric scooter charger.  

Input Ecoinvent 3.4 process 
Charger component charger production, for electric scooter | charger, for electric scooter | APOS, S - GLO 
Transport Same as in main analysis for charger, see Appendix 1 

Charg-sens-2 

The material share of the charger analysis by Parsons (2006, Table 2) was calculated for other components except the 

power cords and plug which were modelled with own assumptions. The materials modelled are listed below in Table 18.  

Table 18. Inputs modelled for sensitivity charger, other material composition based on (Parsons, 2006) except power cord, plug 
and transport.  

Inputs roughly based on Parsons (2006, 
Table 2) scaled basis mass, excl. power 
cord and plug material 

Ecoinvent 3.4 process 

Polypropylene 40% market for polypropylene, granulate | polypropylene, granulate | APOS, S - GLO 
Copper 25% market for copper | copper | APOS, S - GLO 
Steel 6% market for steel, chromium steel 18/8, hot rolled | steel, chromium steel 18/8, hot 

rolled | APOS, S - GLO 
Magnetic iron 24% market for ferrite | ferrite | APOS, S - GLO 
Printed wiring board 3% market for printed wiring board, surface mounted, unspecified, Pb containing | 

printed wiring board, surface mounted, unspecified, Pb containing | APOS, S - GLO 
market for printed wiring board, surface mounted, unspecified, Pb free | printed 
wiring board, surface mounted, unspecified, Pb free | APOS, S - GLO 

Cardboard for insulation 2% market for core board | core board | APOS, S - GLO 
Other inputs Ecoinvent 3.4 process 
Plug Assumption market for plug, inlet and outlet, for computer cable | plug, inlet and outlet, for 

computer cable | APOS, S - GLO 
Cable Assumption market for cable, connector for computer, without plugs | cable, connector for 

computer, without plugs | APOS, S - GLO 
Transport Same as in main analysis for charger, see Appendix 1 

 

Comparison of the datasets  

When comparing the environmental impacts of these datasets to the one used in the analysis (modified based on laptop 

power adapter, see section 4.2.2.2), a notable difference in the impacts can be seen, see Figure 26. In all impact 

categories of ReCiPe 2016 Midpoint (H), the dataset used in the main analysis is notably lower than the alternative data, 

suggesting that the impacts of the charger may be underestimated. For example, in global warming impacts, the dataset 

used in the main analysis contributes to less than a third of the potential impacts of the scooter charger dataset.  
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Figure 26. Comparison of charger datasets (only one charger component in the comparison); see specifics in the description. 

For the impact to the total results in the rental and sales system for global warming, please see 4.3.3.4. 

  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Data used in main analysis Charg-sens1 (electric scooter, Ecoinvent 3.4) Charg-sens-2 (AA charger, Parsons 2006)



72 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TRITA TRITA-ABE-MBT-19658 

www.kth.se 

http://www.kth.se/

