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ABSTRACT 

Products, throughout their life cycle from production to waste management, create 

emissions of greenhouse gases (GHG). This leads to environmental impacts on the 

climate (Swedish Environmental Protection Agency, 2016). The consumed products 

from households are increasing (World Wildlife Fund, 2008) and so is the waste 

generated from them (Avfall Sverige, n.d.). A more sustainable development 

generating from circular economy should be focused on to increases the reuse of 

products and by so reduce the amount of waste generated (Göteborgs Stad, n.d.a.) 

This study have examined if the use of Free Shops can help the city of Gothenburg to 

reach higher up the waste management hierarchy towards reuse and prevention, and 

if carbon dioxide equivalents (CO2e) can be avoided by using Free Shops. 

   Two Free Shops with the purpose to increase reuse in Gothenburg have been studied 

and their effect on GHG emissions, presented as CO2e, have been analysed. A Life 

Cycle Inventory Study (LCI) has been conducted on all, but two, different materials 

entering the Free Shops for four weeks, including the production, waste management, 

transportation and storage. The result of the study shows that a mean of 10 ton CO2e 

per Free Shop per year can be avoided when reusing at a Free Shop instead of buying 

new products. This equals leaving a low energy lamp on for approximately 590 years 

(World Wildlife Fund, 2009) based on a low energy lamp using 0,007 kWh (Eon, 2007). 

To examine if the Free Shops can reduce the amount of waste disposed of by 

households in Gothenburg the material entering the Free Shops was weight and 

analysed to estimate how it corresponded to the amount of waste disposed of. The 

result shows that the material entering a Free Shop only corresponds to 0.0025 percent 

of the household waste disposed of in the city. This indicates that Free Shops by 

themselves will not solve the problem with increasing amounts of waste and emissions 

from increasing production. However, they can help in a small scale. 

 

KEY WORDS 

Carbon dioxide equivalents, CO2e, CO2eq, reuse, waste management, LCA, Life Cycle 

Assessment, LCI, Life Cycle Inventory Study, life cycle, production, consumer, waste, 

Free Shops, Free Shop Majorna, Free Shop Högsbo, avfall, avfallsstatistik, Gratisbutik.  
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DEFINITION OF TERMS 

Following list will describe a few words and terms used in this report to create a better 

understanding.  

 

Bulky waste – Bulky waste is waste generated from households that is not suitable to collect 

in a sack or container due to its weight or size. Included in bulky waste are for example pots 

(IVL, 2009). 

 

Carbon dioxide equivalents (CO2e) – Greenhouse gas (GHG) measurements are presented 

in the unit CO2e (carbon dioxide equivalents) (Ministry of Environment, 2014), i.e. CO2e 

defines the impact of all GHG on climate change (Berners-Lee, 2010). 

Circular economy – A circular economy focus on the reuse and recycling of products back 

into production, i.e.  preserving the value of the product for as long as possible and eliminating 

waste (Swedish Environmental Protection Agency, 2017). 

 

CO2 -   Carbon dioxide (CO2) is a gas that is naturally occurring in the environment. CO2 is 

also produced as a by-product of industrial processes and it is the main anthropogenic 

greenhouse gas (GHG) (Ministry of Environment, 2014). 

 

Co-product – When a product system includes a minimum of two products in one unit process 

(Swedish Standard Institute, 2006a).  

 

Cradle to grave – Environmental inputs and outputs included in a Life Cycle Assessment 

(LCA) from acquirement of raw material (cradle) to facilities for waste treatment (grave) 

(Swedish Standard Institute, 2006a). 

 

Cut-off criteria – A description of the specific level of environmental importance, material 

amounts or energy flows belonging to a product system that can be excluded, i.e. the different 

criteria decided on in the study on when to stop searching for information for the Life Cycle 

Inventory (LCI) (Swedish Standard Institute, 2006a). 

 

Function – The function or functions of the studied product system (Swedish Standard 

Institute, 2006a). 

 

Functional unit – The reference unit used to analyse the product systems quantified 

performance (European Committee for Standardization. (2006) to which all flows in the system 

are related (Baumann & Tillman, 2004). 

 

Greenhouse gas (GHG) – Components of gas in the atmosphere absorbing the solar energy 

that is reflected from the surface of the earth as infrared radiation. The GHG has an important 

role in regulating the surface temperature on earth (McDowell, 2008). 
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Household waste – Waste that is generated from household, for example food waste, bulky 

waste, garden waste, latrine waste, and hazardous waste (IVL, 2009). 

 

Input – Energy flow, material or product entering a unit process (Swedish Standard Institute, 

2006a).  

 

Life cycle – The successive and interlinked phases found in a product system reaching from 

acquirement of raw material to final disposal (Swedish Standard Institute, 2006a). 

 

Life Cycle Assessment (LCA) – A tool used for quantifying environmental impacts of 

products from cradle to grave. Including collection and evaluation of the product systems 

inputs and outputs and possible environmental impact (Swedish Standard Institute, 2006a).  

 

Output – Energy flow, material or product leaving a unit process (Swedish Standard Institute, 

2006a). 

 

Products – Economic units of matter that has an economic value (positive or negative) 

(Brunner & Rechberger, 2004). In this report a product is equal to a hardware product which 

is a physical material or object (Swedish Standard Institute, 2006a). 

 

Product System – The studied cycle is referred to as a product system (Baumann & Tillman, 

2004; Swedish Standard Institute, 2006a). It includes the different unit processes (Swedish 

Standard Institute, 2006a). 

 

Rebound effect – When increasing the efficiency to create a better environment or a more 

sustainable development of the society there is a risk of a rebound effects reducing the gain or 

benefit as an unintentional effect. For example, higher work productivity leads to higher salaries 

for the workers, this leads to an increased possibility to consume products, which leads to the 

need of more resources. The effectiveness therefore gives an unwanted side effect on the climate 

(Swedish Environmental Protection Agency, 2006). 

 

Reuse – The activity in which a product is used again for the same intention as it was produced 

for (Waste Framework Directive [WFD], 2008/98/EC). It is way to prevent waste and is 

therefore not seen as a waste management procedure (European Commission, 2012) 

  

Raw material – The material used, from primary or secondary sources, for product 

production. Recycled material is included in secondary material (Swedish Standard Institute, 

2006a).  

 

Sensitivity analysis – A methodical procedure used to estimate the effect different choices 

made in the method and data has on the final outcome of a study (Swedish Standard Institute, 

2006a). 
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System boundary – Specified criteria used to decide which unit processes that should be 

included in the product system (Swedish Standard Institute, 2006a).  

 

Transport kilometre (tkm) – Amount of goods transported (ton) multiplied with the 

transport distance (km) (Trafikanalys, 2015) 

 

Unit processes – The smallest components that are quantified for input and output data in the 

Life Cycle Assessment (Swedish Standard Institute, 2006a). 

 

Waste - Waste is defined as a product or substance that the possessor gets, plan to or have to 

get rid of (Swedish Environmental Protection Agency, 2016). 
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1. INTRODUCTION              

The lifecycle of products generates several impacts on the environment and can cause 

both direct and/or indirect environmental concerns, including emissions of GHG 

leading to climate change (Swedish Environmental Protection Agency, 2016). 

According to the European Union (EU) the GHG emissions should decreased with 20 

percent by the year 2020 (based on the levels of 1990) and by year 2030 with 40 percent. 

This put pressure on the Member States to develop reduction targets for GHG 

emissions (Turner, Williams & Kemp, 2015). 

   Increasing demands on the planet is mainly coming from an increased and more 

extended global trade following the consumer’s wants and needs (World Wildlife 

Fund, 2008). Since 1950 the trade with manufactured products has increased over 500 

times (Swedish National Board of Trade, 2012). The households are the main 

contributors to carbon dioxide (CO2) emissions from consumption of products, 

composing of 76 percent of the overall trade in Sweden with an increase during the 

last years (Swedish Environmental Protection Agency, 2011). 16 percent of the 

products purchased by the households in Sweden are seldom bought goods such as 

clothes, shoes and furniture (Swedish Trade Federation, n.d.). In the 12th Sustainable 

Development Goal, Responsible Consumption and Production, set by the UN 2015 it is 

stated that a change towards sustainable trade is necessary to reduce climate change 

(Government Office of Sweden, 2015).  

   CO2 emissions from the industry and the energy use for production of products 

stands for 28 percent of the global CO2 emissions released and in the year 2040 the CO2 

emissions from the production of products is assumed to reach 50 percent of the global 

CO2 emissions. The material use in Sweden (including production and handling) 

would in this case equal 13 Mt (megaton) CO2 emissions year 2040 (Material 

economics, 2018). The CO2-emissions from activities such as material acquirement 

from raw material, manufacturing, distribution and disposal (64%) are greater than 

CO2-emissions from using the product (36%) (World Wildlife Fund, 2008).  

   The amount of waste generated has historically followed the economy. It continues 

to increase, risking a doubling in the amount of waste by year 2030 (Avfall Sverige, 

2017). Waste management generates less than 5 percent of the global emissions of 

GHG. However, with increasing concerns regarding climate change international 

actions to reduce GHG emissions are growing in numbers with expectations on the 

waste management sector to contribute (Turner, Williams & Kemp, 2015).  Reduction 

of waste is prioritised in the European Union (Avfall Sverige, 2017), in the Swedish 

national environmental goals and in the national waste management plan (Avfall 

Sverige 2011). Directive 2008/98/EC is a legislative framework for waste management 

instituted by the European Parliament and Council. It requires Member States to create 

plans for waste management enforcing principles of avoidance of negative 

environmental impacts and encourage the use of the waste hierarchy (figure 1) (Waste 

Framework Directive [WFD], 2008/98/EC). Highest in the hierarchy is prevention of 

waste which should be strived to achieve. Next is reuse which can be achieved by 
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handing in or buying products at Second Hand Stores. Reuse if followed by material 

recycling where waste of used products replaces the need for virgin material for 

production. If material recycling is not possible other types of recycling should be 

carried out, such as recycling of energy or use in constructions. Last in the hierarchy is 

the disposal of the waste usually through storage such as landfill (SCB, n.d.) 

 

 

 

 

 

 

Figure 1. The European Union waste management hierarchy. Adapted from Avfall i 

Sverige 2014 - Reviderad version augusti 2016, by the Swedish Environmental 

Protection Agency, 2016.  

 

In line with the European and national goals for waste management the City of 

Gothenburg is striving towards reaching higher up the waste management hierarchy 

(Göteborgs Stad, n.d.a.). In 2014 approximately 219 000 ton of waste was disposed of 

from households in Gothenburg (Göteborgs Stad, n.d.b).  

   To achieve a sustainable development and decrease the environmental load created 

during the life cycle of products a change is needed in the way people are consuming 

(World Wildlife Fund, 2008) together with a change in waste management to reach 

higher up the waste management hierarchy. (Avfall Sverige, 2011). A so called circular 

economy is required which focus on preventing waste and increasing reuse of material 

(Göteborgs Stad, n.d.a). The circular flow of a circular economy is shown in figure 2. 
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Figure 2. Flow of circular economy. Adapted from Cirkulär ekonomi, by the Swedish 

Environmental Protection Agency, 2017, retrieved from 

https://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-

internationellt/EUs-miljooarbete/Cirkular-ekonomi/ 

 

Initiatives for circular economy can be found in many different forms in Gothenburg 

(Kollaborativ Ekonomi Göteborg and Förvaltningen för Konsument- och 

Medborgarservice, n.d.b.). One of these are Free Shops which are managed as Second 

Hand Shops (where people hand in and collect products) with the differences that 

everything is for free. The shops are non-profit and are often organized by locals 

and/or non-profit organisations together with housing corporations. The Free shops 

increase the inhabitants’ possibilities to share and reuse (Göteborgs Stad Konsument- 

och medborgarservice, 2017; Hem & Hyra, 2015; Kollaborativ Ekonomi Göteborg and 

Förvaltningen för Konsument- och Medborgarservice, n.d.a.). The reuse of products 

can reduce the need of buying new products. For example, buying one garment at a 

Second Hand Shop reduces the need of buying a new garment in a conventional store 

with 40 %, i.e. it does not replace the garment bought at a conventional store to 100%. 

The ratio is not 1:1 since not all products that are bought in a Second Hand Shop would 

had been bought in a conventional store. For example, the product bought in a Second 

Hand Shop might just have been bought because of the price and the consumer would 

not have bought the product in a conventional store for the full price (Farrant, Olsen 

& Wangel, 2010). By avoiding the consumption of new products, less virgin resources 

are needed for production and less waste will be produced (IVL, 2018), leading to less 

emissions created (Material economics, 2018).  

   The environmental benefits of reuse is sparsely studied partly because there is a 

complexity associated with reuse activities and the behaviour of the consumers. Some 

difficulties are for example to assess products made out of many different materials, 

to address the uncertainty about how much a reuse product displace a conventional 

product, the life time of the products, and the impacts of avoiding disposal by reuse 

(Waste & Resources Action Programme, 2011). Since little research has been found 

over the actual emissions avoided by reuse in Free Shops one of the aim of this study 

is to answer that through a case study focusing on two Free Shops in Gothenburg.  

 

1.1. Purpose and objective 

The purpose of the study is to examine if the City of Gothenburg can reach higher up 

the waste management hierarchy with the use of Free Shops and how much CO2e that 

can be avoided by the use of Free Shops. 

The objective has been to estimate the amount of material (in kilogram) that enters two 

Free Shops in Gothenburg during one year, to analyse the amount of CO2e avoided by 

reusing at the Free Shops during one year, and to analyse the amount of waste 
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generated by the households in Gothenburg during one year to examine the effect Free 

Shops might have on reducing the amount of waste disposed of in the city. 

  

1.2. Research questions 

 To what extent does the material entering a Free Shop correspond to the amount 

of household waste disposed of in Gothenburg for each material category? 

 How much CO2e emissions can be avoided by reusing products at Free Shops 

instead of buying equivalent products at a conventional store? 

 

1.3.  Life Cycle Assessments 

With an increasing interest and understanding of the impacts that products have on 

the environment new methods are being developed to address and analyse this 

(Swedish Standard Institute, 2006a). One such method is Life Cycle Assessment (LCA) 

which aims to analyse products environmental impact (Baumann & Tillman, 2004) in 

a life cycle perspective, from cradle (acquirement of raw material) to grave (waste 

management) (Swedish Standard Institute, 2006a). The LCA methodology can also be 

applied on studies not examining the full life cycle (Swedish Standard Institute, 2006b). 

The cycle studied is referred to as a product system (Baumann & Tillman, 2004; 

European Swedish Standard Institute, 2006a) and the parts it consist off are referred to 

as unit processes which are linked together (Waste & Resources Action Programme, 

2011). 

   An LCA can be helpful in many different ways. It can for example explore possible 

opportunities in the life cycle of a product where environmental improvements can be 

made (Swedish Standard Institute, 2006b), it can assist in informing different decision-

makers (Plevin, Delucchi and Creutzig, 2014), and it can be used for marketing 

purposes (Baumann & Tillman, 2004; Swedish Standard Institute, 2006a).  

   When conducting an LCA four different phases are included: (1) definition of goal 

and scope, (2) inventory analysis, (3) life cycle impact assessment, and (4) 

interpretation.  

   The goal and scope includes which level of detail that should be applied in the LCA 

and what system boundaries that should be used. System boundaries decides what 

processes to include in the LCA. They can be natural (defining where the life cycle 

studied begin and end), geographical (defining where the data is collected), and time 

horizontal (defining what time perspective that is studied) (Baumann & Tillman, 2004). 

The system boundaries used in an LCA differs depending of the subject, the purpose, 

and the intended use. The goal and scope is also dependent on the functional unit 

decided on in the LCA. The functional unit defines what is being studied and all 

analyses, inputs and outputs should be comparative to it (Swedish Standard Institute, 

2006b).  
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   In the second step of the LCA, the Life Cycle Inventory (LCI) analysis, a flowchart is 

constructed including all processes studied in the LCA, e.g. production, transport and 

waste management. Data is collected for all the processes and the amount of emissions 

created from or resources used by the system is put in relation to the chosen functional 

unit. The results of the Life Cycle Inventory analysis are usually presented graphically 

as e.g. bar charts (Baumann & Tillman, 2004). 

   Life Cycle Impact Assessment (LCIA) is the third step of the LCA. It describes the 

impacts created by the quantified environmental loads found in the life cycle inventory 

(Baumann & Tillman, 2004) and organises, characterises and weight these depending 

on their type of impact on the environment (Swedish Standard Institute, 2006b).  

   The last step in the LCA, is to do an interpretation of the life cycle inventory and/or 

the LCIA and draw conclusions and by so create recommendations in line with the 

scope and goal of the study (Swedish Standard Institute, 2006a).  

   When the goal of an LCA study can be reach without including the LCIA phase the 

study is referred to as a Life Cycle Inventory Study (LCI) (Swedish Standard Institute, 

2006a; Swedish Standard Institute, 2006b) 

   An LCA should include all the different parts of the life cycle, called unit processes. 

However, this is difficult to achieve. For this reason, an LCA-study should always be 

viewed critically and conclusions containing exact emissions should be interpreted 

with caution. An LCA is also dependent on the system boundaries used and it is often 

impossible to give a completely true picture of all the emissions connected to the life 

cycled studied (Plevin, Delucchi and Creutzig, 2014). An LCA can therefore not predict 

precise or absolute environmental impacts but rather represents potential 

environmental impacts (Goedkoop, Oele, Leijting, Ponsioen & Meijer, 2016). 

   Even though some guidelines exist for the construction of an LCA in ISO 14040 

(Swedish Standard Institute, 2006ab) and ISO 14044 (Swedish Standard Institute, 

2006a) one single specific method on how is should be done does not exist. It can 

therefore be implemented with some flexibility depending on the purpose (Pelvin, 

Delucchi & Creutzig, 2013).  

 

1.3.1. Life cycle perspective on products 

When doing an LCA on household products it is important to include production, 

transport from production site to store, energy use for storage, transportation by the 

consumer, use and waste management (Swedish National Board of Trade, 2012), i.e. 

including both upstream and downstream flows (Sundqvist & Palm, 2010). In many 

cases the main negative environmental impacts are linked to extraction and 

production rather than to the waste management (Sundqvist & Palm, 2010). In the 

following text transportation and energy use for operation of buildings, i.e. storage, 

will be described further to create a better understanding of the calculations made in 

the method. 
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1.3.2. Transportation 

Transports links together the different parts in the studied system (Swedish National 

Board of Trade, 2012), and is a part of a products life cycle which creates impacts on 

the climate (Sundqvist & Palm, 2010). The transport sector plays an important role in 

the total climate impact globally since it is highly dependent on fossil fuels (Swedish 

National Board of Trade, 2012).  

   Waterborne traffic is the main mode of transportation of products between countries 

that do not share borders (Swedish National Board of Trade, 2012) and volumes 

shipped are believed to increase (Becker et al., 2013). Waterborne traffic freight (in 

volume) approximately 80 percent of the import of products to Sweden. 0.3 percent of 

the import transportations are made with airborne traffic and 17.3 percent with road 

traffic. The use of air born traffic for world trade is modest and is mainly used for 

fragile products or products that have a short shelf life. Large differences can be found 

in the CO2 emission rate of different mode of transportation. In general freights by air 

transport releases the most emissions and freight by water transport the least per ton 

kilometre (tkm). Road transport are the main mode of transportation for regional 

transportations to shipping ports (Swedish National Board of Trade, 2012). The main 

distance for road transport from an industry to a port for freight by water traffic is 

estimated to 400-500 km (mean 450 km) based on the main characteristics of inland 

connections transporting container cargo from ports in the EU (Pastori, 2015). The 

most common distance for road transports within the borders of Sweden has a mean 

of 250 km covering 15 percent of the transports (Trafikanalys, 2015).  

   Distance from a port to a conventional store by road transport can vary greatly 

depending on the location of the port and the store. In Gothenburg the port is located 

close to the city as shown in figure 3. 

 

 

 
Figure 3. Location of the container port in Gothenburg (APM Terminals Gothenburg 

AB) from Google Maps (2018a) 
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   The road transports generates approximately 3/4 of the CO2 emissions from trade 

transports globally. Passenger traffic accounts for approximately 2/3 of these emissions 

(Swedish National Board of Trade, 2012). When consuming seldom bought products 

79 percent of the Swedish consumers travels by car, 12 percent uses the public 

transport, 5 percent walks, and 3 percent go by bike. Purchases of seldom bought 

products often occur in the buyers own county and is done as a specific trip with the 

focus on specifically buying these products. The mean travelling distance to a 

conventional store to buy seldom bought products is 25 km back and forth (Swedish 

Trade Federation, n.d.). Emissions from transport affects the total environmental load 

of the products less or more depending on the emissions created in the other steps of 

the life cycle (Swedish National Board of Trade, 2012).  

 

1.3.3. Energy for operation of buildings  

Energy use due to storage of products contributes to the total environmental load of 

the products (Swedish National Board of Trade, 2012). Year 2014 the mean energy 

usage for heating was 134 kWh/m2 (Energi- och klimatrådgivningen i 

Stockholmsregionen, 2016). According to the Swedish Energy Agency energy use for 

heating of non-residential premises in Sweden 2016 was obtained from district 

heating, electric heating, biomass fuel, oil, and natural gas (Swedish Energy Agency, 

2018) as shown in table 1. The table also include the amount of ton CO2e generated per 

kWh for each heating source. 

 

Table 1  

Heating of Non-Residential Premises in Sweden 2016  

 

Energy source District 

heating 

Electric 

heating 

Biomass 

fuel 

Oil Natural 

gas 

% of energy 

source used 

76 16 4 2 2 

Kg CO2e/kWh 0,0886 0,0973 0,288 0,0792 0,0187 

Note.  % of energy source used from the Swedish Energy Agency (2018) and Ton 

CO2e/kWh from West & Axelsson (n.d.)  

 

2. METHOD 

To answer the first research question “To what extent does the material entering a Free 

Shop correspond to the amount of household waste disposed of in Gothenburg for each material 

category?” primary data has been collected through a direct analysis at the Free Shops 

and data from literature over the amount of waste disposed of by the households in 

Gothenburg has be analysed. To answer the second research question “How much CO2e 

emissions can be avoided by reusing products at Free Shops instead of buying equivalent 
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products at a conventional store?” a  Life Cycle Inventory Study has been made. By using 

ISO 14040 (Swedish Standard Institute, 2006b) and ISO 14044 (Swedish Standard 

Institute, 2006a) the study attempts to include the different steps in the Life Cycle 

Inventory analysis which can be related to the purpose of the study. Steps that are not 

considered applicable to the study or related to the purpose have not been included. 

The same applies to the Goal and Scope used in the study. The Goal and Scope has 

been included in the following section to create an understanding of what has been 

included and excluded from the Life Cycle Inventory Study and why. The section will 

however not include the reason why the study is conducted (as the Goal should 

according to ISO 14044 (Swedish Standard Institute, 2006a)) since this is already stated 

in the introduction of this report as well as in section 2.3. Purpose and Objective. The 

interpretation of the life cycle is discussed in section 4. Discussion and interpretation 

of the life cycle.  

   The method includes different equations. The full calculations with numbers can be 

found in appendix 3. 

 

2.1.Goal and scope 

This study will be used by the City of Gothenburg in their further work for 

implementation of Free Shops in the city of Gothenburg. The result of the study is 

therefore intended to be communicated with the City of Gothenburg. 

   The study has been conducted as a simplified screening study which gives broad 

estimations rather than detailed specific answers. The result should be evaluated with 

this in mind.    

   Via the Life Cycle Inventory Study, the CO2e emissions from production and waste 

management processes for the materials entering the two Free Shops studied have 

been analysed together with emissions linked to transportation and energy use at the 

Free Shops to include the whole system. A baseline scenario has been created as a 

reference system, showing the CO2e created if the studied system (Free Shop) are not 

used, making a comparison of the effect with and without the system possible. The 

baseline scenario is only used as a reference system and not as a comparative 

statement. The total environmental impact by the product system can be calculated by 

subtracting the environmental impact by the Free Shop system from the baseline 

scenario (Pelvin, Delucchi & Creutzig, 2013). In the baseline scenario for the Free Shops 

the products are produced, used and sent to waste management directly without being 

reused.  

   To analyse to what extent the material entering a Free Shop correspond to the 

amount of waste generated in Gothenburg for each material category the mean 

amount of material entering a Free Shop (based on the Free Shops in the case study) 

has been put in relation to the amount of waste generated per material category in 

Gothenburg.  
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2.1.1. Case study: Free Shop Majorna and Högsbo 

The Free Shops analysed for this study are Free Shop Majorna and Free Shop Högsbo, 

both located in the west parts of central Gothenburg as shown in figure 4.  

 

i. Free Shop Majorna 

 Location: Carnegiegatan 9B, 414 53, Gothenburg 

 Size: 28.06 m2 

 Energy use: 3760 kWh/year 

 Open hours: 18:00-20:00 once a week   

 

ii. Free Shop Högsbo 

 Location: Riksdalersgatan 10, 414 81, Gothenburg 

 Size: 18.83 m2 

 Energy use: 2523 kWh/year 

 Open hours: 18:00-19:00 once a week 

 

 
Figure 4. Location of the two Free Shops used in the case study. Free Shop Majorna (red 

dot) from Google Maps (2018b) and Free Shop Högsbo (yellow dot) from Google Maps 

(2018e). 

 

The two Free Shops handles products such as clothes, toys, books and kitchen gear, 

and other small items. The shops does not have the capacity to store larger products 

and do therefore not accept these. Free Shop Majorna do, however, have a billboard 

where larger products can be advertised according to Anna Glavenhult voluntary 

worker at Free Shop Majorna (personal communication, Mars 1, 2018) and Free Shop 

Högsbo handles advertisement through notes that is posed in the shop. Both Free 

Shops also advertise larger products online on the shops Facebook pages: Gratisbutiken 

i Majorna (https://www.facebook.com/gratisbutiken/) and Gratisbutiken Högsbo 
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(https://www.facebook.com/groups/386572828145029/). These larger items have not 

been included in the study since they do not enter the material flow of the physical 

shop and weighing them would probably not be possible due to their size and them 

being sold from personal households. 

   According to Anna Glavenhult, the products that is not taken from the shop by 

visitors is sent to help organizations in Gothenburg (personal communication, Mars 1, 

2018). Material entering the Free Shops that is too worn out or too broken to use is 

separated at source and disposed of. The need for this is however rare according to 

Solveig Bontes (voluntary worker at Free Shop Majorna) (personal communication, 

Mars 22, 2018). 

 

2.1.2. Function and functional unit 

The function of the studied product system (Free Shop) is to increase reuse of products 

and by so increase the possibilities to reduce emissions of GHG. The functional unit 

chosen in this report is Free Shop per year to give a quantitative measurement of the 

amount of GHG that can be avoided per product system on a yearly basis. 

 

2.1.3. Data requirements  

The study strives to use relevant and reliable data. When possible, data should be 

taken from primary sources, if not reports from administrative authorities or 

publicised scientific literature should be used in first hand and other sources in second 

hand. The data used should be relevant in time therefore data older than 10 years has 

been excluded i.e. the study includes data from 2008 to 2018. The data used should be 

of geographical relevance i.e. be appropriate for the studied area.  

 

2.1.4. System boundaries 

Natural boundaries 

In this study the analysation starts at the reception of raw material at the factory and 

ends with the waste management. Included are production, transportation, energy use 

at Free Shops and waste management, further described in section 2.2. Life Cycle 

Inventory Analysis. 

 

Geographic boundaries  

There is a variation in production site depending on the material analysed in this 

study. The geographic location matching the country of the activity have been used if 

possible to create an as realistic scenario as possible. 

For the direct analysis at the Free Shops the physical boundaries of the shop sets the 

geographic boundaries.  
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Time horizon 

The study only take materials entering the Free Shops during the data collection period 

(week 8-12, 2018) in consideration. Material entering the flow before or after the data 

collection period was not analysed. In this study a scenario of one year will be 

presented which means that an upsizing will be made based on the data collected. The 

upsizing was set to one year to make a comparison with the amount of waste disposed 

of in Gothenburg yearly. 

 

2.1.5. Cut-off criterions and limitations 

 The study does not take usage or maintenance of products into consideration. This 

is because is assumed to be similar whether or not the product is for free or bought. 

 Energy use due to storage at a conventional store (not Free Shop) is not included 

since it would create the same amount of CO2e-emissions in the Free Shop system 

analysed as in the baseline scenario. This is because the energy use of the store is 

static and non-dependent of the amount of products stored in it. 

 The outflow of material in the form of waste from the Free Shops have not been 

included in this study due to limited resources and time. The outflow is however 

low according to Solveig Bontes who is a voluntary worker at Free Shop Majorna 

(personal communication, Mars 22, 2018) and the effect on the end result would 

therefore be little. 

 Ceramics and metal was two of the materials entering the Free Shops, however 

due to missing suitable and reliable data the life cycle for these materials is not 

included in the study. The precentral flow included is therefore 84 %.  

 The possible rebound effect, i.e. that visitors of the Free Shops use the money saved 

to buy other products leading to greenhouse gas emissions are not included in the 

study. This aspect has been excluded due to limitation of time.  

 

2.1.6. Assumptions 

1. In this study it is assumed that 40 percent of the ton CO2e is reduced from 

process units connected to the products but not the Free Shops when the need 

for buying new products decreases. 

2. The products entering the Free Shops would, if not reused in the Free Shops, be 

disposed of entering the waste management system. 

3. Since it is not possible to know the amount of times a product has been reused 

(Waste & Resources Action Programme, 2011) before entering the Free Shops 

the products have been assumed to be reused only one time before disposal. 

4. It is assumed that approximately half of the persons visiting a Free Shop hands 

in products based on observation at the Free Shops during the data sampling 

period. 
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2.2.  Life Cycle Inventory Analysis 

For the Life Cycle Inventory analysis, a flowchart has been constructed including the 

different unit processes studied as shown in figure 5. The unit processes are: 

1. Production: Production of the model product starts with the reception of raw 

material at the factory gate and ends at the finished product ready for shipping.  

2. Transport from production site to conventional store: Transportation begins at 

the factory and ends at a conventional store (not a Free Shop). 

3. Transport to and from a conventional store: The distance travelled to buy a 

product that will later be handed in at a Free Shop by a visitor. 

4. Transportation to and from Free Shops: The distance a visitor travel to get to 

the Free Shop and the distance travelled when leaving the Free Shop.  

5. Energy used for operation of the Free Shop: Includes the energy used for 

heating and for light. 

6. Transportation of waste and waste management: The unit starts with the 

transportation for collection of each material category and ends at the waste 

management including emissions saved due to the recycled material being used 

in next production (as material or energy). 

The CO2e created by each process have been calculated and summed together to get 

the total GHG emissions created by the Free Shop system. This has then been put in 

relation to the functional unit.  
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Figure 5. Product System of the Free Shop scenario with its different unit processes. 

 

2.2.1. Data quality 

Data has mainly been collected from the databases Agri-footprint, Ecoinvent 3 and 

ELCD using the LCA software SimaPro (version 8.3.0.0 Multi user) (PRé Consultants, 

2016). SimaPro contains multiple different databases and is designed to be a science 

based information source (PRé Consultants, 2018). The method used in SimaPro is 

IPCC 2013 GWP 100a (PRé Consultants, 2016). Other main sources used in this report 

are Swedish Environmental Protection Agency, IVL Swedish Environmental Research 

Institute, Statistic Sweden’s switchboard (SCB), Swedish National Board of Trade, The 

City of Gothenburg, and the Swedish Trade Federation. Where data has been missing 

or needed to be supplemented other sources have been used which has been valued 

as reliable. Data has also been collected through direct analysis at the Free Shops and 

through interviews regarding traveling pattern of visitors of the Free Shops. 

Techniques for data collection used by the different sources referred to in this study 

can be found in Appendix 1. 

 Production 

Transportation 

Collection and 

Transportation 

Waste management 

Other Incineration Recycling 

Usage 

Landfill 

Transportation 

Free Shop 

UPSTREAM 

DOWNSTREAM 

Conventional store 



14 

 

2.2.2. Direct analysis at Free Shops 

Material entering the two Free Shops has been weight according to a variation of a 

direct analysis called the “sample and sort” method where the material is collected 

and analysed for content. The collected products are classified, by hand, into different 

selected subcategories, for example metal, glass, plastic, and so on (Brunner & 

Rechberger, 2004). The material that entered the Free Shops were weight using a 

baggage scale. The products were sorted according to the subcategories and was put 

it in a large plastic bag to be weight. The weight of the bag was not registered by the 

scale and did therefor not need to be removed from the weight measurement. The 

baggage scale used has the trade name Digital bagagevåg Asaklitt by the brand 

Asaklitt. It has a maximum capacity of weighing 40 kg/weighing and an accuracy of 

100 gram (Clas Ohlson, n.d.). Products entering the Free Shops containing more 

material than one was categorised according to the main material of the product. 

 

2.2.3. Production and waste management 

 

The products entering the Free Shops are of variating materials. It has not been 

possible (due to time limitations) to analyse the life cycle off all the products and the 

CO2e connected to them. For that reason, model products have been used representing 

all the products in each material category. The model products are presented in table 

2. The model products have been chosen based on their relevance to the actual 

products entering the Free Shops and their availability in SimaPro (PRé Consultants, 

2016). Table 2 also shows the emissions of ton CO2e/kg material which have been 

calculated by using SimaPro for emission from production (PRé Consultants, 2016) 

and the report “Miljöpåverkan från avfall – underlag för avfallsprevention och förbättrad 

avfallshantering” by Sundqvist and Palm (2010) for emission from waste transport and 

waste management. These values have been used to calculate the total CO2e generated 

by all the material categories, as shown in equation 1. 

 

Table 2 

Materials entering the Free Shops with model products used for calculations of CO2e 

and the generated ton CO2e/kg material from production and waste management 

Material category Model product Ton CO2e/kg material 

Glass Glass package 0,0006 

Paper and cardboard Newsprint paper 0,00118 

Plastic HDPE Bottle 0,00318 

Wood Wooden Frame -0,0000007 

Textiles Woven cotton fabric 0,00257 

Electronics (Hazardous 

waste) 

Computer desktop 

without screen 

0,00177 

Note. Data from PRé Consultants (2016) and Sundqvist & Palm (2010). Activities used 

in SimaPro can be find in appendix 2. 
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By using equation 1 the ton CO2e generated from production and waste management 

for each material category entering the Free Shops has been calculated. The ton CO2e 

generated per kilogram material has been multiplied with the weight of each material 

category. 

 

𝑇𝑜𝑛 𝐶𝑂2𝑒/𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 = (𝐸𝑝 + 𝐸𝑤) ∗ 𝑊𝑜𝑀 (eq1) 

 

Ep = Emissions due to production (ton CO2e/kg material). 

Ew = Emissions due to waste management (ton CO2e/kg material). 

WoM = Weight per material category entering the Free Shop (kg/year). 

 

The calculations of ton CO2e generated per material category has then been summed 

together to get the total ton CO2e generated per Free Shop/year. 

 

2.2.4. Transport from production site to conventional store 

 

Based on the main mode of transportation for import of products to Sweden, the 

following calculations include transport from production site to port and port to 

conventional store by road transport and transportation over sea by waterborne traffic 

(Swedish National Board of Trade, 2012). Activities used in SimaPro for calculations 

of ton CO2e can be found in appendix 2. The distance connected to each material 

category varies depending on the main import country to Sweden for the material. For 

the material categories where Sweden export more than import (Ekonomifakta, 2018) 

Sweden has been used as the production country and road transport are included at a 

distance of 0.250 tkm/kg material (Trafikanalys, 2015). For imported material the 

distance has been calculated from the main port in the main import country to the port 

of Gothenburg, Sweden, and from the port of Gothenburg to a conventional store. For 

China the main port is located in Hong Kong and for Germany it is based in Hamburg 

(Lee, Song, Ducruet, 2008). The online page sea-distances.org has been used for the 

calculations of shipping distance between the ports shown in table 3. The road 

transport distance is assumed to be 0,450 tkm/kg material from production site to port 

for shipping for each kg material (Pastori, 2015). From the port of Gothenburg to a 

conventional store in Gothenburg the distance per kilogram transported material is 

assumed to be no more than 0.03 tkm/kg material due to its central location (Google 

Maps, 2018a; Google Maps, 2018c).  
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Table 3.  

The Transportation Distance of Material by Waterborne Transport 

Material category Country Shipping port Shipping distance 

(tkm/kg material) 

Glass Germany Hamburg 0,604 

Paper  Sweden ------------ 0 

Plastic Germany Hamburg 0,604 

Wood China Hong Kong 18,876 

Textile China Hong Kong 18,876 

Electronics Germany Hamburg 0,604 

Note. Main import country from WITS: Glass (2016d), Plastic (2016c), Textile (2016e), 

and Electronics (2016a), from Ekonomifakta (2014): Paper and Metal, and from Fair 

Trade Center (2009): Wood (based on furniture). Main shipping port from Lee, Song, 

Ducruet (2008) and Shipping distance to port of Gothenburg from Sea-Distance (2018). 

 

Equation 2 has been used to calculate the ton CO2e generated due to transport from 

production site to conventional store for each material category.  

 

𝑇𝑜𝑛 𝐶𝑂2𝑒/𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 = 𝐸𝑡 ∗ 𝑊𝑜𝑀 (eq2) 

 

Et = ton CO2e generated due to transportation (ton CO2e/kg material). 

WoM = Weight per material category entering the Free Shop (kg/year). 

 

The calculations of ton CO2e generated per material category has then been summed 

together to get the total ton CO2e generated per Free Shop/year. 

 

2.2.5.  Transport to and from a conventional store 

 

The distance used for transportation to and from a convenient store in this study is 25 

kilometres based on the mean travelling distance for purchasing seldom bought 

products (Swedish Trade Federation, n.d.). Activities used in SimaPro for calculations 

of ton CO2e can be found in appendix 2. The amount of visitors per Free Shop/year is 

approximately 832 (based on a mean of 16 visitors per week counted during the data 

sampling period). It is assumed that half of the visitors (416) hand in products that 

have been purchased at a conventional store. Table 4 shows the amount of visitors 

using different modes of transport for travels to a conventional store for the 

purchasing of products that will later be handed in to a Free Shop. The table also shows 

the distance travelled and the ton CO2e generated. 
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Table 4 

Transportation to and from a conventional store for consumption 

Mode of 

transport 

Percent using 

the mode of 

transport 

Amount of 

visitors using 

the mode of 

transport 

Distance 

(km) 

Ton 

CO2e/25 

km3 

Car 79 329 25 0,00762 

Buss 12 50 25 0,00269 

Feet 5 21 25 0 

Bike 3 12 25 0 

Note. Percent using mode of transport from and Distance from Swedish Trade 

Federation (n.d.). Ton CO2e/distance from PRé Consultants (2016).  

 

Equation 3 is used to calculate the total ton CO2e generated per mode of transport per 

Free Shop/year. The ton CO2e generated per distance (25 km) has been multiplied with 

the amount of visitors using the mode of transport. 

 

𝑇𝑜𝑛 𝐶𝑂2𝑒/𝑚𝑜𝑑𝑒 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡/𝐹𝑟𝑒𝑒 𝑆ℎ𝑜𝑝 = 𝐶𝑂2𝑒𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ∗ 𝑣𝑀𝑜𝑇 (eq3) 

 

CO2eDistance = ton CO2e/25 km 

vMoT = amount of visitors using the mode of transport 

 

By using equation 4 and multiplying the different ton CO2e generated per mode of 

transport the total ton CO2e from transportation to and from the conventional store 

can be calculated per Free Shop/year. 

 

𝑇𝑜𝑛 𝐶𝑂2𝑒 𝑝𝑒𝑟 𝐹𝑟𝑒𝑒 𝑆ℎ𝑜𝑝/𝑦𝑒𝑎𝑟 = 𝐶𝑂2𝑒𝐶𝑎𝑟 + 𝐶𝑂2𝑒𝐵𝑢𝑠  (eq4) 

 

CO2eCar = total ton CO2e generated by car 

CO2eBus = total ton CO2e generated by bus 

 

2.2.6. Transport to and from Free Shop 

 

Transportation to the Free Shops are based on interviews with ten visitors of the Free 

Shop Majorna and Högsbo. The interview questions used were: How did you travel to 

the Free Shop today? and How long was the distance you travelled to the Free Shop and how 

long is the distance you will travel from the Free Shop? The questions were asked during 

the data sampling period when the persons were visiting the shops. Of the ten visitors 

questioned (all adults) four travelled by tram (12 km, 12 km, 8 km, and 6 km), one by 

bus (12 km) and the rest by feet. This generated emissions of 0.0076 ton CO2e. Equation 
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5 has been used to calculate the total ton CO2e generated from transport per Free 

Shop/year. Activities used for calculation of CO2e can be found in appendix 2. 

 

𝑀𝑒𝑎𝑛 𝑡𝑜𝑛 𝐶𝑂2𝑒 𝑝𝑒𝑟 𝑣𝑖𝑠𝑖𝑡𝑜𝑟 =
𝑡𝑜𝑛 𝐶𝑂2𝑒 𝑏𝑦 𝑡𝑒𝑛 𝑣𝑖𝑠𝑖𝑡𝑜𝑟𝑠

10
 

(eq5) 

 
𝑇𝑜𝑡𝑎𝑙 𝑡𝑜𝑛 𝐶𝑂2𝑒 𝑝𝑒𝑟 𝐹𝑟𝑒𝑒 𝑆ℎ𝑜𝑝/𝑦𝑒𝑎𝑟 = 𝑀𝑒𝑎𝑛 𝑡𝑜𝑛 𝐶𝑂2𝑒 𝑝𝑒𝑟 𝑣𝑖𝑠𝑖𝑡𝑜𝑟 ∗ 𝑣𝑖𝑠𝑖𝑡𝑜𝑟𝑠/𝑦𝑒𝑎𝑟  

 

2.2.7. Energy for operation of Free Shop  

 

Heating 

To calculate the amount of kWh used per Free Shops/year for heating the mean 

kWh/m2 for heating year 2014 (134 kWh/m2) was (Energi- och klimatrådgivningen i 

Stockholmsregionen, 2016) multiplied with the size of the Free Shops (m2) using 

equation 6. 

𝑘𝑊ℎ 𝑝𝑒𝑟 𝐹𝑟𝑒𝑒 𝑆ℎ𝑜𝑝/𝑦𝑒𝑎𝑟 = 𝑘𝑊ℎ/𝑚2 ∗  𝑚2  (eq6) 

 

Equation 7 was used to calculate the ton CO2e generated per energy source per Free 

Shop/year based on table 1 and the total kWh used per Free Shop/year. 

 

𝑇𝑜𝑛 𝐶𝑂2𝑒/𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑜𝑢𝑟𝑐𝑒/𝐹𝑟𝑒𝑒 𝑆ℎ𝑜𝑝 = (𝐸𝑠𝐻 ∗ 𝑘𝑊ℎ𝐹𝑆) ∗ 𝐶𝑂2𝑒𝑘𝑊ℎ𝐸𝑠 (eq7) 

 

EsH = Percent of energy source used for heating 

kWhFS = total kWh used per Free Shop/year 

CO23kWhEs = ton CO2e/kWh generated by energy source 

 

By multiplying the different ton CO2e per energy source per Free Shop/year the total 

ton CO2e per Free Shop/year was estimated for heating. 

 

Light 

For the ton CO2e generated by use of light in the Free Shops a light source in the form 

of a low energy lamp was used for the calculations. A low energy lamp use 

approximately 0.007 kWh (Eon, 2007). The amount of kWh was multiplied with 

amount of hours the light source is used during one year as shown in equation 8. The 

calculations of ton CO2e per kWh/year was made in SimaPro, the activity used can be 

found in appendix 2.  

 

𝑘𝑊ℎ/𝑦𝑒𝑎𝑟 = (𝑘𝑊ℎ ∗ ℎ/𝑤𝑒𝑒𝑘 𝑢𝑠𝑒𝑑) ∗ 52 𝑤𝑒𝑒𝑘𝑠  (eq8) 
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2.2.8. Total emissions upstream and downstream 

When linking the upstream and downstream flows for each Free Shop equation 9 is 

used, adding together all the process units.  

 

Ton 𝐶𝑂2𝑒 𝑝𝑒𝑟 𝐹𝑟𝑒𝑒 𝑆ℎ𝑜𝑝/𝑦𝑒𝑎𝑟 = 𝑃𝑊 + 𝑇𝑃𝑆 + 𝑇𝑆 + 𝑇𝐹 + 𝐸𝐹 (eq9) 

 

PW = ton CO2e generated from production and waste management 

TPS = ton CO2e generated from transport between production site and conventional 

store. 

TS = ton CO2e generated from transport to and from conventional store 

TF = ton CO2e generated from transport to and from Free Shop 

EF = ton CO2e generated from operation of Free Shop 

 

2.2.9. Comparison with the baseline scenario 

 

Since it is assumed that 40 percent of the ton CO2e/total weight is reduced when the 

need for buying new products decreases equation 10 is used. 40 percent is removed 

from emissions of CO2e from production, transportation from production site to a 

conventional store, to and from a conventional store, and waste management.  

 
𝑇𝑜𝑡𝑎𝑙 𝑡𝑜𝑛 𝐶𝑂2𝑒 𝑝𝑒𝑟 𝐹𝑟𝑒𝑒 𝑆ℎ𝑜𝑝/𝑦𝑒𝑎𝑟 = 

((𝑃𝑊 + 𝑇𝑃𝑆 + 𝑇𝑆) − ((𝑃𝑊 + 𝑇𝑃𝑆 + 𝑇𝑆) ∗ 0,4)) + (𝑇𝐹 + 𝐸𝐹)     (eq10) 

 

PW = ton CO2e generated from production and waste management 

TPS = ton CO2e generated from transport between production site and conventional 

store. 

TS = ton CO2e generated from transport to and from conventional store 

TF = ton CO2e generated from transport to and from Free Shop 

EF = ton CO2e generated from operation of Free Shop  

 

To calculate the baseline scenario equation 11 is used. All emissions bound to the Free 

Shops have been removed from the calculations, i.e. operation of Free Shop and 

transport to and from Free Shop.  

 

𝑇on 𝐶𝑂2𝑒 for baseline scenario = PW + TPS + TS  (eq11) 

 

PW = ton CO2e generated from production and waste management 

TPS = ton CO2e generated from transport between production site and conventional 

store. 

TS = ton CO2e generated from transport to and from conventional store 
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To compare the emissions generated from the Free Shop systems and the baseline 

scenario the total ton CO2e generated from the Free Shop system is subtracted from 

the baseline scenario using equation 12. 

 

𝑇𝑜𝑛 𝐶𝑂2𝑒 𝑎𝑣𝑜𝑖𝑑𝑒𝑑/𝐹𝑟𝑒𝑒 𝑆ℎ𝑜𝑝 = 𝑡𝑜𝑛 𝐶𝑂2𝑒 𝐵𝐿 − 𝑡𝑜𝑛 𝐶𝑂2𝑒 𝐹𝑆     (eq12) 

 

Ton CO2e BL = ton CO2e generated by baseline scenario 

Ton CO2e FS = ton CO2e generated by Free Shop system 

 

The mean avoidance of ton CO2e by using a Free Shops (based on Free Shop Majorna 

and Högsbo) can be calculated by using equation 13. 

 

𝑀𝑒𝑎𝑛 𝑡𝑜𝑛 𝐶𝑂2𝑒 𝑎𝑣𝑜𝑖𝑑𝑒𝑑 𝑝𝑒𝑟 𝐹𝑟𝑒𝑒𝑆ℎ𝑜𝑝/𝑦𝑒𝑎𝑟 =
(𝐹𝑀+𝐹𝐻)

2
  (eq13) 

 

FM = Avoided amount of ton CO2e by Free Shop Majorna 

FH = Avoided amount of ton CO2e by Free Shop Högsbo 

 

3. RESULTS 

3.1.  Material inflow at Free Shop Majorna and Högsbo 

During the data sampling period Free Shop Majorna received 197.1 kg of material 

which equals 2365.7 kg per Free Shop/year shown in table 5. Free Shop Högsbo 

received a total of 80.3 kg material during the data sampling period which during one 

year equals 963.6 kg per Free Shop/year shown in table 6. 

  

Table 5.  

Weight per material per Free Shop per year for the Free Shop Majorna 

. 

 

Material category Weight 

(kg/sampling 

period) 

Weight  

(kg/Free Shop/year) 

Percentage (%) 

Textile 106,1 1273,2 54 

Ceramics 20,6 247,2 10 

Plastic 18,8 225,6 9 

Paper 15,8 189,6 8 

Wood 9,3 111,6 5 

Glass 9,2 110,4 5 

Electronics 9,1 109,7 5 

Metal 8,2 98,4 4 

Total 197,1 2365,7 100 
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Table 6.  

Weight per material per Free Shop per year for the Free Shop Högsbo 

 

Material category Weight  

(kg/sampling 

period) 

Weight (kg/year) Percentage (%) 

Textile 35,2 422,4 44 

Metal 11,6 139,2 14 

Electronics 10,7 128,4 13 

Plastic 6,2 74,4 8 

Glass 5,2 62,4 7 

Ceramics 5,2 62,4 7 

Paper 3,5 42 4 

Wood 2,7 32,4 3 

Total 80,3 963,6 100 

  

 

3.2. Material inflow at a Free Shop corresponding to the amount of 

waste generated in Gothenburg 

Table 7 shows the amount of material entering a Free Shop (the mean value of kilogram 

material is based on the two Free Shops Majorna and Högsbo) and how these ton 

corresponds to the amount of waste produced in households in Gothenburg year 2014 

(Göteborgs Stad, n.d.b.; Swedish Environmental Protection Agency, 2016). Ceramics is 

not included since no single waste category could be found for the material. The table 

shows that the material weight that enters a Free Shop (except for ceramics) equals 

1.39 ton. In percent this corresponds to 0.0025 of the waste that is disposed of by the 

households in Gothenburg for these material categories.    

   The amount of waste produced by the households presented in table 7 is based on 

material with producer responsibility for metal, glass, paper and plastic. If these four 

material categories instead belonged to bulky waste the material would correspond to 

0.00001 percent of the bulky waste disposed of in Gothenburg 2014 (Göteborgs Stad, 

n.d.b).  
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Table 7 

Material Entering a Free Shop/Year Corresponding to the Amount of Waste Produced 

by Households in Gothenburg 2014 

Material 

category 

Free Shop/year 

(ton material) 

% corresponding to the amount of  

waste produced by households in 

Gothenburg 2014 

Metal 0,12 0,00015 

Glass 0,09 0,00001 

Paper 0,12 0,00001 

Plastic 0,16 0,00006 

Electrical 0,12 0,00002 

Textile 0,71 0,00224 

Wood 0,07 0,000003 

Total 1,39 0,0025 

 

3.3. Amount of CO2e avoided by reusing products at a Free Shop 

 

Figure 6 shows the amount of ton CO2e generated from the product system and the 

unit processes in the product system. The values have been calculated by using 

equation 1 to 9 described in the method. The amount of ton CO2e generated from 

production and waste management of the materials entering the Free Shops are higher 

for Free Shop Majorna then Free Shop Högsbo since more material entered Free Shop 

Majorna during the data sampling period. For the same reason the transportations 

from production site to conventional store generated more CO2e for Free Shop 

Majorna. The energy used for operation of the Free Shops differ between the shops 

since it is dependent on the size of the shop and the amount of hours the shop is used. 

In total Free Shop Majorna generated approximately 39.5 ton CO2e while Free Shop 

Högsbo generated approximately 17 ton CO2e. 
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Figure 6. Amount of ton CO2e generated per Free Shop/year and per each unit 

process 

 

Equation 10 (page 19) is used on the total ton CO2e generated by the two Free Shops 

to include the emissions avoided by using a Free Shop due to a reduced need for 

buying new products. This is shown in figure 7 together with the ton CO2e generated 

by the baseline scenario using equation 11 (page 20) and the total amount of CO2e 

avoided by using Free Shops. The Free Shop system calculated by equation 10 (page 

19) was put in relation to the baseline scenario by using equation 12 (page 20). This 

resulted in approximately 14 ton CO2e avoided by using Free Shop Majorna/year and 

6 ton CO2e avoided by using Free Shop Högsbo/year. By using equation 13 the mean 

amount of CO2e avoided by using a Free Shop can be estimated to 10 ton CO2e per 

Free Shop/year. 
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Total ton CO2e
per Free
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Free Shop Högsbo 13,487 0,04 2,642 0,632 0,243 17,044

Free Shop Majorna 35,791 0,119 2,642 0,632 0,363 39,547

Free Shop Högsbo Free Shop Majorna
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Figure 7. Ton CO2e generated by the Free Shops/year including avoided emissions due 

to reuse, ton CO2e generated from baseline scenario/year and ton CO2e avoided by 

using Free Shop Majorna and Högsbo. 

 

 

3.4. Sensitivity analysis 

Table 8 is showing the amount of ton CO2e that can be avoided if reusing reduces the 

need to buy a new product with different percentages. Equation 10 has been used.  

Table 8 

Ton CO2e avoided when a reused product replaces the need for a new product 

Reduced need of 

buying a new 

product 

Percent Free Shop 

Majorna 

(ton CO2e 

avoided) 

Free Shop 

Högsbo  

(ton CO2e 

avoided) 

Main Scenario 40 % 14,426 5,592 

Scenario 1 20 % 6,716 2,359 

Scenario 2 60 % 22,137 8,826 

Scenario 3 100 % 37,557 15,294 
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4. DISCUSSION AND INTERPRETATION OF THE LIFE CYCLE 

In this study the environmental benefits in the form of avoided emissions of 

greenhouse gases by using Free Shops have been concluded using the methodology of 

a Life Cycle Inventory Study. There is no existing precisely defined universal accepted 

method for the conduction of a Life Cycle Inventory Study. This causes the precise 

meaning of environmental impacts during a life cycle to vary from study to study. It 

is common that not all processes and flows are known in the Life Cycle Inventory 

Study and that simplifications are made which can change the result depending on 

study. A Life Cycle Inventory Study is therefore not a complete and exact 

representation of reality but rather a simplified model. However, by comparing many 

different conducted Life Cycle Inventory Studies on the same subject an indication can 

be found whether or not the studied system increases or decreases the environmental 

load, steering for example decision makers in the right direction (Pelvin, Delucchi & 

Creutzig, 2013). In this study each unit process in the product system has been 

presented with the information and data needed to fulfil the goal and scope of the 

study following the data requirements and system boundaries stated.  

   By analysing the result of the two Free Shops used in the case study the mean 

avoidance of CO2e was estimated to 10 ton CO2e per Free Shop per year. The unit 

process generating most CO2e for both the Free Shops studied were production and 

waste management, followed by transportation to and from a conventional store. 

   As seen in this study transports can influence the emissions created during the life 

cycle of products. Which mode of transportation used can therefore change the result 

(Swedish National Board of Trade, 2012). For a more thoroughly made study the exact 

mode of transportation for each material should be used. However, this can be difficult 

since the same material might travel with different mode of transportation depending 

on distance between production site and conventional store. It is possible that 

transport will play a smaller part in the total emissions of GHG in the future due to 

improved energy efficiency, use of renewable resources and new vehicle models 

(Ribeiro & Kobayashi, 2007). 

   The emissions created from production is highly dependent on the material studied. 

Would other model products been used for calculations of CO2e the result could have 

varied greatly (Sundqvist & Palm, 2010). For an exact result a thoroughly made LCA 

of each product entering the Free Shops system must be made. This would be 

extremely time consuming and might almost be considered impossible. For a 

screening study like this one using a model product is therefore considered acceptable 

(Sundqvist & Palm, 2010).   

   The composition of generated reused products is constantly changing and therefore 

it is necessary to periodically analyse the flow (Brunner & Rechberger, 2004). The data 

collected for this study between week 8 and 12 (2018) is therefore only true for the 

specific period and can change if a similar study was to be made during another time. 

   Since the households are the main contributors to emissions of CO2 from purchasing 

of product there is a need to change the consumer behaviour ( World Wildlife Fund, 
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2008) towards reusing and buying reused product (Göteborgs Stad, n.d.a). With a 

changed consumer behaviour, it is possible that the number of visitors of the Free 

Shops would increase and by so maybe increase the amount of products being reused. 

The consumption patterns of the visitors of the Free Shops have not been included in 

this study therefore excluding the possible rebound effect. Lower prices on products 

(in this case cost-free) can increase the consumption of other products making it 

possible for the consumer to buy more products which the consumer might not have 

had afford before, leading to contribution of GHG emissions from other products or 

activities. This creates second order environmental effects which counterbalance the 

original gains of using Free Shops, a so called backfire-effect leading to an increasing 

environmental load (Swedish Environmental Protection Agency, 2006). To study this 

interviews or questionnaires would need to be made analysing these aspect of Free 

Shops on consumer behaviour. 

   The sensitivity analysis preformed in the study shows that the percentage of 

products not bought due to reuse at Free Shops highly affects the amount of GHG 

avoided. To achieve a result closer to the reality the amount of reduced purchases 

should be studied further. 

   The amount of material entering a mean Free Shop (based on the two Free Shops in 

the case study) corresponds to 0.0025 percent of the household waste disposed of in 

Gothenburg within the specific material categories. This indicates that the Free Shops 

will not play a big part in reducing the amount of waste generated in the city. 

However, if the number of Free Shops would increase a somewhat larger effect could 

possibly be seen. The amounts of products entering a Free Shop will variate depending 

on which Free Shop that is studied. If more Free Shops had been included in this study 

the mean amount of material entering a Free Shop might have changed, effecting the 

percentages. 

   The direct analysis method used in this study have some limitations such as that it is 

labour intensive. Would the study have been conducted for a longer time or included 

more Free Shops a larger labour force would have been needed. However, for this 

study with a relative small amount of material being handled the method was suitable. 

It is possible that the method used in this study also can be used on Second Hand 

Shops since they have a similar operation where the only difference lies in the price of 

the products. 

   Social aspect, such as the social benefits of Free Shops, have not been included in this 

thesis since the focus of the study has been on the environmental aspect. An LCA (or 

Life Cycle Inventory Study) does typically neither address socioeconomic aspects 

(Swedish Standard Institute, 2006a). To get a broader perspective of the possible gains 

by using Free Shops this could be studied further. 

   Since Free Shops often are based on voluntary work by a few people (Göteborgs Stad 

Konsument- och medborgarservice, 2017; Hem & Hyra, 2015; Kollaborativ Ekonomi 

Göteborg and Förvaltningen för Konsument- och Medborgarservice, n.d.a.) my own 

observation is that people with driving spirits are needed to make these shops stay 

open. If Free Shops is to increase in numbers in Gothenburg it is most believable that 
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they will emerge on grass-root level with the help of organisations and/or the 

municipality for finding suitable facilities without costs. There is always a risk to base 

activities on voluntary work since driving spirits are essential and these might come 

and go. By increasing the support by organisations and the municipally there is a 

possibility that a more stable increase of Free Shops could occur. 

      It is clear that Free Shops by themselves will not solve the problem with increasing 

amounts of waste and emissions from increasing production. However, as the 

common Swedish expression goes “Många bäckar små gör en stor å” (English: “Out of 

little acorns grow huge oaks”) Free Shops can contribute to reducing waste and GHG 

emissions in a small scale in Gothenburg. 

 

4.1. Suggestions for further research subjects 

1. Enlarging the study to include more Free Shops. 

2. Measure and analyse the social aspects of the Free Shops to get a broader 

perspective over the effect of establishing Free Shops in an area. 

3. Measure and calculate the outflow of material from the Free Shops. 

4. Analyse the rebound effects when using Free Shops. 

 

5. CONCLUSION 

 Through the use of Free Shops a mean of 10 ton CO2e can be avoided. 

 The material (except for ceramics) entering a mean Free Shop equals 1.39 ton, 

this corresponds to 0.0025 percent of the waste disposed of by the households 

in Gothenburg for these material categories. 

 Free Shops will not significant contribute to reaching higher up the waste 

management hierarchy since the Free Shops will not in a large scale contribute 

to reducing the amount of waste disposed of in Gothenburg, but in a small scale 

waste and CO2e can be avoided. 
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APPENDIX 1 

Source Used in section Methodology 

Direct analysis (primary 

source) 

2.2.2. Direct analysis at 

Free Shops; 2.2.6. 

Transport to and from 

Free Shop 

Direct analysis (Sample 

and sort) and interviews 

PRé Consultants, 2016 2.2.3. Production and 

waste management; 2.2.4. 

Transport from 

production site to 

conventional store; 2.2.5. 

Transport to and from a 

conventional store; 2.2.6. 

Transport to and from 

Free Shop 

LCA Software Tool 

Sundqvist & Palm, 2010 2.2.3. Production and 

waste management 

LCA 

Trafikanalys, 2015 2.2.4. Transport from 

production site to 

conventional store 

Statistical summary 

Pastori, 2015 2.2.4. Transport from 

production site to 

conventional store 

Statistical summary 

Google Maps, 2018 2.2.4. Transport from 

production site to 

conventional store 

Measurements through 

mapping tool 

Lee, Song & Ducruet, 

2008 

2.2.4. Transport from 

production site to 

conventional store 

Summary of data 

WITS, 2016 2.2.4. Transport from 

production site to 

conventional store 

WTO Integrated Data 

Base IDB 

Sea-Distance, 2018 2.2.4. Transport from 

production site to 

conventional store 

Measurements through 

mapping tool  

Swedish National Board 

of Trade, 2012  

2.2.5. Transport to and 

from a conventional store 

Summary of data 

Swedish Trade 

Federation, n.d. 

2.2.5. Transport to and 

from a conventional store 

Unknown 

Eon, 2007 2.2.7. Energy for 

operation of Free Shop 

Calculations 
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Swedish Energy Agency, 

2018 

2.2.7. Energy for 

operation of Free Shop 

Use of Swedish official 

statistics 

West & Axelsson, n.d. 2.2.7. Energy for 

operation of Free Shop 

Summary of LCI-data 

Farrant, Olsen & Wangel, 

2010 

2.2.9. Comparing with the 

baseline scenario 

Questionnaire-based 

survey 
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APPENDIX 2. 

Activity Activity used in SimaPro Used in section 

Production of glass Packaging glass, white 

{CH}| production | Alloc 

Def, S 

3.2.4. Production and 

waste management 

Production of paper Paper, newsprint {Europe 

without Switzerland}| paper 

production, newsprint, 

recycled | Alloc Def, S 

3.2.4. Production and 

waste management 

Production of plastic HDPE bottles E 3.2.4. Production and 

waste management 

Production of wood Wood pellet, measured as 

dry mass {RER}| window 

frame production, wood, 

U=1.5 W/m2K | Alloc Rec, U 

3.2.4. Production and 

waste management 

Production of textiles Textile, woven cotton 

{GLO}| production | Alloc 

Def, U 

3.2.4. Production and 

waste management 

Production of 

electronics 

Computer, desktop, without 

screen {GLO}| production | 

Alloc Def, S 

3.2.4. Production and 

waste management 

Waterborne transport Bulk carrier ocean, 

technology mix, 100.000-

200.000 dwt RER S 

3.2.5. Transportation from 

production site to 

conventional store 

Road transport (truck) Transport, truck >20t, 

EURO1, 100%LF, 

default/GLO Energy 

3.2.5. Transportation from 

production site to 

conventional store 

Transport passenger 

car 

Transport, passenger car, 

medium size, diesel, EURO 5 

{GLO}| market for | Alloc 

Def, S 

3.2.6. Transport to and 

from conventional store 

Transport by bus Transport, regular bus 

{GLO}| market for | Alloc 

Def, S 

3.2.6. Transport to and 

from conventional store 

Transport by bus Transport, regular bus 

{GLO}| market for | Alloc 

Def, S 

 

3.2.7. Transport to and 

from Free Shop 

 

Transport by tram Transport, tram {GLO}| 

market for | Alloc Def, S 

3.2.7. Transport to and 

from Free Shop 
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Energy for operation 

of buildings (light) 

Electricity mix, AC, 

consumption mix, at 

consumer, < 1kV SE S 

System - Copied from ELCD 

3.2.8. Energy for 

operation of Free Shops 
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APPENDIX 3. 

Equation 1. Ton CO2e/material category = (Ep +Ew) *WoM 

Ep = Emissions due to production (ton CO2e/kg material). 

Ew = Emissions due to waste management (ton CO2e/kg material). 

WoM = Weight per material category entering the Free Shop (kg/year). 

 

Material 

category 

Free Shop Majorna Free Shop Högsbo 

Glass 0,062 = (0,0006 + (-0,00004)) * 

110,4 

0,035 = (0,0006 + (-0,00004)) * 

62,4 

Paper and 

cardboard 

0,186 = (0,00118 + (-0,0002)) * 

189,6 

0,041 = (0,00118 + (-0,0002)) * 

42 

Plastic 1,056 = (0,00318 + 0,0015) * 

225,6 

0,348 = (0,00318 + 0,0015) * 

74,4 

Wood -0,0366 = (0,0000719 + (-0,0004)) 

* 111,6 

-0,011 = (0,0000719 + (-0,0004)) 

*32,4 

Textiles 32,594 = (0,0257 + (-0,0001)) * 

1273,2 

10,813 = (0,0257 + (-0,0001)) * 

422,4 

Electronics  1,931 = (0,0177 + (-0,0001)) * 

109,7 

2,260 = (0,0177 + (-0,0001)) * 

128,4 

Summed 

together 

35,791 13,487 

 

Equation 2. Ton CO2e/material category = Et *WoM 

Et = ton CO2e generated due to transportation (ton CO2e/kg material). 

WoM = Weight per material category entering the Free Shop (kg/year). 

 

Water borne traffic:  

Shipping distance 18.876 tkm/kg = 0.000046 ton CO2e 

Shipping distance 0.604 tkm/kg = 0.00000147 ton CO2e 

 

Road traffic: 

Distance 0.450 tkm/kg + 0.03 tkm/kg = 0.48 tkm/kg = 0.0000281 ton CO2e 

Distance 0.250 tkm/kg = 0.0000146 ton CO2e 

 

Transport from production site to conventional store: 

Hong Kong to Gothenburg = 0.0000741 ton CO2e 

Hamburg to Gothenburg = 0.00002957 ton CO2e 

Within Sweden = 0.0000146 ton CO2e 
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Material 

category 

Free Shop Majorna Free Shop Högsbo 

Glass 3,265 = 110,4 * 0,00002957 1,845 = 62,4 * 0,00002957 

Paper and 

cardboard 

2,768 = 189,6 * 0,0000146 0,613 = 42 * 0,0000146 

Plastic 6,671 = 225,6 * 0,00002957 2,2 = 17,4 * 0,00002957 

Wood 8,270 = 111,6 * 0,0000741 2,401 = 32,4 * 0,0000741 

Textiles 94,344 = 1 273,2 * 0,0000741 31,3 = 422,4 * 0,0000741 

Electronics 

(Hazardous 

waste) 

3,244 = 109,7 * 0,00002957 3,797 = 128,4 * 0,00002957 

Summed 

together 

0,119 

 

0,04 

 

 

Equation 3. Ton CO2e/mode of transport/Free Shop = CO2eDistance *vMot 

CO2eDistance = ton CO2e/25 km 

vMoT = amount of visitors using the mode of transport 

 

Mode of 

transport 

 

Car 2,506 = 0,00762 * 329  

Buss 0,135 = 0,00269 * 50 

Feet 0 = 0 * 21 

Bike 0 = 0 * 12 

 

Equation 4.  Ton CO2e per Free Shop/year = CO2eCar + CO2eBus 

CO2eCar = total ton CO2e generated by car 

CO2eBus = total ton CO2e generated by bus 

 

2,642 = 2,506 + 0,135 

 

 

Equation 5. Mean ton CO2e per visitor = ton CO2e by ten visitors/10 

Total ton CO2e per Free Shop/year = Mean ton CO2e per visitor * visitors/year 

 

0,00076 = 0,0076/10 

 

0,632= 0,00076 * 832 
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Equation 6. kWh per Free Shop/year = kWh/m2 * m2 

 

Free Shop Majorna Free Shop Högsbo 

3760,04  = 134 * 28,06 2523,22 = 134 * 18,83 

 

Equation 7. Ton CO2e/energy source/Free Shop = (EsH * kWhFS) * CO2ekWhEs 

EsH = Percent of energy source used for heating 

kWhFS = total kWh used per Free Shop/year 

CO23kWhEs = ton CO2e/kWh generated by energy source 

 

Energy source Free Shop Majorna Free Shop Högsbo 

District heating 0,253 = (0,76 * 3760) * 

0,0000886 

0,170 = (0,76 * 2523) * 

0,0000886 

Electric heating 0,059 = (0,16*3760)*0,0000973 0,039 = 

(0,16*2523)*0,0000973 

Biomass fuel 0,043 = (0,04*3760)*0,000288 0,029 = 

(0,04*2523)*0,000288 

Oil 0,006 = (0,02*3760)*0,0000792 0,004 = 

(0,02*2523)*0,0000792 

Natural gas 0,001 = (0,02*3760)*0,0000187 0,001 = 

(0,02*2523)*0,0000187 

Summed together 0,362 0,243 

 

Equation 8. kWh/year = (kWh * h/week used) * 52 weeks 

 

Free Shop Majorna Free Shop Högsbo 

0,728 = (0,007 * 2) *52 0,364 = (0,007 * 1) *52 

 

0,728 kWh/year = 0.0000816 ton CO2e 

0,364 kWh/year = 0.0000408 ton CO2e 

 

Equation 9. Ton CO2e per Free Shop/year = PW + TPS + TS + TF+ EF 

PW = ton CO2e generated from production and waste management 

TPS = ton CO2e generated from transport between production site and conventional store. 

TS = ton CO2e generated from transport to and from conventional store 

TF = ton CO2e generated from transport to and from Free Shop 

EF = ton CO2e generated from operation of Free Shop 

 

Free Shop Majorna 

39,546 

= 35,791+0,119+2,642+0,632+0,363 
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Free Shop Högsbo 

17,045 

= 13,487+0,040 +2,642+0,632+0,243 

 

 

Equation 10. Total ton CO2e per Free Shop/year = ((PW + TPS + TS) – ((PW + TPS + TS) * 

0.4)) + (TF + EF) 

PW = ton CO2e generated from production and waste management 

TPS = ton CO2e generated from transport between production site and conventional store. 

TS = ton CO2e generated from transport to and from conventional store 

TF = ton CO2e generated from transport to and from Free Shop 

EF = ton CO2e generated from operation of Free Shop  

 

Free Shop Majorna 

24,126 = 

((35,791+0,119+2,642)- ((35,791+0,119+2,642)*0,4))+(0,632+0,363) 

 

Free Shop Högsbo 

10,577 =  

((13,487+0,040+2,642)-((13,487+0,040+2,642)*0,4))+(0,632+0,243)  

 

 

Equation 11. Ton Co2e for baseline scenario = PW + TPS + TS 

PW = ton CO2e generated from production and waste management 

TPS = ton CO2e generated from transport between production site and conventional store. 

TS = ton CO2e generated from transport to and from conventional store 

 

Free Shop Majorna 

38,552  = 35,791+0,119+2,642 

 

Free Shop Högsbo 

16,169  = 13,487+0,040+2,642 

 

Equation 12. Ton CO2e avoided/Free Shop = ton CO2e BL – ton CO2eFS 

Ton CO2e BL = ton CO2e generated by baseline scenario 

Ton CO2e FS = ton CO2e generated by Free Shop system 

 

Free Shop Majorna 

14,426  = 38,552 – 24,126 

 

Free Shop Högsbo 
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5,592 = 16,169 – 10,577 

 

Equation 13. Mean ton CO2e avoided per Free Shop/year = (FM+FH)/2 

FM = Avoided amount of ton CO2e by Free Shop Majorna 

FH = Avoided amount of ton CO2e by Free Shop Högsbo 

 

10,009  = (14,426 + 5,592)/2 

 

 

SENSITIVITY ANALYSIS 

Free Shop Majorna 

 

40 percent  

24,126 = 

((35,791+0,119+2,642)- ((35,791+0,119+2,642)*0,4))+(0,632+0,363) 

14,426  = 38,552 – 24,126 

 

20 percent 

31,836 = 

((35,791+0,119+2,642)- ((35,791+0,119+2,642)*0,2))+(0,632+0,363) 

6,716  = 38,552 – 31,836 

 

60 percent 

16,415 = 

((35,791+0,119+2,642)- ((35,791+0,119+2,642)*0,6))+(0,632+0,363) 

22,137  = 38,552 – 16,415 

 

100 percent 

0,995 = 

((35,791+0,119+2,642)- ((35,791+0,119+2,642)*1))+(0,632+0,363) 

37,557  = 38,552 – 0,995 

 

 

Free Shop Högsbo 

 

40 percent 

10,577 =  

((13,487+0,040+2,642)-((13,487+0,040+2,642)*0,4))+(0,632+0,243) 

5,592 = 16,169 – 10,577 
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20 percent 

13,811 =  

((13,487+0,040+2,642)-((13,487+0,040+2,642)*0,2))+(0,632+0,243) 

2,359 = 16,169 – 13,811 

 

60 percent 

7,343 =  

((13,487+0,040+2,642)-((13,487+0,040+2,642)*0,6))+(0,632+0,243) 

8,826 = 16,169 – 7,343 

 

100 percent 

0,875 =  

((13,487+0,040+2,642)-(( 13,487+0,040+2,642)*1))+(0,632+0,243) 

15,294 = 16,169 – 0,875 

 

 


