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Abstract 

 

Previous research on meal kits suggests they have lower environmental impacts 
than groceries, while notably the packaging is a significant contributor in the case 
of meal kits. To counter this, there has been a call for more environmental 
assessments of possible changes to meal kit packaging. 

This cradle-to-grave life-cycle assessment (LCA) evaluates the impacts of plastic 
packaging in Icelandic meal kits. It explores whether they can be mitigated 
through reusable packaging and increased recycling and incineration of plastic. 

The results suggest that reusable packaging can drastically mitigate the 
environmental impact, with the most critical mitigation being on climate change 
impact and the depletion of fossil fuels. More material recycling improves the 
environmental impact to a lesser degree. Incineration provides no mitigation of 
climate change impact while decreasing slightly fossil depletion, as plastic replaces 
less polluting wood incineration. 

The study is the first LCA on meal kit packaging to consider the whole life-cycle 
from cradle to grave. It represents an addition to the wider literature on the 
environmental implications of reusable packaging. It will hopefully add to our 
understanding of the contexts in which these are preferable to single-use 
packaging. Furthermore, it is hoped that more research on meal kits and the 
environment will create a knowledge base on the best practices for designing meal 
kit services in an eco-friendly way. 

  



 

Útdráttur 

 

Fyrri rannsóknir gefa til kynna mildari umhverfisáhrif af matarpökkum en 
sambærilegum mat úr matvöruverslun. En þó eru pakkningarnar áberandi stór 
hluti umhverfisáhrifanna í tilfelli matarpakka. Af þeim sökum hefur verið kallað 
eftir frekari rannsóknum á leiðum til að minnka umhverfisáhrif pakkninganna. 

Í þessari vistferilsgreiningu eru könnuð umhverfisáhrif plastpakkninga í 
matarpökkum á Íslandi frá hráefnavinnslu til sorpvinnslu, og hvort 
endurnotanlegar umbúðir, aukin sorpbrennsla og aukin endurvinnsla skili mildari 
umhverfisáhrifum. 

Niðurstöður gefa til kynna að endurnotanlegar umbúðir minnki umhverfisáhrifin 
talsvert, og ber þar helst að nefna áhrif á hamfarahlýnun og 
jarðefnaeldsneytisþurrð. Meiri endurvinnsla minnkar umhverfisáhrifin í minni 
mæli. Meiri sorpbrennsla minnkar jarðefnaeldsneytisþurrð lítillega en minnkar 
ekki áhrif á hamfarahlýnun, því brennsla á plasti kemur í stað minna mengandi 
brennslu á skógarafurðum. 

Vistferilsgreiningin er sú fyrsta sem skoðar pakkningar í matarpökkum frá 
hráefnavinnslu til sorpvinnslu. Hún er innlegg í lengri rannsóknarhefð á 
umhverfisáhrifum endurnotanlegra pakkninga og mun vonandi reynast mikilvæg í 
að greina undir hvaða kringumstæðum þær eru betri en einnota pakkningar. 
Jafnframt er vonast til að fleiri og fjölbreyttari rannsóknir á umhverfisáhrifum 
matarpakka muni leiða til betri þekkingargrunns um hvernig hægt er að hanna 
þjónustuna á vistvænni hátt. 
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1 Introduction 

 

A meal kit is a kit consisting of a recipe for a meal and all the ingredients required, 
in the amounts needed for the meal. Meal kit business models can either be based 
around home delivery, or on customers picking up kits at a local distribution hub, 
such as a local store, with some companies implementing both strategies. This 
thesis focuses on the former strategy. The first company to offer meal kits in 
Iceland was Eldum Rétt, founded in 2013 (Stefán Ó. Jónsson, 2017). Since 2017, a 
number of competitors have entered the market, including Matarboxið (Baldur 
Guðmundsson, 2017) and Einn, Tveir og Elda (Daníel Freyr Birkisson, 2018), 
which provide home delivered meal kits like Eldum Rétt, while the supermarkets 
Bónus and Hagkaup have meal kits under the brand name 20 30 on their shelves. 
The business model originated (to the authors best knowledge) with Middagsfrid, 
which started delivering meal kits in Stockholm in the fall of 2007 (Hebelius 
Svahn, 2008; Middagsfrid, n.d.). 

One of the claimed benefits of meal kits is reduction of food waste (Einn, Tveir og 
Elda, n.d.; Eldum Rétt, n.d.) which a prior study suggests is correct (Fenton, 2017). 
As no food is brought to the home in a larger quantity than is needed for the meal 
there is less risk of something being wasted. Other benefits are reduced time used 
for grocery shopping and cooking, and making cooking both more fun and easier 
for those who lack ideas in the kitchen or who simply dislike cooking. 

Meal kits need more packaging than conventional groceries. They tend to have 
each ingredient individually packaged in plastic and the kits usually come in 
cardboard boxes for easy stackability (Bredehoft, 2016; Fenton, 2017). The home-
delivered meal kits in Iceland use comparable plastic packaging, i.e. plastic bags to 
group together ingredients for each meal (as each kit consists of more than one 
meal), plastic bags for most individual ingredients, including for each spice blend, 
and small plastic containers for liquid ingredients. Meat and fish are sometimes in 
original packaging analogous to grocery store packaging, and are not stored in the 
plastic bags which distinguish different meals. Home delivered meal kits can 
require ice packs (alternative terms from the literature include gel pack, refrigerant 
pack and cool pouch) and heat insulators. This is because they might have to 
withstand lack of refrigeration for hours during transport to customers’ houses and 
while sitting on a customer’s doorstep. Contrary to the convention abroad, besides 
an ice pack the only heat insulator in the Icelandic kits is the cardboard box. 
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1.1 Objective and research questions 

The aim of this research is to refine ways to mitigate negative environmental 
impacts of meal kits, particularly the climate change impact. Mitigating Iceland’s 
climate change impact is one of the government’s main goals in environmental 
issues (Ríkisstjórn Íslands, 2017). Another important issue is to find ways to 
reduce use of plastic due to its reliance on fossil fuels and its contribution to 
marine litter. Previous research suggests that packaging is an important 
contributor to the climate change impact of meal kits and that in most cases the 
environmental impact of the packaging can be improved. Therefore, this research 
aims to  

• elucidate the environmental impacts of single-use plastic packaging in meal 

kits, and whether the following changes improve those impacts: 

• replacing single-use packaging with a reusable packaging system, 

• increasing incineration of plastic packaging,  

• increasing material recycling of plastic packaging.    
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2 Literature review 

 

2.1 Delivery services and the environment 

The climate change impact of consumption can be decreased by replacing 
commuting with meal kits and other delivery services (Mangiaracina, Tumino, 
Marchet, & Perotti, 2015), particularly if the service1 is engineered with 
environmental effects in mind. A well-designed meal kit delivery route is likely to 
have lower fuel use than the combined trips to the grocery store of every person 
who orders a kit, both because the van drives fewer kilometers and because the 
driver is likely to fill up the vehicle completely, which decreases the amount of fuel 
used per t/km. As fewer kilometers are driven per delivery, one can argue that 
delivery services might decrease traffic in cities. 

Delivery services have the potential to decrease air pollution in cities, as fewer 
driven kilometers per meal can also result in lower fuel and tire use. A number of 
studies have shown that particle pollution (PM) is a risk factor for cardiovascular 
and respiratory diseases as well as increasing mortality (Kim, Kabir, & Kabir, 2015; 
Pelucchi et al., 2009). The European Environment Agency estimated that 60 
deaths in Iceland could be attributed to PM in 2015 (Guerreiro, Ortiz, Leeuw, 
Viana, & Colette, 2018), which is 2.75% of the 2178 individuals who died that year 
(Hagstofa Íslands, 2018).  

It should be noted though, that one should perhaps not be too optimistic for the 
environmental benefits of deliveries. Although delivery services might decrease 
impacts per product delivered, they do not necessarily decrease kilometers driven 
per person.  This is what is called the rebound effect (Gillingham, Rapson, & 
Wagner, 2015). As delivery services free up time otherwise spent on trips to the 
store, they can simply give consumers more time for activities that involve driving, 
which would counterweight the benefits of delivery. However, in general the 
rebound effect decreases gains in energy efficiency by 20-40%, with the strength 
varying on the context (Gillingham et al., 2015). 

2.2 Plastic packaging and the environment 

Plastic packaging is on average lighter than packaging made of other materials, 
arguably saving fuel during the transportation of goods (Marsh & Bugusu, 2007). 
Plastic packaging can also have combinations of qualities for which there are few 
alternatives, such as combining elasticity with protection against moisture, as in 

 

1 Specifically, the routes, choice of vehicle, tires, choice of geographic area for the service (with 

customer density in mind) and other facets of delivery service which can affect climate change 

impact and air pollution. 
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the case of plastic film. More importantly, novel types of plastic packaging have the 
potential to decrease food waste, increase food safety and maintain the quality of 
food for a longer time. These involve technologies like active packaging, which 
prevents spoilage by leaching chemicals into or absorbing chemicals from the air, 
either inside or outside the packaging (Ahmed et al., 2017; Zhang, Hortal, Dobon, 
Bermudez, & Lara-Lledo, 2015). 

2.2.1 Plastic and fossil depletion 

Plastic production is heavily reliant on fossil resources. This is meant in the sense 
that plastic is usually made out of oil, gas and coal, but also in the sense that the 
energy needed to produce plastic and maintain the infrastructures of the world’s 
plastic market, such as transport and the building of plastic factories, is to a large 
extent reliant on fossil energy. Plastics Europe estimate that 348 million tons of 
plastic were produced in 2017 (2018a) while European Bioplastics estimate that 2 
million tons of bioplastics, including plastics partially made from fossil resources 
and biodegradable plastic made exclusively from fossils, were produced in the 
same year (2018). These numbers give an idea about the extent to which plastic 
production is reliant on fossil resources. Decreasing reliance on fossil resources is 
a way to limit environmental problems such as climate change and particle 
pollution, but is also a way to preserve limited resources for uses where they are, or 
will be in the future, indispensable, and to maximize the efficiency of their use. 

2.2.2 Climate change effects of plastic 

The climate change effects of plastic are estimated to be less than 5% of global 
CO2e emissions, with a recent analysis estimating them to be 3.8% of total 
emissions in 2015 (Zheng & Suh, 2019) while an older estimate assumed 1% in 
2014 (Ellen MacArthur Foundation, 2017). Both agree though that 15% of CO2e 
emissions in 2050 will be due to plastic life-cycles. These estimates do not consider 
emissions that were prevented, such as by replacing heavier materials with plastic 
and by using plastic packaging to prevent spoilage of food. 

2.2.3 Plastic pollution in oceans 

Aside from the contribution of plastics to climate change, resource exhaustion and 
other metrics measurable in a life-cycle impact assessment, there is reason to 
minimize plastic packaging due to its impact on the oceans. As of yet, methods for 
quantifying the impact of plastic waste on oceanic wildlife have not made their way 
into life-cycle impact assessment toolkits. Plastic packaging is arguably the main 
contributor to marine plastic pollution coming from Europe, since packaging is the 
most common use of plastic manufactured in the continent. The recycling rate for 
plastic packaging is higher than that for other plastics, but the difference is still so 
small that plastic packaging is the most landfilled plastic (Plastics Europe, 2018b). 
It is estimated that 4.8-12.7 MT of the 99.5 MT of plastic waste generated in the 
world’s coastal regions in 2010 ended up in the oceans (Jambeck et al., 2015). By 
2050, all the plastic in the ocean is expected to weight more than the fish in the 
ocean in a business-as-usual scenario (Ellen MacArthur Foundation, 2017). Larger 
marine animals regularly get stuck in plastic waste or die of starvation from 
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ingesting it. Adverse effects of marine waste, both plastic and non-plastic, have 
been recorded for all species of marine turtles and the majority of whale, seabird 
and seal species (Kühn, Rebolledo, & Franeker, 2015). Studies have shown that 
microplastics are damaging to oceanic wildlife, although adverse effects have only 
been shown for microplastic concentrations which are beyond microplastic 
pollution levels measured in nature (Burns & Boxall, 2018; Science Advice for 
Policy by European Academies, 2019). However, due to the precautionary 
principle, there is reason to design measures to prevent micro- and nanoplastic 
pollution in the oceans. 

2.2.4 Problems with plastic recycling 

The more mixed the plastic waste is, i.e. the more variance in the types and 
condition of the waste, the more limited are the recycling options, while it also 
becomes more complex, work- and energy intensive to make the waste recyclable 
(Rajendran, Hodzic, Soutis, & Al-Maadeed, 2012; Vilaplana & Karlsson, 2008). 
Plastic objects which are small in size, contaminated with food or of rare plastic 
types often do not get recycled, instead being sent to incineration. In general, the 
quality of plastic deteriorates when it is recycled, which limits the number of times 
it can be recycled into usable products. This means that it is potential uses are 
more limited than those of virgin plastic (Ellen MacArthur Foundation, 2017). 

2.3 Icelandic research context 

Meal kits in Iceland have previously been the subject of market research done for a 
bachelor thesis (Eydís Sigrún Jónsdóttir, 2018). A handful of Icelandic studies 
have been carried out on packaging and the environment. Recent LCAs have 
delved into how the environmental impact of transport packaging for fish can be 
improved (Njathi, 2019) and the possibility of using domestic plastic waste 
(predominantly packaging waste) in asphalt for roads (Guðrún Fjóla 
Guðmundsdóttir, 2018). Njathi’s research provided insight into how stackability of 
reusable packaging can change environmental impacts of transport. Further in the 
past, an LCA of plastic packaging waste was published in 2006 (Helga J. 
Bjarnadóttir & Þröstur Grétarsson, 2006). Except for Njathi’s research, Icelandic 
LCAs of food have excluded packaging. 

2.4 Environmental impacts of meal kits 

Four LCAs have been published in the past on meal kits. Due to their paucity, lack 
of consensus between them and disparate quality they can at best guide the way for 
future research, but it is too soon to make a general verdict on the environmental 
impact of meal kits based on the studies available. However, reviews of broader 
environmental assessments give an idea of how different aspects of meal kit life-
cycles might affect their environmental performance. 

Three LCA comparisons of meal kits and groceries have been published, together 
with one study combining a partial LCA with materials science methodology. The 
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latter study evaluated the applicability of different bioplastic packaging for bakery 
products, herbs and spices in meal kits. The biobased plastics evaluated had 
different strengths in comparison to fossil-based plastics, with bio-PE 
(polyethylene) faring best of the bioplastics on the different metrics. Bioplastics 
were in general deemed less suitable for ensuring the freshness of the food, but the 
production of the bioplastics had a lower GWP for all types, except cellulose. From 
a waste treatment perspective the bioplastics were problematic in a European 
context, as only France has the infrastructure to compost them (Stolberg, 2019). 
These findings are in line with Heard et al., who found that changing meal kit 
packaging to bioplastics does not improve the GWP of meal kits (2019). 

Comparisons of meal kits and groceries in the US suggest lower GHG emissions for 
meal kits. Fenton found a 4% reduction of emissions (2017) while Heard et al. 
found an average reduction of 25%, with emissions depending on type of meal 
(2019). The results are mixed in regard to energy use, with Gee finding groceries to 
be more energy efficient (2019) while Fenton’s results leaned in the favor of meal 
kits (2017). 

All three meal kit/grocery comparisons modeled the life-cycles from the 
agricultural stage: the studies by Fenton and Heard et al’s studies included waste 
treatment while the model used by Gee et al. ended when the food enters the 
customer’s home. The latter study also differed in the respect that it modeled 
differences in agricultural production and upstream transportation in the meal kit 
and grocery life-cycles, while the other two studies assumed these stages were 
identical for both scenarios. 

One of the claimed benefits of meal kits when compared to meals cooked from 
grocery shopped ingredients is less food waste (Einn, Tveir og Elda, n.d.; Eldum 
Rétt, n.d.). Fenton’s study, discussed in the paragraph above, suggests that food 
waste in the home stemming from cooked meals is reduced by 27% by using meal 
kits (2017). 

All three comparisons with groceries found emissions relating to meal kit 
packaging to be important (Fenton, 2017; Gee et al., 2019; Heard et al., 2019). 
Fenton’s study found the highest GHG emitter in the life-cycle to be the product’s 
packaging, which contributed 50% (2017) while the study by Heard et al. found 
that an average of 7% of the emissions stems from the packaging, whereas the 
biggest contributor was the food, which contributes 59% (2019). Gee et al. found 
that packaging was the main contributor to energy consumption in the meal kit 
life-cycle (2019) which fits with the energy consumption analysis in Fenton’s study 
(2017). 

This suggests that strategies for mitigating the environmental impact of meal kits 
should focus on reducing the impact of the packaging or the food. This should be 
done in a way which does not increase food waste and it is embedded 
environmental impacts, as the general trend in food packaging LCA’s is that 
preventing food waste tends to make a greater dent into environmental impacts 
than preventing the impacts stemming from the packaging itself (Licciardello, 
2017; Vignali, 2015). Arguably, the meal kit companies in Iceland are already 
offering solutions that reduce the climate change impact of the food itself by 
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offering vegan meals, which reviews of previous studies have shown to have on 
average a lower climate change impact than meals based on animal products 
(Clune, Crossin, & Verghese, 2017; Hallström, Carlsson-Kanyama, & Börjesson, 
2015). Likewise, the research by Heard et al. suggests that the type of meals picked 
by customers for their meal kit can significantly alter the GHG impact (2019). 81% 
of Icelanders eat vegan meals seldom or never (MMR, 2019). Therefore, a system 
change involving packaging is seemingly more likely to be accepted by consumers 
than a change in the types of meals on offer.  

In addition to environmental impact assessments, studies in packaging design 
have explored ways to make meal kits eco-friendlier. Bredehoft recommended 
using biobased heat insulators due to their biodegradability, with sheep wool 
considered the best option due to its heat insulation properties being superior to 
the other materials (2016). For more general purposes, a heat insulator for food 
delivery was designed out of chicken feathers. The raw material was found to have 
heat insulating properties comparable to EPS (expanded polystyrene, styrofoam in 
everyday language) (Dieckmann, Nagy, Yiakoumetti, Sheldrick, & Cheeseman, 
2019). In an attempt to reduce plastic waste, Guardiola Ramírez designed a paper 
insulated ice pack for meal kits which he weighted against PET and PLA insulated 
packs (Guardiola Ramírez, 2019), the result being that paper is a promising 
alternative due to its recyclability. The study did not consider, though, whether the 
cooling gel would degrade the recyclability of the insulating materials or whether 
customers of meal kit companies generally recycle the ice packs. 

2.5 System change possibilities 

2.5.1 Reasoning for choice of system change 

No judgements were made in the previous meal-kit LCAs on which parts of the 
packaging had the biggest environmental impacts. The choice for this thesis is to 
focus on the plastic part of the packaging due to its special environmental impacts. 
For this thesis, plastic packaging was picked over other materials primarily due to 
its light weight, its suitability for reusable packaging systems, such as its suitability 
for dishwashers, its strength and because few materials can replace it for bags. The 
reusability factor was chosen because previous research has shown, that reusable 
packaging systems can have a lower environmental impact than single-use 
packaging. A review done by WRAP on studies prior to 2010 showed that results 
depended on the design of the reusable system (Wood & Sturges, 2010). A more 
recent comparison of compostable single-use bagasse containers and reusable PP 
containers indicated that the reusable containers have a lower climate change 
impact if they are used 15 times or more (Harnoto, 2013). Likewise, previous meal 
kit studies have pointed out this option to reduce meal kits’ environmental impact. 
Glass was ruled out because glass is more hazardous when it breaks, an important 
aspect when the packaging is transported and washed repeatedly. Likewise, a 
previous study suggested that reusable glass containers need to last 30-40% longer 
than plastic to have a lower climate change and fossil depletion impact (Gallego-
Schmid, Mendoza, & Azapagic, 2018). Aluminum packaging is also, at face value, 
unlikely to be a good substitute. It has a higher melting point than most plastics 
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besides being denser, which indicates that its production, transport and recycling 
consumes more energy. Therefore, it would be unlikely to have a lower 
environmental impact in a reusable system than plastic. Albeit a comparison of 
single-use aluminum and PP containers found the aluminum containers to have a 
lower impact in a number of categories, like fossil depletion and climate change 
(Gallego-Schmid, Mendoza, & Azapagic, 2019). The same study indicated that 
single-use EPS (Styrofoam) containers would be preferable to PP and aluminum in 
several categories but fared worse in comparison to reusable PP containers in most 
categories. Paper, wood and cardboard cannot be cleansed as easily of food 
residues which makes them less suitable for reusable packaging systems. 
Furthermore, an LCA comparing single-use cardboard and wood crates to reusable 
plastic crates for food found the reusable plastic containers to have the lowest 
climate change impact, with the single-use wooden boxes coming a close second 
(Accorsi, Cascini, Cholette, Manzini, & Mora, 2014). Bamboo however is a 
promising material for reusable food packaging as there are bamboo containers on 
the market now that are dishwasher safe, although those who sell bamboo 
kitchenware warn customers that they last longer if washed by hand (Bamboo 
Bamboo, n.d.; Bambu, n.d.). 

Furthermore, it is on the current Icelandic government’s agenda to reduce the use 
of single-use plastic (Ríkisstjórn Íslands, 2017). This agenda is in line with an older 
strategy against waste, which for example aims to work with producers and sellers 
on minimizing the generation of plastic packaging waste (Umhverfis- og 
auðlindaráðuneytið, 2016). This strategy might be partially replaced with a more 
specific strategy against plastic which is currently open for review by the public 
(Samráðsvettvangur um aðgerðaáætlun í plastmálefnum, 2018). 

This thesis tests how changes in the waste management system in Iceland might 
affect the life-cycle. Although previous research on meal kits has suggested that 
changes to packaging’s end-of-life has little changes on impact (Heard et al., 2019), 
more general studies on reusable packaging have shown this factor to be critical 
enough to be worth investigating. 

These alternatives to the baseline scenario are in line with circular economy ideas, 
which have been proposed to mitigate environmental problems. The circular 
economy is an economic system where resources are reused continually within the 
technosphere (human societies) as much as possible and where resources taken 
from the ecosphere (nature) do not exceed resources returned to the ecosphere 
(Murray, Skene, & Haynes, 2017). In the last decade the circular economy has been 
championed by the research output of the Ellen MacArthur Foundation. The 
system changes explored in this thesis are derived from circular economy 
solutions, both in terms of the use of reusable packaging and the increase in 
incineration and material recycling. These changes increase the recyclability of the 
system’s waste and decrease the system’s reliance on fossil fuels extracted from the 
ecosphere. The environmental benefits of increased recycling vary on the collection 
system and the energy used during the recycling. Circular economy ideas have not 
made their way directly into Icelandic policies although parts of the government’s 
environmental policies on plastic would if successful make the economy more 
circular (Ríkisstjórn Íslands, 2017; Samráðsvettvangur um aðgerðaáætlun í 
plastmálefnum, 2018; Umhverfis- og auðlindaráðuneytið, 2016). 
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The reusable packaging system assumes no changes to the home delivery method 
of the meal kit companies, so it assumes that the companies continue to deliver by 
van. However, studies suggest that a drone delivery system can have lower climate 
change impacts than truck or van delivery systems, although the drone delivery 
system would require a number of delivery hubs as the maximum range of the 
drones measured was 4 km (Figliozzi, 2018; Stolaroff et al., 2018). A more recent 
study suggested that the limited range of drones did not necessarily mean that the 
delivery hubs needed to be warehouses. An alternative would be a van driving from 
a warehouse with cargo and drones and parking in between customers’ homes. 
From there, the drones would deliver the cargo to their final destination 
(Dukkanci, Y. Kara, & Bektas, 2019). However, because drone delivery disturbs 
some bird species, this counters the possible reduction in climate change impact 
from drone delivery (Holldorf, 2018; Lyons et al., 2017). More research and future 
trends in drone use will ascertain whether it degrades their quality of life to an 
extent which makes the use of drones ill advisable. 

2.5.2 System change design 

If designed properly, a system for reusing plastic packaging is a prospective way of 
reducing packaging’s contribution to meal kits’ environmental impact. A review of 
LCA comparisons of single-use and reusable packaging systems gave no conclusive 
answer on which system was preferable from this perspective (Wood & Sturges, 
2010). However, the review listed a few factors which could be decisive on which 
system is better in each case: 

• Raw materials and energy used in manufacture of packaging 

• Trip rates for reusables 

• Transportation distances 

• Pool size for reusables2 

• Vehicle utilization 

• Recycled content and post-consumer recycling of packaging 

The studies reviewed indicated that reusables could be preferable for the 
operations of the meal kit companies in Iceland’s Capital region (the Capital region 
refers to the municipalities of Reykjavík, Mosfellsbær, Seltjarnarnes, Kópavogur, 
Garðabær and Hafnarfjörður, which form a continuous urban area) as the 
distances crossed are measured in tens of kilometers, whereas single-use 
packaging is preferable when crossing hundreds of kilometers (no return trip 
emissions in single-use life-cycles). This effect might be diminished though if the 
other factors lean in favor of single-use packaging. 

 

2 The number of pieces of reusable packaging (i.e. reusable plastic containers) needed so that the 

consumer always has packaging on hand when s/he goes shopping. 
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In single-use plastic packaging systems based in Reykjavík, the packaging enters 
either the mixed plastic stream or the mixed domestic waste stream to Sorpa, the 
main waste management company, after the customers of the meal kit companies 
dispose of the packaging. This means that the packaging either gets landfilled or 
ends up in a stream of plastic where it is largely incinerated in Sweden for energy 
recovery instead of material recycling. While under better market conditions more 
of the plastic would undergo material recycling, with some being discarded due to 
small size or food contamination (Ellen MacArthur Foundation, 2017). In a 
reusable packaging system, the meal kit company slowly accumulates plastic 
packaging which has been rendered unusable and can send a uniform mix of 
plastic for recycling. This increases their possibilities of limiting their waste 
treatment costs and even their chances of selling plastic because the plastic needs 
less sorting. Likewise, the possible uses for the recycled plastic increase. 

To wrap up, previous research suggests that strategies for lowering the 
environmental impact of meal kits should focus on the packaging but without 
increasing food waste. Reducing the impacts of plastic packaging is a feasible way 
to do that due to its impact on oceanic wildlife, climate change and other 
environmental issues. A reusable packaging system can lower the environmental 
impact of plastic packaging, particularly in the operations of meal kit companies in 
Iceland’s capital region, but the system’s design has to consider the manufacturing, 
durability and the packaging’s use of space for a net mitigation of environmental 
impacts. Likewise, research on reusable packaging systems has shown the end of 
life of the packaging to be important. For these reasons, this thesis assesses 
whether a change to reusable packaging, increased incineration and material 
recycling of the packaging mitigates the impact of the packaging. 
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3 Methodology 

 

3.1 Life-cycle assessment 

LCA is a method to quantify environmental impacts of a process. This process is 
usually a product or a service with a specific function, but sometimes LCAs are 
done on materials with a wide range of uses, such as coal or citric acid. 
Consequential LCAs use hypothetical changes to a process to assess whether a 
change can be made towards lower environmental impact. They aim to guide 
decisions on how to make a product or service more environmentally friendly. In 
the case of this thesis, the hypothetical changes consist of replacing single-use 
packaging with a reusable packaging system, and possible changes in the plastic 
waste treatment system of Iceland’s Capital region. 

It should be stressed that although LCAs can shed light on a wide range of 
environmental impacts they miss impacts that are not easily quantified or which 
have not been developed into LCIA methods. Examples relevant to this thesis 
include effects of plastic litter on oceans and other ecosystems along with several 
highly specific environmental effects of logging which are detailed by Ranius et al. 
(2018). 

LCAs model interactions between the ecosphere (nature) and the technosphere 
(human societies), and also between different parts of the technosphere. These 
interactions are compiled in the form of measurable flows. Examples are kg of 
minerals extracted from the ground, hectares of land broken up for agriculture, 
liters of waste water emitted into rivers or grams of GHG emitted into the air. 

LCAs should follow an iterative approach where the following broad steps are 
repeated in a cycle until an adequate level of precision in findings is reached: 

1. Goal and scope definition, 

2. Compilation of life-cycle inventory (LCI), 

3. Life-cycle impact assessment (LCIA), 

4. Evaluation (European Commission, 2010). 

Figure 3.1 shows a more detailed schematic of the iterative approach to LCA. 
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Figure 3.1 The iterative approach to LCA (European Commission, 2010, p. 27). 

This thesis was done in accordance with the European Commission’s General 
Guide for Life Cycle Assessment (2010) with supportive information from the Life 
Cycle Assessment Student Handbook (Curran, 2015). The European Commission’s 
General Guide… elaborates on the ISO standards on life-cycle assessment, ISO 
14040/44 and gives more detailed provisions on how an LCA should be conducted. 
More specific aspects of the study were guided by other manuals as detailed in the 
following sections. 

3.2 System function and functional unit 

The function of the packaging studied is to keep a certain mass or volume of food 
intact and fresh from the time it leaves the meal kit company until it is prepared by 
the customer, as well as to keep different foods in the meal kit separate. These 
qualities of the packaging ensure the safety of the food and customer satisfaction, 
as well as preventing food waste. 

Icelandic meal kit companies usually sell their service on a weekly basis, i.e. the 
customer buys one weeks worth of meals, which come in the form of three meals, 
each meal usually feeding two persons (Einn, Tveir og Elda, n.d.; Eldum Rétt, 
n.d.). The meals come in boxes where different ingredients are individually 
packaged, and each meal is grouped together in a plastic bag. The study focuses on 
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the containers and bags which on average make up the largest part of the total 
plastic packaging weight in each meal kit. Table 3.1 below lists the packaging used 
in the model and its characteristics. For the reusable packaging system, packaging 
with a comparable carrying capacity, shape and food storage properties is studied. 
The frost resistance of the packaging found in Icelandic meal kits varies. Since the 
temperature in Reykjavík can go down to almost -20°C, the reusable packaging 
should use freezer friendly packaging. They should also have a shape which makes 
for easy cleaning and be dishwasher- or washing machine safe. 

Table 3.1 Typical packaging in in meal kits studied 

Packaging Material Weight 
(g) 

Avg. 
no. 
per 
meal 
kit 

Avg. 
total 
weight 
per 
meal 
kit (g) 

% of 
total 
weight 

Meal grouping 
bag1 

LDPE2 6.16 3 18.48 30.0% 

Rustling bag3 HDPE4 0.89 2.33 2.08 3.4% 

2 oz container PS5 / 
PET6 lid 

3.31 1 3.31 5.4% 

4 oz container PET 5.06 1.33 6.75 10.9% 

8 oz container PET 18.2 1 18.2 29.5% 

12 oz 
container 

PET 19.32 0.67 12.88 20.9% 

    
61.7 100.0% 

1 Plastic bag used to group together ingredients for each meal. 
2 Low-density polyethylene.  
3 A smaller plastic bag made from a material which makes a characteristic rustle when handled. 
4 High-density polyethylene. 
5 Polystyrene. 
6 Polyethylene terephthalate. 
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With these qualities in mind, the functional unit of the product system is: 

A set of food applicable packaging which can carry meal ingredients 
intact on the way from the meal kit company to the customers‘ door for 

a maximum of 12 hours. The set of packaging shall include: 

• 3 pieces of packaging which can collect 4 liters of food 

ingredients 

• 2.33 p. of packaging which can carry at least 0.8 liters of solid 

ingredients, no more than 1.6 liters 

• 0.67 p. of 350-400 ml packaging for liquid ingredients 

• 1 p. of 225-250 ml packaging for liquid ingredients 

• 1.33 p. of 100-125 ml packaging applicable for liquid, powders 

and solid ingredients 

• 1 p. of 50-100 ml packaging applicable for liquids, powders and 

solid ingredients 

The functional unit is based on the average volume, uses and plastic resins used in 
typical packaging for Icelandic meal kits in 2018. Packaging for meat and fish in 
the manufacturer’s original packaging is excluded. The containers used are non-
standardized, with the type of plastic in their packaging depending on the type of 
raw material used for the meal. Also, the meal kit companies have less control over 
which type of packaging is picked for these ingredients than they have over which 
packaging they choose for the spice blends and sauces they make, so any results 
regarding meat and fish packaging would be less likely to induce a change towards 
lower environmental impact. For these reasons, manufacturer’s original packaging 
for meat and fish are outside the scope of the study. 

3.3 Reference flow 

The reference flow in the baseline, incineration and material recycling scenarios is 
61.7 grams of plastic packaging, i.e. the same as the combined average weight of 
the plastic packaging. The reference flow is subdivided by the weight of the plastic 
resins, so that all emissions in the life-cycle are allocated between the resins in the 
different packaging. 

For the reusable packaging system, the reference flow is the mass of plastic needed 
for the different packaging types divided by 73.57, which is the number of times 
they are used, in total 3.57 grams of plastic per meal kit. 
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3.4 System boundaries 

The study is a cradle-to-grave consequential study. Most of the elemental flows, 
energy and materials in the life-cycle are modeled, as well as all emissions. For 
excluded parts of the life-cycle, see Chapter 3.4.8: Excluded processes and cut-off 
criteria. For a quick overview of where primary and secondary data were used, see 
Chapter 3.6.1 Data requirements, more detailed information is provided in Chapter 
4, Life-cycle inventory. Figure 3.2 shows the main processes which are modeled. 

 

Figure 3.2 Main processes in the life-cycle of the plastic packaging 
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3.4.1 Resource extraction phase 

Extraction and processing of natural resources used for the production of plastic 
are included in the study. This includes energy used in the process as well as waste 
and emissions into the ecosphere. The modelling of the resource extraction phase 
is based on data from ecoinvent. 

 

3.4.2 Production phase 

Materials and energy used for the production of the plastic, as well as all waste and 
emissions generated in the process, are modeled. The operation of the factory, 
such as running of machines, electricity, etc., is modeled, along with the transport 
packaging used when the finished product is sent to a supplier. Production phase 
of plastic is retrieved from the ecoinvent database. 

3.4.3 Supplier phases 

Transport to and from suppliers in Iceland is modeled on data from meal kit 
companies, suppliers, ecoinvent, and the distance calculation function on ja.is, 
which is an Icelandic telephone directory. Suppliers abroad are excluded. 

3.4.4 Meal kit company phase 

Transport operated by the meal kit company is modeled on ecoinvent data, prior 
studies, data from meal kit companies, meal kits ordered from meal kit companies 
and data from Reykjavík municipality. 

In the reusable scenario, washing of packaging is modeled on LCI data from older 
studies. 

3.4.5 Customers’ home phase 

Sorting of waste to different waste streams is modeled on data from Sorpa. 
Estimates of distances from customers homes to recycling centers is modeled on 
data from Sorpa and from ja.is, while estimate ratios of mode of travel to recycling 
centers are based on survey data. Emissions generated while driving to recycling 
centers is based on ecoinvent data. 

In the reusable scenario, water use for cleaning containers is based on LCI data 
from prior studies. 

3.4.6 End-of-life phase 

Figures for waste processing (whether recycling, landfilling or incineration), 
transport and emissions generated are modeled on data from waste-treatment 
companies, shipping companies, municipalities, official statistics, ecoinvent and 
older studies. 
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3.4.7 Transport phases 

All transport in the life-cycle is included. Energy, vehicle manufacture, road and 
port infrastructure and emissions generated during transport are modeled. The 
model c0mbines data from ecoinvent, GREET, online distance calculators, the 
Observatory of Economic Complexity and shipping companies. 

3.4.8 Excluded processes and cut-off-criteria 

The cut-off criteria of the study is 95%, which means that 95% of the total 
environmental impacts are modeled. Processes which are expected to have 
negligible effects on the environmental impacts are excluded. The following 
processes are excluded from the study: 

• Cleaning of buildings in which the packaging stops during its life-cycle 

• Construction and demolition of buildings 

• Repairs of machinery or buildings 

• Plastic collected in in a special bin in Kópavogur municipality 

• Waste bins and containers at recycling stations and neighborhood recycling 

points 

• All packaging film used in the life-cycle due to its low weight 

• Reuse of meal kit packaging in the customers home 

• Filler materials in plastic packaging, all plastic packaging in the life-cycle is 

assumed to be pure polymers 

• All resource consumption and emissions relating to suppliers warehouses, 

except transport to and from suppliers in Iceland 

• Baling wire for tying together cubes of waste 

• In the reusable scenario, detergent used in customers’ homes. 

3.5 Multifunctionality 

Some of the processes modeled in the study are multifunctional, meaning that they 
create multiple useful outputs. An example is the vehicles which transport meal 
kits to the consumers. Since the plastic packaging is not the only part of the meal 
kit, the emissions generated and the fuel consumed by the vehicle need to be 
somehow subdivided between the plastic packaging and the rest of the meal kit so 
that the environmental impact of the packaging is not overestimated.  
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Multifunctionality problems in the life-cycle modelling are addressed according to 
the provisions of the ILCD Handbook (European Commission, 2010), i.e. the 
choice of strategy is in this order: 

• Dividing processes into subprocesses 
An example of this strategy would be if multiple products are stored at a 
suppliers warehouse. If the plastic packaging studied is only kept in one part of 
the warehouse then data about the energy use in that part of the warehouse can 
be used, instead of dividing the total energy use of the warehouse by the weight 
or market price of all the products in the warehouse. 

• System expansion or substitution 
System expansion means to add something to a product system to ease 
comparison with another product system. An example would be if it turns out 
that one of the processes in the reusable packaging system generates a co-
product which is not part of the single-use system. In that case, a comparable 
co-product could be added to the single-use system to make comparison more 
realistic. Substitution is defined in the ILCD Handbook as “Solving 
multifunctionality of processes and products by expanding the system 
boundaries and substituting the not required function with an alternative way 
of providing it, i.e. the process(es) or product(s) that the not required function 
supersedes” (European Commission, 2010, p. 23). An example of this would be 
if recycled material was used in the production of the packaging. In that case, 
given that recycled material creates environmental benefits, the emissions, 
wastes and inputs involved in using non-recycled material could be subtracted 
from the process. 

• Allocation 
Allocation involves dividing the inputs, wastes and emissions of a process 
between the outputs. An example would be if fertilizer (input) used for growing 
wheat and the emissions created by its use is divided between the edible seeds 
and the burnable straw (outputs). Allocation should ideally be based on the 
physical process which created the outputs, such as the amount of elecricity 
that went into creating the different outputs. Otherwise it can be based on other 
physical properties such as mass, energy content or elementary content of the 
outputs. A last resort (which is however often used) is to allocate based on the 
market price of the outputs. Allocating on market price should be avoided for a 
number of reasons, for example because the efforts put into making a product 
more environmentally friendly can increase market price due to the costs 
involved. Another reason is that allocating on market price can render the LCA 
results obsolete if the price ratio between the products changes substantially. 
Allocation in this thesis is always based on the inputs which create each output. 
When an input creates many outputs, such as when electricity is used to grind 
many output waste types, the allocation is based on mass. 
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3.6 Data 

3.6.1 Data requirements 

The study intertwines primary data (data emanating directly from companies 
responsible for a part of the life-cycle, such as waste processing, transport or meal 
kit companies) and secondary data (generic data emanating from LCA data banks 
or older studies), as shown in  Table 3.2 below. More reliance is put on primary 
data when modeling processes distinct for the life-cycle studied, such as waste 
collection or meal kit companies in Iceland. 

 

Table 3.2 Data sources for system model 

 Primary data Secondary data 
Resource extraction  X 
Production  X 
Supplier abroad  X 
Transport abroad x X 
Supplier in Iceland x X 
Meal kit company 
Customers’ home 
End-of-life phase 
Transport in Iceland 

X 
X 
X 
x 

x 
x 
X 
X 

X=Most/all data from this source 
x=Minority of data from this source 

 

The primary source of secondary data is ecoinvent 3.5. The ecoinvent database 
includes process models fitting a variety of geographic contexts. However, in some 
cases the choice of background processes is modified to fit the geographical 
context better. For example, electricity inputs in the processes are chosen 
according to the country where the process takes place. Hence the electricity used 
in processes that take place in Iceland uses ecoinvent data for the electricity system 
in Iceland as an input. 

3.6.2 Data quality 

Data representative of the geographic area where a process is located is used 
whenever possible. In some cases data from similar geographic areas is used. 

Data describing the situation in 2017 or 2018 is used whenever possible while 
older data is used if it is likely to be to some extent representative of the current 
situation. Likewise, data representative of the current technological level is used 
whenever possible. 

When data is used which is not completely representative of the geographic area, 
time period or current technological level it is disclosed in the Life-Cycle Inventory 
chapter. As a general note though, ecoinvent data is often based on older data 
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updated to fit the situation in the newest version. In the case of this study this 
means that the older data has been updated to fit the situation in 2018. ecoinvent 
data is also often modeled to fit generic geographic situations, for example 
production of a substance in Europe or outside Europe. Though for some things, 
like electricity and some types of waste, there are specific models for Iceland and 
Sweden which are the only countries that have to be specifically taken into mind in 
this study. 

3.7 Modelling and calculation of inventory and 

impacts 

The life-cycle models are made in OpenLCA version 1.8. Assumptions for the 
amount of inputs and outputs use high estimates unless when better data proves 
that a lower estimate is closer to the truth. 

3.8 Impact assessment 

The impact assessment is based on ILCD 2.0 2018 Midpoint. It includes the 
following impact categories: 

Table 3.3 Impact categories 

Climate change: 
Biogenic 

Climate change: Fossil Climate change: Land use 
and land use change 

Climate change: Total Freshwater and 
terrestrial acidification 

Freshwater ecotoxicity 

Freshwater 
eutrophication 

Marine eutrophication Terrestrial eutrophication 

Carcinogenic effects Ionizing radiation Non-carcinogenic effects 

Ozone layer depletion Photochemical ozone 
creation 

Respiratory effects, 
inorganics 

Resources: Dissipated 
water 

Resources: Fossils Resources: Land use 

Resources: Minerals 
and metals 

  

 

The impact assessment quantifies the environmental impacts of the life-cycle at 
the midpoint level, which means that the ultimate effects of the life-cycle on 
ecosystems, human health or available resources, what is called the endpoint level, 
are not collated in the final results. It was chosen to present results at the midpoint 
level because some of the impact categories are deemed unreliable at the endpoint 
level (Hauschild & Huijbregts, 2015) and because it is to some extent a value 
choice how these envir0nmental impacts are weighted at the endpoint level 
(Huijbregts et al., 2016). However, endpoint normalization was used to assess 
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which of these environmental impacts are likely to be most critical, as detailed at 
the end of this sub-chapter. 

ILCD 2018 incorporates data from IPCC‘s 2013 report in their model for climate 
change, the 2013 report giving the newest GWP factors. Plastic is projected to 
become a more important contributor to climate change on a global scale, both 
proportionally and in terms of gross emissions (Ellen MacArthur Foundation, 
2017; Zheng & Suh, 2019). Midpoint impact analysis of climate change is deemed 
reliable but endpoint impact analysis is less reliable. Endpoint analysis is less 
reliable in the sense that there are many processes involved and it is difficult to 
project holistically how and to what extent humans and ecosystems can adapt to 
climate change (Hauschild & Huijbregts, 2015). Options for modelling climate 
change impacts are based on 20, 100 or 500 years of impacts. 100 years are 
commonly chosen in LCA studies, so it was chosen for this study to ease 
comparison with other studies. 

Particle pollution is an important impact of energy production and transportation 
in the life-cycle model, and is a significant contributor to the risk of death in 
Iceland, with an estimated 2.75% of deaths in 2015 being caused by particle 
pollution (Guerreiro et al., 2018; Hagstofa Íslands, 2018)). Particle pollution is 
also a significant death risk in other urban areas around the world. ILCD 
distinguishes between impacts of particle pollution in areas of high and low-
population density, contrary to other broadly-scoped impact assessment methods 
available in openLCA like ReCiPe, Impact 2002+ and EPS. Modelling should 
distinguish between high- and low population density as particle pollution in 
densely populated areas has an impact on the health of more people than in 
sparsely populated areas (Hauschild & Huijbregts, 2015). ILCD deems particle 
pollution to be one of the most reliable categories of it is impact analysis which 
also furthered the case for choosing ILCD (European Commission, Joint Research 
Centre, Institute for Environment and Sustainability, 2012). 

Resource exhaustion was also deemed important as most plastic is made from 
non-renewable fossil reserves (European Bioplastics, 2018; Plastics Europe, 
2018a). ILCD addresses fossil depletion and was therefore deemed adequate for 
modelling the resource exhaustion impacts of plastic production. 

The calculation of biogenic climate change impact was modified in the case of 
burning wood to include biogenic carbon dioxide (CO2) released in the process. To 
ensure transparency, the biogenic climate change impact of burning wood is 
shown separately in all results of climate change impact calculations in the paper. 
The change was made because a substantial amount of CO2 is released during the 
burning of wood, yet is not taken into the calculation of climate change impact in 
ILCD 2.0. Hence there was a need for a realistic comparison with the climate 
change impact of plastic incineration. Due to lack of data there were no estimates 
made for other greenhouse gases of biogenic origin, so the only modeled gases are 
methane – which was already modeled in ILCD 2.0 – and CO2. Previous research 
had estimated the GWP of using wood as bioenergy, depending on rotation length 
(Guest, Cherubini, & Strømman, 2013). Rotation length means how many years 
pass from the point a forest starts growing until it has been cleared completely 
through logging. 



44 

The incinerated wood in the model is grown in Sweden. Estimates for rotation 
length in Sweden have been made based on conversations with people in the 
industry (Glöde, Hannerz, & Eriksson, 2003) and market analysis (Roberge et al., 
2016). It was decided to use a low estimate of 77-year rotation length which is 
based on a computer model of rotation length in Sweden (Roberge et al., 2018), 
and conventiently comes in the format of one average number instead of a range, 
or different estimates for different forest types.  According to Guest et al., (2013) a 
77-year rotation length gives 0.34 CO2 eq.. 

Normalization was done through ReCiPe Endpoint (H,A). The purpose of this was 
to determine which impact categories were most important and in need of further 
analysis in the results. This type of normalization takes what the designers of 
ReCiPe call the hierarchical perspective, which is “based on scientific consensus 
with regard to the time frame and plausibility of impact mechanisms” (Huijbregts 
et al., 2016, p. 17). Note that there are two other perspectives available: the 
individualist perspective, which bases on the short-term interests of humans, and 
the egalitarian perspective, which “is the most precautionary perspective” 
(Huijbregts et al., 2016, p. 18). 

Hotspot analysis was done according to the prescriptions in the European 
Commission’s (EC) Joint Research Centre’s (JRC) Guide for Interpreting Life-cycle 
Assessment Results (Zampori et al., 2016). Hotspot analysis refers to finding the 
parts of the life-cycle which contribute the most to environmental impacts. These 
parts can be life-cycle stages, processes or elementary flows. Hotspot analysis can 
guide the search for ways to decrease the impacts of the life-cycle, such as through 
scenario analysis. 

3.9 Scenario analysis 

The following scenario analyses were done as an attempt to find ways to improve 
the environmental impacts of the life-cycle: 

• Substition of single-use packaging with a reusable packaging system 

• Sending 50.11% of plastic to incineration in Sweden instead of 12.5% 

• Sending  25.06% of plastic to incineration and 25.06% to material recycling 

in Sweden. 

Chapter 6  gives further information on the design of the alternative scenarios and 
to what extent they improve the environmental impacts of the packaging. 
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4 Life-cycle inventory 

 

This chapter outlines the inventory for the baseline scenario. Any divergences in 
LCI data in alternative scenarios are disclosed in the scenario analysis chapters. All 
processes deriving from LCI databanks are from ecoinvent 3.5 unless stated 
otherwise. 

4.1 Resource extraction and plastic production 

Plastic production and resource extraction are modeled on data from ecoinvent, 
whose data mixes LCI data on different polymers from Plastics Europe (Boustead, 
2005a, 2005b) with data on energy systems, transport of different goods and 
production statistics across the world. 

Plastics can be mixed with filler materials. They can have a variety of functions, 
such as reducing production costs, dyeing, and protecting the plastic from heat or 
oxidative stress (Civancik-Uslu, Ferrer, Puig, & Fullana-i-Palmer, 2018). It was not 
known whether there were fillers in the plastic packaging modeled in this thesis. 
Therefore, it was assumed that the plastics were filler free although an educated 
guess on the types and amounts of fillers could have altered the results and 
perhaps made them more correct. To be fair, LCAs involving plastics generally do 
not consider fillers (Civancik-Uslu et al., 2018) and ecoinvent’s plastic production 
data, which comes close to being industry standard data for LCAs, does not include 
averages for fillers either. 

In the baseline, incineration and recycling scenarios, the modeled bags are made of 
LDPE and HDPE while the containers are mostly made of PET with a small 
amount of PS. It was assumed that all the bags were produced from LDPE while all 
the containers were produced from PET. 

4.2 Producers of packaging 

4.2.1 Plastic bags 

The LDPE is assumed to be formed into a bag through extrusion as described by 
Ruban in her observations of the manufacturing process in a Ukrainian plastic-bag 
factory, which the factory owners deemed to be the typical manufacturing process 
(Ruban, 2012). Other plastic bag LCAs have assumed the same manufacturing 
process (Greene, 2011; Mori, Drobnič, Gantar, & Sekavčnik, 2013) while blow 
moulding has also been assumed in an earlier study (Edwards & Meyhoff Fry, 
2011). The extrusion process is modeled on data from ecoinvent. 

For an estimate of the transport distance to Iceland it was assumed that the plastic 
bags were produced in China, as that is the largest manufacturer of plastic bags in 
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the world (Simoes, n.d.-d). More specifically, it was assumed that the bags were 
produced in the port of Guangzhou, which is a busy port in a large industrial area 
of China. From where they would be transported 18,137.3 km to Rotterdam 
(SeaRates, n.d.). From Rotterdam, they travel 2,237 km along the shipping routes 
of Eimskip’s ships (Eimskip, n.d.). 

4.2.2 Plastic containers 

The PET is assumed to be first extruded, in other words melted into a sheet. The 
next step is thermoforming it into the shape of a container (Lee, 2015). The 
thermoforming also involves calendering, which involves passing the plastic sheet 
between rolls at varying speeds and temperatures to give the surface of the 
containers a certain quality (British Plastics Foundation, n.d.). 

The extrusion, thermoforming and calendering are modeled on data from 
ecoinvent. 

To estimate transport distance to Iceland it was assumed that the containers were 
produced in China, which is the largest producer of PET in the world (Simoes, n.d.-
c). The US is however the largest producer of plastic containers in the world, with 
China ranking second by a close margin (Simoes, n.d.-a). Since China is the largest 
producer of PET it is assumed that the containers are produced there. Also, China 
is the largest exporter of plastic lids in the world (Simoes, n.d.-b). The distances 
are the same as for the plastic bags. 

4.3 Suppliers in Iceland 

From the port of Reykjavík, it is assumed that the packaging is driven 7.53 km in a 
lorry to the suppliers of packaging, which is the average distance from the port to 
three different plastic suppliers in the Capital region. 

Distances were calculated with the help of ja.is and the lorry model derived from 
ecoinvent data. 

For modeling of transport between the supplier and the meal kit company, it was 
assumed that the company was situated in Ásgarður in Garðabær municipality, 
which according to ja.is is a commercial area approximately midway between the 
two operating meal kit companies when driving between them. 

The packaging is assumed to be transported by a small van to the meal kit 
company. This is likely to be on a route with many stops, but for ease of modeling 
the supplier is assumed to make a roundtrip to deliver bags to the meal kit 
company. From the suppliers to the meal kit company the assumed distance was 
7.23 km which is the average distance from the suppliers to the headquarters of the 
meal kit company. 

 



47 

4.4 Meal kit company 

It is assumed that all meal kits are delivered to customers homes although one of 
the meal kit companies offers the option of having meal kits delivered to the 
neighborhoods’ sports club, and customers can also pick up the meal kit at the 
company’s headquarters. 

No primary data were available on km driven per delivery or fuel use. Making a 
good assumption on this is problematic because it depends on factors like 
customer density, driving speed and driving conditions. Basing assumed values on 
kilometers or fuel used per package on earlier studies or data from other delivery 
services can also plausibly skew results. Previous studies on delivery in cities might 
not be a good analogue for Reykjavík, which is characteristically thinly populated 
compared to other cities.  The road networks of cities also vary, with some having a 
square city plan while others have rhizome-like road networks. Kilometers per 
delivery can also vary between how well business is going for the companies and 
whether customers tend to live in densely or sparsely populated areas of the city. 

For making a best guess, the number of deliveries each week was calculated. In 
2016, Eldum Rétt’s revenue was570 million Icelandic krónas (ISK) (Haraldur 
Guðmundsson, 2017). The price of the cheapest meal kit at the time was assumed 
to have been 8000 ISK which is slightly below the price in March 2018, which was 
the price closest in time available. Based on this it was calculated that Eldum Rétt 
delivered 71.250 meal kits per year, or 1362 per week. According to the city plan of 
Reykjavík the total urban area of the municipalities in the capital is 103.72 km2 
(Björn Axelsson, 2014). This gives a customer density of 13.17 customers per km2. 
The formula is presented below: 

𝐴
𝐵

𝐶
𝐷

⁄

𝐸
 

Equation 4.1 Customer density of the Capital region’s urban area. Legend: 
A=Profit in 2016, B=Price of meal kit, C=Days in a leap year, D=Days in a week, 
E=Size of Capital region’s urban area. 

The next step was to find a model of delivery routes from the literature which 
approximately fitted the customer density. The study that was picked had a 
customer density of 12.14 (Siikavirta, Punakivi, Kärkkäinen, & Linnanen, 2002) 
which was deemed adequately close. The distance driven between customers in the 
study was 1.6 km, which was used as the distance between deliveries in this thesis. 
It should be noted though that the study is more than 15 years old, so there is a 
chance that a newer study would find a shorter distance between customers 
because of advances in routing technology since that time. 

The meal kit company was assumed to deliver meal kits to customers in a small 
commercial vehicle, which was modeled on ecoinvent data. Each meal kit was 
assumed to be 3.5 kg, based on an estimate from an employee of a meal kit 
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company (personal communication, 16th of May 2018). The t/km of each delivery 
were allocated between the packaging and the rest of the meal kit. 

4.5 Use phase 

4.5.1 Disposal of plastic waste 

After having used the meal kit, it is assumed that the customer sends it all to waste 
management, although it is possible s/he reuses all or some of the packaging. 
Table 4.1 shows data on what happened to domestic plastic packaging waste 
(excluding bottles) in the Capital region in 2017: 

Table 4.1 Domestic plastic packaging waste end-of-life, Capital region 2017 
(Gyða S. Björnsdóttir, 2018). 

EoL scenario Tons Percentage 
Landfilling 6228.076 87.5% 
Incineration 890 12.5% 

Plastic bin 261 3.67% 
Neighborhood recycling point [grenndargámur] 176 2.47% 
Recycling station [endurvinnslustöð] 441 6.2% 
Div. from mixed waste stream 12 0.17% 

 

It was assumed that the customer only takes the waste to recycling stations or 
neighborhood recycling points by car or walking as it is easier to carry large 
volumes of waste with these transport methods than by cycling or taking the bus. A 
person with no extra gear for transporting things on a bike can only carry what fits 
in a backpack, although some might choose to use a basket, bicycle panniers or an 
extra wagon fitted to the bike to carry things. Likewise, on the bus it is difficult to 
carry more than fits in your lap. 

Assumptions for ratios between trips by foot and car are based on a survey on trips 
in the Capital region in September 2018 (Bjarni Reynarsson, 2018). However, the 
ratio is modified so that the number of trips by foot are halved for recycling 
stations as they are within walking distance for fewer people, while trips by foot 
are doubled for neighborhood recycling points as they are more likely to be close to 
a person’s home. Table 4.2 below shows the ratios for walking and driving to 
recycling stations and neighborhood recycling points. 
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Table 4.2 Ratios between trips walked and driven to recycling centers. 

 Car Pedestrian 
Neighborhood recycling point 86.85% 13.15% 
Recycling station 96.71% 3.29% 
Original survey data (Bjarni Reynarsson, 2018)1 81% 5.7% 
1Percentages for other types of transport are found in the original survey. The percentages 
for car published here are for “driver of car” and “passenger of car” combined. 

 

The length of trips with plastic waste to recycling stations was estimated by taking 
an average of distances between them and dividing by two to approximate a high 
estimate, as can be seen in the formula below. Only the distances from a given 
recycling center to the nearest ones were used in the calculation, which was done 
with the help of ja.is. The average distance from homes to recycling stations was 
found to be 4.47 km. 

(∑
(∑ 𝐴) 𝐵⁄

2
) 𝐶 = 𝐷⁄  

Equation 4.2 Distance from customer’s home to nearest recycling station. 

Legend: A=All distances to nearby recycling stations, B=Number of nearby recycling 
stations, C=Total number of recycling stations in Capital region, D=Distance from 
customer’s home to nearest recycling station. 

Modelling of distances to neighborhood recycling points followed the same 
formula. However, as there were so many neighborhood recycling points it was 
decided to calculate distances for one neighborhood at a time, alternating between 
adding neighborhoods with sparsely spaced and densely spaced recycling points 
into the equation until the change in average distance with each added 
neighborhood was less than 100 meters, with the final distance being 0.76 km. 

An ecoinvent process for passenger cars was used to model the trips by car. The 
process used km as a reference flow instead of t/km, the latter being conventional 
for models of transport. For this reason, the distance was divided by 100 to so that 
the single car trip to the recycling station would not just be attributed to the meal 
kit packaging as arguably more plastic waste would be taken along on the trip. This 
is not necessary for ecoinvent processes which use t/km as reference flow, as they 
divide the emissions of the transport by weight and distance. 

4.6 End-of-life 

4.6.1 Collection of waste from bins in homes in the Capital 

region 

The following paragraphs detail how the waste collection in the Capital region was 
modeled. The waste from the municipalities ends up being driven to the capital’s 
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main waste treatment facility in Gufunes for further processing. The waste 
treatment facility is run by Sorpa, a waste treatment company co-owned by 
Reykjavík and neighboring municipalities (Gyða S. Björnsdóttir, 2019). 

Reykjavík 

Transport of domestic waste in Reykjavík was modeled on data from the 
municipality and data from GREET. The garbage trucks in Reykjavík are fueled by 
compressed natural gas (CNG, “metan eldsneyti” in Icelandic). LCI data on CNG- 
powered garbage trucks were taken from GREET as there was no model in 
ecoinvent for garbage trucks using this fuel. The GREET model is based on US data 
and fleets, but it was a good fit for the inventory data that was available from 
Reykjavík municipality. A possible alternative would have been to use EcoTransIT 
World, which would have required more inventory data from the municipality. 

No avoided processes, such as air emissions of methane or use of other fuels, were 
added to the LCI model due to the use of CNG, as this part of the life-cycle was not 
significant enough to radically impact what choices could be made about 
improving the environmental impact of the life-cycle.  

Other municipalities 

The model of transport of waste from homes in other municipalities uses data from 
the municipalities, ecoinvent and companies involved in waste transport and 
treatment. Less primary data were available for the other municipalities, so parts 
of the model are based on estimates from older published data. The municipality of 
Kópavogur provides homes with a bin for paper and plastic waste. As there was a 
lack of primary data on plastic waste collected in Kópavogur, and an estimate of 
the amount of plastic collected indicated this to be a minor part of the life-cycle, all 
plastic collected in a special bin in Kópavogur was excluded. However, plastic in 
the mixed waste bin was modelled. 

4349.72 tons of domestic waste and 962 tons of paper waste were generated in 
Hafnarfjörður in 2017 (personal communication, Ishmael Roberto David, civil 
engineer for Hafnarfjörður municipality, 19th of July 2018). For the other 
municipalities, estimates were made based on amounts of waste in 2015 and 2016, 
and total amounts of waste for the Capital region in 2017 as detailed in Table 4.3. 

Table 4.3 Estimates of waste collected in different municipalities in 2017 
(personal communication, Ishmael Roberto David, civil engineer for 
Hafnarfjörður municipality, 19th of July 2018; Sorpa, 2018b). 

 Mixed Paper 
Garðabær 2382.87 503.80 
Kópavogur 5443.05 1136.93 
Mosfellsbær 1496.37 316.37 
Seltjarnarnes 731.19 154.59 
 

The estimation of diesel burned during transportation of domestic waste to 
Gufunes is based on an estimate of MJ per ton in Hafnarfjörður (214.82 MJ/t) in 
the case of other municipalities than Reykjavík. This is because all the 
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municipalities except Reykjavík use diesel on their garbage trucks, and 
Hafnarfjörður spends fewer MJ of fuel per ton than Reykjavík even though it is 
further away from Gufunes. To be fair, the energy content used per km is less for 
diesel than for CNG (Elgowainy et al., 2018; Lajunen & Lipman, 2016; López, 
Gómez, Aparicio, & Javier Sánchez, 2009; OpenLCA, 2019). 

The waste collection model from ecoinvent used for other municipalities than 
Reykjavík is based on material consumption and emissions per t/km. For this 
reason, the fuel consumption of the waste collection schemes was converted to km 
driven, which was estimated to be 14.88 km on average, based on the formulas 
below. This was for the purpose of fitting the ecoinvent data to the grams of meal 
kit packaging likely to flow through the waste collection schemes of these 
municipalities, in other words the part of the reference flow passing through this 
part of the waste stream. It should be stressed that this is a best estimate based on 
the information available. Many factors affect fuel consumption so the actual 
number is plausibly different: 

𝐿 𝑝𝑒𝑟 𝑡 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑 =
∑ 𝐿 𝑜𝑓 𝑑𝑖𝑒𝑠𝑒𝑙 𝑖𝑛 𝐻𝑎𝑓𝑛𝑎𝑟𝑓𝑗ö𝑟ð𝑢𝑟

∑ 𝑇 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 𝑖𝑛 𝐻𝑎𝑓𝑛𝑎𝑟𝑓𝑗ö𝑟ð𝑢𝑟
 

 

∑ 𝐿 𝑜𝑓 𝑑𝑖𝑒𝑠𝑒𝑙 𝑖𝑛 𝑚𝑢𝑛𝑖𝑐𝑖𝑝𝑎𝑙𝑖𝑡𝑖𝑒𝑠 = 𝐿 𝑝𝑒𝑟 𝑡 𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑒𝑑 ∗ ∑ 𝑇 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 

 

∑ 𝐾𝑔 𝑜𝑓𝑑𝑖𝑒𝑠𝑒𝑙 =
∑ 𝐿 𝑜𝑓 𝑑𝑖𝑒𝑠𝑒𝑙

𝐿
𝑘𝑔

𝑜𝑓 𝑑𝑖𝑒𝑠𝑒𝑙
 

∑ 𝑇/𝑘𝑚 =
∑ 𝐾𝑔 𝑜𝑓 𝑑𝑖𝑒𝑠𝑒𝑙

𝐾𝑔 𝑜𝑓 𝑑𝑖𝑒𝑠𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑝𝑒𝑟
𝑡

𝑘𝑚
𝑖𝑛 21 𝑡𝑜𝑛 𝑤𝑎𝑠𝑡𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑙𝑜𝑟𝑟𝑦

 

𝐾𝑚 =
∑ 𝑇/𝑘𝑚

∑ 𝑇 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒
 

Equation 4.3  Km driven per ton of waste. 

4.6.2 Collection of plastic waste from neighborhood recycling 

points and recycling stations 

Neighborhood recycling points are large metal recycling containers which are 
scattered around neighborhoods, the idea being that people in the area can walk or 
drive by the containers and get rid of plastic, paper, clothes or glass. In 2017, 176 
tons of plastic waste were collected from neighborhood recycling points while 
1,333.06 tons of other waste were collected (Gyða S. Björnsdóttir, 2018). Waste 
transport from neighborhood recycling points is modeled on generic data on 
EURO 3 lorries, assuming that the energy use during transport equals average 
lorry transport. It should be noted though that machines are used to lift the lid off 
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the containers and empty them. This means that energy use is likely to be slightly 
higher than in average lorry transport. 

An even larger variety of recycling schemes is available at recycling stations, which 
are designed to accommodate vehicles carrying large amounts of waste, such as 
passenger cars, vans and trucks. Recycling stations are situated at six locations in 
the Capital region. 

It was assumed that waste was driven on average 12.4 km from neighborhood 
recycling points and recycling stations to Gufunes. This number along with data on 
the amount of waste that went through the neighborhood recycling points and 
recycling stations was used to normalize the emissions of lorries carrying waste to 
Gufunes. 

4.6.3 Treatment of waste 

Mixed waste 

Mixed waste goes through four stages of treatment in the recycling center in 
Gufunes: blowers, magnets, grinders and finally balers. The blowers blow the 
lightest part of the waste away. As plastic is relatively light compared to other 
waste, it can be diverted from the waste stream with this technology. Twelve tons 
of plastic waste were retrieved with blowers in 2017 and 10 kWh of electricity were 
used per ton of recovered plastic waste (Gyða S. Björnsdóttir, 2018). Electricity 
production in Iceland was modeled on the ecoinvent process “Electricity, high 
voltage, production mix, Iceland”. Note that this ecoinvent process models 
geothermal energy production on the methods used in Switzerland, which differ 
from the methods used in Iceland (Marta Rós Karlsdóttir, Ólafur Pétur Pálsson, 
Halldór Pálsson, & Maya-Drysdale, 2015). The rest of the electricity production 
methods modelled in this dataset are comparable to the methods used in Iceland. 
Bags for sorting plastic were distributed to residents of Seltjarnarnes municipality 
in 2017 (Sorpa, 2016) and later in other municipalities.  

Magnets sort metals away from the rest of the waste. In 2017, 1,100 tons of metals 
were removed from mixed waste in this way (Gyða S. Björnsdóttir, 2018). This was 
included in the model to correctly assess how the energy used in grinding, baling 
and transporting the waste would be distributed between the plastic and other 
parts of the mixed waste. 

After the magnets, the waste goes through grinders. In the grinders the mixed 
waste, along with bulky and timber waste, is ground into finer particles. This 
process uses 6.21 kWh per ton. 

The final stage is baling. During the baling process the waste’s volume is 
minimized and formed into cubes by tying it together with a wire. This process 
uses 5.5 kWh of electricity and 2.91 kg of wire per ton baled. The wire was excluded 
from the model due to its relatively light weight, but the electricity was retained. 

Electricity use in Gufunes is modeled on ecoinvent data on the electricity mix of 
Iceland.  
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From Gufunes the mixed waste, along with bulky waste deriving from construction 
work, is transported to a landfill in Álfsnes, the distance being 15.5 km according 
to ja.is. Processes involved in landfilling and emissions from PET and PE in 
landfilling were modeled on ecoinvent data. 

Plastic waste 

Sorted plastic waste is baled in Gufunes (Sorpa, 2018), put into containers and 
driven for 6.8 km in a lorry to a harbor, where a ship transports it to Sweden. 

4.6.4 Disposal to different waste treatment types in Sweden 

All the non-landfilled plastic is transported by Samskip to the recycling company 
Stena in Gothenburg. The port of Varberg is on the shipping routes of Samskip and 
happens to be 69 km south of Gothenburg (Samskip, n.d.-b). In 2018, the ships 
which sailed to Varberg were Arnarfell & Helgafell. According to Samskip’s carbon 
footprint calculator, the transport distance to Varberg is 3,583 km long, because 
the ships dock in British, Dutch and Danish ports (Samskip, n.d.-a, n.d.-b). From 
Varberg, the plastic is assumed to be transported 69 km to Gothenburg in a lorry. 

According to Sorpa, most of the plastic shipped to Sweden in 2018 was incinerated 
(Gyða S. Björnsdóttir, 2019). This is a change from the situation in 2016, when 
74.56% of plastic waste shipped to Sweden was recycled, 24.41% was incinerated 
and 1.03% was landfilled3 (Úrvinnslusjóður, 2017). For these reasons, it was 
assumed in the baseline scenario that all the plastic was incinerated to generate 
energy, but an alternative scenario explored what the environmental impacts 
would be if half of the collected plastic was materially recycled. 

4.6.5 Waste incineration in Sweden 

Final treatment of the waste was modeled on two comparable ecoinvent processes 
which model the market for PET waste in Sweden on the one hand and PE waste 
on the other. Both assume that most of it is incinerated, while a tiny amount is 
either landfilled or burned without energy extraction. Average transport distances 
to the said waste treatment options are also assumed. 

 

3 The data for 2016 represent both domestic waste and waste from companies. As plastic from 

companies is generally cleaner and of more uniform types, it is more suitable for material recycling. 

Therefore, the actual rate for material recycling of domestic plastic in 2016 is likely to be lower. 
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4.7  General notes for inventory 

4.7.1 Transport phases 

Fuel 

Transport in Iceland is modeled on ecoinvent processes where the output is 
measured in t/km, except for CNG-powered vehicles which are modeled on data 
from GREET. In the case of ecoinvent, averages for MJ of different fuels combined 
with data about weight of cargo are used to estimate t/km. In the case of CNG in 
Iceland, it was estimated that MJ/kg is 45.2 MJ/kg (net calorific value of natural 
gas) while kg/m3 is 1.26 m3/kg (normal volume of natural gas), based on average 
values from the ELCD database. This gives 56.99 MJ/m3. It should be noted, 
though, that there is variance in the energy density of CNG (Khan, Yasmin, & 
Shakoor, 2015). 

Lorry transport 

A general condition in this thesis is to always use high estimates for emissions 
unless better data is found (see Chapter 3.7) and that rule also applies to the choice 
of models for lorry transport in the inventory. There are models for lorries 
adhering to different EURO standards in the ecoinvent database. Based on the 
data available, it was assumed that EURO 3 is the most representative model. The 
largest category of heavy-duty vehicles in 30 EEA countries (not Iceland) in 2011 
was EURO 3; these constituted 20-30% of the fleet (European Environment 
Agency, 2016). However, it should be noted that this data is 8 years old, so time-
frame wise it could be more accurate. It was chosen to use an ecoinvent model 
representing the market for EURO 3 trucks so that the different sizes of trucks 
would be represented. 

4.8 Assumptions 

The bullet points below list assumptions made for the baseline scenario grouped 
by the parts of the life-cycle which they pertain to. Reasoning and data which the 
assumptions are based on can be found in previous parts of the life-cycle inventory 
chapter. 

Chapters 6.1.12, 6.2.1 and 6.3.1 include lists of assumptions which diverge from the 
assumptions underlying the baseline scenario. 

Lorry transport 

• All lorries in the life-cycle are assumed to have EURO 3 emission-control 

technology. 
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Plastic production 

• All the bags are assumed to be produced out of LDPE while all the 

containers are assumed to be produced out of PET. 

• All plastic packaging in the life-cycle is assumed to be pure polymers, that is 

without filler materials / additives. 

Packaging production 

• PET is assumed to be first formed into a continuous sheet through 

extrusion, and the sheet is then formed into a container through 

thermoforming and calendering. 

• LDPE is assumed to be formed into a bag through extrusion. 

Transport of packaging to Iceland 

• Packaging is assumed to be transported from Guangzhou in China to 

Reykjavík via Rotterdam. 

Transport of packaging from harbor to supplier in Iceland 

• Packaging is assumed to be transported 7.53 km in a lorry from harbor to 

suppliers. 

Transport of packaging from supplier to meal kit company 

• Packaging is assumed to be transported 7.23 km in a small van from 

supplier to meal kit company. 

Meal kit company 

• Meal kit company is assumed to be situated in Ásgarður, a commercial area 

of Garðabær municipality. 

Transport of meal kits 

• The average distance driven between deliveries is assumed to be 1.6 km. 

• All meal kits are assumed to be delivered to people's homes. 

• Weight of meal kits is assumed to be 3.5 kg. 
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Use phase 

• None of the meal kit packaging is assumed to be reused in the customers' 

home or littered. 

Transport of waste to neighborhood recycling points or recycling centers 

• All transport of waste to neighborhood recycling points or recycling centers 

is assumed to be either by car or by foot. 

o Transport to neighborhood recycling points is assumed to be 86.85% 

by car and 13.15% by foot. 

o Transport to recycling centers is assumed to be 96.71% by car and 

3.29% by foot. 

Transport from neighborhood recycling points and recycling centers to Gufunes 

• Average transport distance is assumed to be 12.4 km. 

Transport of plastic waste from Varberg to Gothenburg 

• The waste is assumed to be transported by lorry. 

Waste treatment 

• Plastic sent to Sweden is assumed to be predominantly incinerated, with 

smaller amounts being landfilled or burned without energy extraction. 

• Untreated wood is an avoided product, which means that the environmental 

impacts of incinerating plastic waste are subtracted by the impacts of 

incinerating the weight of untreated wood which would have to be burned to 

generate the same MJ of energy. 
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5 Results 

 

Table 5.1 shows the different environmental impacts of the baseline scenario’s life-
cycle. 

Table 5.1 Total life-cycle impacts of one meal kit’splastic packaging. 

Impact category Reference unit Value 
Climate change: biogenic kg CO2-Eq 9.73E-04 

With avoided biogenic 
CO2 kg CO2-Eq -8.77E-03 

Climate change: fossil kg CO2-Eq 3.19E-01 
Climate change: Land use 
and land use change kg CO2-Eq 7.92E-07 
Climate change: Total kg CO2-Eq 3.20E-01 

With avoided biogenic 
CO2 kg CO2-Eq 3.11E-01 

Freshwater and terrestrial 
acidification mol H+-Eq 1.54E-03 
Freshwater ecotoxicity CTU 2.69E-01 
Freshwater eutrophication kg P-Eq 8.20E-05 
Marine eutrophication kg N-Eq 3.84E-04 
Terrestrial eutrophication mol N-Eq 3.10E-03 
Carcinogenic effects CTUh 3.63E-09 
Ionizing radiation kg U235-Eq 2.81E-02 
Non-carcinogenic effects CTUh 2.09E-08 
Ozone layer depletion kg CFC-11-Eq 1.79E-08 
Photochemical ozone 
creation kg NMVOC-Eq 1.05E-03 
Respiratory effects, 
inorganics Disease incidence 1.28E-08 
Resources: Dissipated 
water) m3 water-Eq 2.21E-01 
Resources: Fossils MJ 6.64E+00 
Resources: Land use points 4.03E-01 
Resources: Minerals and 
metals kg Sb-Eq 1.17E-06 

All impacts were calculated using the ILCD 2.0 2018 Midpoint method. 

 

The impact in each category is calculated by compiling resources drawn from the 
ecosphere, and emissions into the ecosphere, in other words elementary flows in 
and out of the ecosphere, which are relevant to that category. For example, in the 
calculation of climate change impact all emissions into the air relevant to climate 
change are compiled, such as emissions of CO2, methane and N2O. In the 
calculation of “Resources: Fossils”, all fossil fuels used in the life-cycle are 
compiled, such as coal and oil products, but also uranium because uranium is an 
energy resource which exists in limited amounts in the ground and can therefore 
be depleted, just like fossil fuels. 
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Next, the amounts flowing in and out of the ecosphere are multiplied by the 
environmental damage they can cause per unit in that category. In the case of 
climate change, the baseline for the category is the damage caused per kg of CO2 
from fossil sources. Methane has 36.75x more climate change impact per kg than 
CO2 which is why it is total emissions in the life-cycle are multiplied by 36.75 to 
calculate their climate change impact, in other words, one kg of CO2 generates 1 kg 
CO2 eq.4 in climate change impact while 1 kg of methane generates 36.75 kg CO2 
eq..   

5.1 Hotspot analysis 

The impacts deemed most serious for the baseline scenario, and alternative 
scenarios, were fossil depletion and climate change impact according to Recipe 
Hierarchical Endpoint normalization (see Chapter 3.8 for further information on 
the normalization of impacts). 
 
The material extraction phase, up to the point where raw plastic has been 
manufactured (excluding the production of the packaging itself), generates 72.84% 
of fossil depletion in the life-cycle. The main process and flow contributors all stem 
from this part of the life-cycle. They are raw LDPE production (outside Europe, 
16.76%, inside Europe, 8.28%) and production of plastic precursors (xylene, 
outside Europe, 15.36%, inside Europe, 7.59%, ethylene, outside Europe 7.05%). 
Other processes contribute 44.95% of fossil depletion in the life-cycle, with the 
remaining parts of the impact stemming mainly from production of fossil fuels. 
The main flow contributors are crude oil (40.65% of total MJ of fossil resources) 
and natural gas (29.64%), both of which are largely consumed during the 
production of raw plastic and plastic precursors. Figure 5.1 on the next page shows 
the distribution of fossil depletion between processes in the life-cycle, while Figure 
5.2 shows which fossil energy sources are most critically depleted by the life-cycle. 
 
 

 

4 An exception to this calculation in ILCD is biogenic CO2, which is CO2 that stems from other 

sources than fossil fuels, because biogenic CO2 is already a part of nature’s carbon cycle. However, 

in this study biogenic CO2 from wood incineration is included as detailed elsewhere in the thesis. 
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Figure 5.1 Main process contributors to fossil depletion in the life-cycle. The 
denominator is the percentage of MJ of fossil resources used in the life-cycle. 

 
Figure 5.2 Most critically depleted fossils in life-cycle. The denominator is the 
percentage of MJ of fossil resources used in the life-cycle. 
 
The main contributor to the climate change impact is the same phase of the life-
cycle which contributes the most to fossil depletion, the material extraction phase, 
which contributes 58.75%. However, the main process contributors are more 
distributed across the life-cycle. Important process contributors are production of 
plastic (polyethylene production outside Europe, 10.74%, inside Europe, 5.30%) 
production of plastic precursors (xylene production outside Europe, 9.29%, inside 
Europe, 4.59%, ethylene production outside Europe, 3.58%), generation of energy 
(heat production in a hard-coal-powered industrial furnace outside Europe, 3.76%, 
operation of hard coal mines in China, 2.26%, heat production in a natural-gas-
powered industrial furnace, outside Europe 1.59%, inside Europe, 1.39%), shipping 
of plastic packaging to Iceland, 3.10% and waste treatment (incineration of waste 
PET, 3.22%, and PE, 2.37% for district heating in Sweden), which is counteracted 
by avoided incineration of wood for district heating in Sweden (-0.02% without 
biogenic CO2, -2.49% with biogenic CO2). See Chapter 3.8 for climate change 
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impact of incinerated wood. The main flow contribution to climate change is CO2 
from fossil sources which comprises 83.83% of the life-cycles’ impact. 
 
 

 
 
Figure 5.3 Main process contributors to the climate change impact, in kg CO2 eq.  
of one meal kit’s plastic packaging. Total climate change impact is 3.20E-01 kg 
CO2 eq., 3.11E-01 with biogenic CO2. Legend: CHI = China, EUR = Europe, OEU = 
Outside Europe, SWE = Sweden. 
 
The discrepancy between fossil depletion and climate change impact might seem 
unusual, for instance because the climate change impact is more scattered around 
the life-cycle than the fossil depletion. This is due to the fact that a lot of the fossil 
depletion stems from oil and gas being used to make plastic in the initial stages of 
the life-cycle. As most of the plastic is landfilled the release of GHG from it is 
slowed down as the plastic disintegrates slowly in the landfill.  
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6 Scenario analysis 

The following scenario analyses were done as an attempt to find ways to improve 
the environmental impacts of the life-cycle: 

• Substition of single-use packaging with a reusable packaging system 

(Chapter 6.1). 

• Sending 50.11% of plastic to incineration in Sweden instead of 12.5% 

(Chapter 6.2). 

• Sending  25.06% of plastic to incineration and 25.06% to material recycling 

in Sweden (Chapter 6.3). 

6.1 Reusable packaging 

To reduce the environmental impact of the life-cycle, it was tested whether a 
reusable packaging system would be an improvement. The system would have the 
following qualities: 

• Meal kits come in reusable plastic packaging 

• When vans deliver meal kits they pick up reusable packaging which the 

customer is expected to leave at the door. At the end of the route the van 

picks up packaging from those who didn’t order a meal that week 

• Packaging is washed at the meal kit company 

• Packaging is assumed to be replaced after 3 years 

• 5% of packaging is assumed to be lost each year, in other words not 

returned by customer. 

6.1.1 Specifications of reusable packaging 

Table 6.1 shows the difference between the packaging in the reusable and the 
baseline scenario. The first column denotes which scenario the rows pertain to, 
with Sc1 being the baseline scenario and Sc2 being the reusable scenario. The bags 
in the reusable scenario are modeled on reusable shopping bags made of nylon. 
The containers are modeled on reusable polypropylene containers intended for 
home use. The column weight shows the weight of one piece of packaging, while 
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the column “W. per meal kit” multiplies the weight with the average pieces of 
packaging per meal kit. Finally, the column “W. needed per meal kit” shows the 
amount of packaging which needs to be manufactured per use cycle. In other 
words, the weights in the row “W. per meal kit” is divided by the number of times 
the reusable packaging is estimated to be used on average. 

Table 6.1 System change possibilites 

 Pack. 
type 

Vol. 
capacity 
(l) 

Mater-
ial 

Avg. 
no. 
per 
meal 
kit 

Weight 
(g) 

W. per 
meal 
kit (g) 

W. 
needed 
per meal 
kit, (W/ 
no. of 
uses) (g) 

Sc1 Bags to 
group  
meal 
ingredient
s 

4 liters LDPE 3 6.16 18.48  

Sc
2 

Bags to 
group 
meal 
ingredient
s 

4.1 liters Nylon 3 46.29 138.86 1.89 

Sc1 Smaller 
bag 

0.9  liters 
 

HDPE 2.33 0.89 2.08  

Sc
2 

Smaller 
bag 

1.5 liters  Nylon 2.33 23.14 53.6 0.73 

Sc1 Container 12 oz PET 0.67 19.32 12.88  

Sc
2 

Container 0.4 liter PP 0.67 35.78 23.86 0.32 

Sc1 Container 8 oz PET 1 18.2 18.2  

Sc
2 

Container 0.25 liter PP 1 18.49 18.49 0.25 

Sc1 Container 3 oz PET 1.33 5.06 6.75  

Sc
2 

Container 0.1 liter PP 1.33 11.76 15.67 0.21 

Sc1 Container 2 oz PET 1 3.31 3.31  

Sc
2 

Container 0.1 liter PP 1 11.76 11.76 0.16 

Sc1= Baseline/single-use scenario, Sc2=Reusable scenario 
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The smaller reusable bags are assumed to be half the weight of the larger reusable 
bags. 

The reusable bags are made of ripstop nylon. They are assumed to be made of 
nylon 6.6 because nylon 6.6 has a greater environmental impact than nylon 6. 

6.1.2 Functional unit 

The functional unit of the reusable scenario is one use of packaging in a meal kit to 
ease comparison with the baseline scenario. 

6.1.3 Reference flow 

The reference flow of the reusable scenario is 3.57 grams of packaging. 

6.1.4 In the customers homes 

The customers would be instructed to cleanse traces of food from the packaging 
with warm water. It is difficult to determine how many would follow these 
instructions as there seem to be no prior studies on this topic. Also, as this is a 
theoretical scenario which has not been tested, no first-hand data are available. 
Thus for this LCA model, it was assumed that half of the packaging would be 
cleaned with warm water, although arguably some customers would use 
alternative methods such as wiping with paper towels or putting the packaging into 
the dishwasher. The amount of water for washing containers was based on 
Berkholz et al. (2013). Some of the customers would use detergent, but this was left 
out of the study as the amounts would be too small to have an impact on the 
results (Golsteijn et al., 2015; Stamminger, Elschenbroich, Rummler, & Broil, 
2007). Packaging is washed once per functional unit, or once per meal kit. 

Some of the packaging would not make it instantly to the meal kit company after 
use. Some would remain at the customers‘ home for a while, with some being 
reused. 14.81% of the containers would never make it back to the meal kit 
company, see Chapter 6.1.6 Lost Packaging. These would enter the waste stream in 
the same proportions as the plastic packaging in the baseline scenario. 

6.1.5 Picking up from customers 

When the company‘s van delivers meal kits it is assumed to pick up packaging 
from the customer. The majority of the stops would be to the same addresses as 
the meal kits are delivered to. Some stops would have to be added to the route to 
pick up from customers who didn‘t order a meal kit two weeks in a row. One 
should therefore assume a longer route per delivery because of detours to pick up 
these containers.  

For the model, the van is assumed to drive a 1.5x longer route to pick up from 
those who didn‘t order a meal kit two weeks in a row. Of course, many of these 
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extra stops would be on the same streets as the stops for those who ordered a kit. 
But it would be important to deliver the kits fast, and pick up most of the extra 
packaging on the way back, which is why the drive between stops is assumed to be 
longer. In the baseline scenario, the drive between stops was assumed to be 1.6 km. 
In the reusable packaging scenario, the drive between stops is assumed to be 2.4 
km. 

6.1.6 Lost packaging 

Lindell (2008) found a theft rate of 5% in a study on reusable plastic crates, thus 
we assume that 5% of the packaging is lost per year, in the meaning that it is never 
returned back to the meal kit company (Lindell, 2008). 

6.1.7 Washing of packaging 

The containers would be washed in a dishwasher at the meal kit company. 
Washing in a dishwasher is modeled on data from Arendorf et al. (2014). Plastic 
bags would be cold-washed in a washing machine. However, washing machine use 
is modeled on data from Medina et al. (2015) which do not distinguish between 
washing with cold and hot water. Packaging is washed once per functional unit, i.e. 
once per meal kit. 

6.1.8 Durability of packaging 

The packaging is assumed to be replaced when it becomes discoloured, scratched 
or disfigured, which is assumed to happen on average after 3 years of use based on 
authors’ experience with plastic containers used in his home. 

It should be noted that previous LCA‘s have used different assumptions for how 
long reusable packaging lasts. Accorsi et al. (2014) compiled models for 30, 50 and 
70 uses while Gallego-Schmid, Mendoza and Azapagic (2018) assumed 50 uses as 
that was the median in Accorsi‘s study. Yet another alternative is not assuming a 
set amount of use time or use cycles but to model how many times reusable 
packaging needs to be used to have a lower environmental impact than single-use. 
A downside of that method is that it gives an estimate of how efficient a reusable 
packaging system needs to be for a lower environmental impact instead of 
estimating what differences in environmental impact should be expected. 

6.1.9 Number of uses per packaging 

The cycle of the reusable packaging scenario takes two weeks. The packaging is 
sent along with the meal kit to the customer in the first week, and picked up and 
washed in the next week. If the packaging is used on average 26.09 times per year 
(based on a two week cycle) for 3 years and the yearly loss rate is 5%, then the 
average packaging gets used in the meal kit company‘s reusable packaging system 
73.57 times. 
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6.1.10 End-of-life 

The meal kit company is assumed to dispose of the plastic containers at one of the 
main recycling centers. After the 3-year use period, 14.81% of the packaging is lost, 
so 85.19% is sent to recycling. The users who do not return the plastic containers 
are assumed to dispose of them through the same waste scenarios as they would 
have done with the single-use containers. 

6.1.11 Modelling 

Because information on the suppliers of the reusable packaging was not found, the 
distance driven from harbor to supplier and from supplier to meal kit company 
was assumed to be the same for the baseline and reusable packaging scenario. 

It was assumed that 93.5% of the containers were dishwashed in the meal kit 
company for every use because by the end of the 3-year use period it can be 
estimated that 14.81% of the packaging will be lost, given a 5% loss rate per year. 

Water used in the meal kit company and in customers home was assumed to be 
untreated groundwater, and was modelled on the ecoinvent process “tap water 
production, underground water without treatment – Europe without Switzerland”. 

6.1.12 Assumptions 

The bullet points below list assumptions underlying this scenario, which diverge 
from the assumptions underlying the baseline scenario. The assumptions for the 
baseline scenario are listed in Chapter 4.8. 

Plastic production 

• Meal kits come in reusable plastic packaging, polypropylene containers and 

nylon bags. 

• Nylon bags are assumed to be made of nylon 6.6. 

Packaging production 

• Raw nylon is assumed to be extruded into plastic bags. 

• Raw polypropylene is assumed to be extruded into a sheet, which is 

thermoformed and calendered into a container. 

Meal kit company 

• Packaging is washed at the meal kit company, containers in a dishwasher 

and bags in a washing machine. 

• Packaging is assumed to be replaced after 3 years. 
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• Meal kit company is assumed to dispose of packaging at the nearest 

recycling station, the distance, one way being 3.9 km. 

• Customers are assumed to dispose of packaging which they didn’t return to 

meal kit company into the same waste streams as in the baseline scenario, 

in the same ratios. 

Transport of meal kits 

• When vans deliver meal kits they pick up reusable packaging which the 

customer is expected to leave at the door. At the end of the route the van 

picks up packaging from those who didn’t order a meal that week. 

• Distance between stops on the route is assumed to be 1.5x longer than in the 

baseline scenario, 2.4 km instead of 1.6, to account for stops at customers 

who didn’t order a meal two weeks in a row. 

Use phase 

• 50% of the containers are assumed to be cleansed with water in the 

customers home. 

• Customers were assumed not to use detergent to clean the containers. 

• 5% of packaging is assumed to be lost each year, in other words not 

returned by customer. 

Waste treatment 

• All plastic waste that isn’t landfilled is sent to Sweden for incineration. 

6.1.13 Results 

Table 6.2 and Figure 6.1 on the next page show the different environmental 
impacts of the reusable packaging scenario and how they compare with the 
impacts of the baseline scenario.  In Figure 6.1, the highest column in each 
category indicates the scenario with the highest impact. In the climate change 
categories, the columns show impacts relative to the total impact of the baseline 
scenario to illustrate better the difference between the climate change 
contributions of the different sources of climate change impact. 
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Table 6.2 Total life-cycle impacts of one meal kit’s plastic packaging. 

Impact 
category 

Reference 
unit Baseline Reusable % change 

Climate 
change: 
biogenic kg CO2-Eq 9.73E-04 2.75E-03 

182.26% 
 

With avoided 
biogenic CO2 kg CO2-Eq -8.77E-03 -6.72E-04 -92.34%5 
Climate 
change: fossil kg CO2-Eq 3.19E-01 9.03E-02 -71.71% 
Climate 
change: Land 
use and land 
use change kg CO2-Eq 7.92E-07 3.26E-06 312.21% 
Climate 
change: Total kg CO2-Eq 3.20E-01 9.31E-02 -70.93% 
With avoided 
biogenic CO2 kg CO2-Eq 3.11E-01 8.97E-02 -71.12% 
Freshwater and 
terrestrial 
acidification mol H+-Eq 1.54E-03 4.43E-04 -71.28% 
Freshwater 
ecotoxicity CTU 2.69E-01 1.55E-01 -42.33% 
Freshwater 
eutrophication kg P-Eq 8.20E-05 3.47E-05 -57.72% 
Marine 
eutrophication kg N-Eq 3.84E-04 3.40E-04 -11.26% 
Terrestrial 
eutrophication mol N-Eq 3.10E-03 1.01E-03 -67.31% 
Carcinogenic 
effects CTUh 3.63E-09 2.91E-09 -19.89% 
Ionizing 
radiation kg U235-Eq 2.81E-02 7.19E-03 -74.42% 
Non-
carcinogenic 
effects CTUh 2.09E-08 3.78E-08 80.58% 
Ozone layer 
depletion kg CFC-11-Eq 1.79E-08 7.41E-09 -58.73% 
Photochemical 
ozone creation kg NMVOC-Eq 1.05E-03 2.61E-04 -75.22% 

 

5 Contrary to the other impact categories, the minus number in % change represents less 

environmental benefit in this case. This is because both scenarios reduce emissions of biogenic 

GHG, hence the minus numbers, but the reusable scenario reduces the emissions less than the 

baseline scenario. 
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Respiratory 
effects, 
inorganics 

Disease 
incidence 1.28E-08 4.77E-09 -62.68% 

Resources: 
Dissipated 
water) m3 water-Eq 2.21E-01 4.66E-01 111.05% 
Resources: 
Fossils MJ 6.64E+00 1.29E+00 -80.60% 
Resources: 
Land use points 4.03E-01 2.03E-01 -49.64% 
Resources: 
Minerals and 
metals kg Sb-Eq 1.17E-06 4.43E-07 -62.30% 

 

 

Figure 6.1 Reusable and baseline scenarios compared 

The results in Table 6.2 show a reduced environmental impact in most categories. 
The change in climate change impact varies between types of climate change 
contributors, but the total climate change impact is reduced by 70.27%, 70.44% 
when avoided biogenic CO2 is accounted for. Likewise, the reusable scenario 
reduces fossil depletion by 80.12%. The reusable scenario increases water use by 
111.93% while reducing photochemical ozone creation by 74.53%. 

This general reduction of environmental impacts is explained by lower material 
needs per meal kit in the reusable packaging system. The exception is emissions 
and material use within and between the meal kit company phase and the use 
phase. Because the reusable packaging is heavier than the single-use packaging, 
more fuel is needed to transport it. Likewise, more water and cleaning agents are 
needed during these phases because the packaging needs to be cleaned every time 
to prevent contamination, and longer distances are driven by the meal kit company 
to pick up packaging from customers. 
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Hotspot analysis 

The phases contributing the most to depletion of fossil fuels are the meal kit 
company phase (40.19%), and the material extraction phase (32.35%), in other 
words the plastic production and preceding parts of the life-cycle, with the 
exclusion of production of packaging from the plastic. This reflects two things, less 
plastic needs to be produced per meal kit in the reusable system, and the 
environmental impacts of the meal kit company are heavier in this system, in 
particular proportionally to other life-cycle phases but also in absolute fossil fuel 
use. The absolute increase is because the reusable system requires transport of 
heavier packaging in every delivery, and washing of packaging in between uses, 
which requires fossil fuels to produce dishwashing tablets and laundry detergent. 
The main contributing processes are shown in Figure 6.2 below. They are 
production of plastics (nylon, outside Europe, 17.98%, inside Europe, 8.88%; 
polypropylene, outside Europe, 3.53%) energy generation (hard coal mine 
operation in China, 6.36%, onshore petroleum production outside Europe, 6.34%, 
and in the Middle East, 5.94%) and production of ingredients of laundry detergent 
and dishwasher tablets used in the meal kit company (sodium percarbonate 
production in Europe, 3.27%). The remaining 47.71% of the fossil depletion stems 
mainly from production of fossil fuels like in the other scenarios but with a bigger 
contribution from chemicals production. The main contributing flows are 
consumption of crude oil, 36.26% and consumption of natural gas, 24.62%, as 
shown in Figure 6.3 on the next page. 

 

Figure 6.2 Main process contributors to fossil depletion in the life-cycle. The 
denominator is the percentage of MJ used in the life-cycle. 
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Figure 6.3 Main flow contributors to fossil depletion in the life-cycle. 
Denominator is percentage of MJ used in the life-cycle. 

The phases contributing the most to the climate change impact are the meal kit 
company phase (39.64%), the end of life phase (27.64%, 24.05% with avoided 
biogenic CO2) and the material extraction phase (26.70%). The climate change 
impact of the material extraction phase is drastically lowered from 0.19 kg CO2-eq 
in the baseline scenario to 0.025 kg CO2-eq in this scenario. The processes 
contributing to the climate change impact are scattered around the life-cycle, as in 
the case of the baseline scenario, see Figure 6.4 on the next page. The main 
contributing processes are production of plastics (nylon, 24.15%, polypropylene 
production outside Europe, 1.47%), production of ingredients of laundry detergent 
and dishwasher tablets used in the meal kit company (citric acid production in 
China, 3.23%, sodium percarbonate production in Europe, 2.70%), energy 
production (hydroelectricity production in Iceland6, 2.04%, heat production in a 
hard coal powered furnace outside Europe, 1.81%, operation of a hard coal mine in 
China, 1.49%), transport of packaging waste from homes to recycling centers by car 
(3.39%), incineration of plastic (nylon, 5.81%, polypropylene, 2.17%), which are 
countered by avoided incineration of wood products (-0.03% without biogenic 
CO2, -3.62% with biogenic CO2), production of pig iron, 1.57%, as iron and iron-
containing alloys are used in various parts of the life-cycle, for example to produce 
lorries, and finally, production of clinker, 1.53%, which is used in cement in various 

 

6 The results for hydropower stem from biogenic methane released from water reservoirs (Deemer 

et al., 2016) and are based on an average for hydroelectric dams around the world (Hertwich, 

2013). It has been questioned whether water reservoirs release more GHG than the land they cover 

would have (Prairie et al., 2018) although in general land is a carbon sink while freshwater is a net 

emitter of GHG (Bastviken, Tranvik, Downing, Crill, & Enrich-Prast, 2011). Also, there is high 

variability in the measured GHG impact of hydropower (Scherer & Pfister, 2016) so the average 

used here may not be representative for hydropower in Iceland. 
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parts of the life-cycle. The main contributing flow is CO2 from fossil sources, 
84.37%. 

 

Figure 6.4 Main process contributors to climate change impact, in kg CO2 eq., of 
one meal kit’s plastic packaging. Total climate change impact of life-cycle is   
9.52E-02 kg CO2 eq., 9.18E-02 with biogenic CO2. 

Legend: CHI = China, EUR = Europe, GLO = Global, ICE = Iceland, OEU = Outside 
Europe, SWE = Sweden. 

6.2 Less landfilling 

Various actors in the waste treatment governance structure of Iceland have it on 
their agenda to reduce the amount of plastic which is landfilled, including the 
Nordic Council of Ministers (Nordic Council of Ministers, 2017), the Ministry of 
Environment & Natural Resources (Umhverfis- og auðlindaráðuneytið, 2016) and 
Sorpa, the main waste treatment company in the Capital region (Gyða S. 
Björnsdóttir, 2019). 

For this reason, it was investigated whether a decrease in landfilling of plastic 
would be preferable to the current situation. 

The percentage of plastic in mixed waste in the Capital region decreased from 20% 
to 16.2% between 2014 and 2018 (Gyða S. Björnsdóttir, 2019; Gyða S. Björnsdóttir, 
2017; Gyða S. Björnsdóttir, 2018). If the percentage decreases to 12% while the 
total amount of plastic packaging waste making it to waste treatment stays the 
same, then the percentage of plastic packaging ending up in landfill will decrease 
to 49.89% from the level in the baseline scenario, which is 87.50%. See formulas 
on the next page. 
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𝐴 − 𝐵 = 𝐶  
 

𝐶

1 − 𝐷
= 𝐸 

 

𝐸 − 𝐹 = 𝐺 
 

𝐺

𝐻
= 𝐼 

Equation 6.1 Percentage of plastic which goes into mixed waste stream in the less 
landfilling scenario. 
 
Legend: 
A=Total tons of domestic mixed waste, 
B=Tons of plastic in domestic mixed waste, baseline scenario, 
C=Tons of domestic mixed waste which are not plastic, all scenarios, 
D=Percentage of domestic mixed waste which is plastic in less landfilling scenario (12%), 
E=Tons of domestic mixed waste in less landfilling scenario, 
F=Tons of domestic mixed waste in baseline scenario which are not plastic, 
G=Tons of plastic in domestic mixed waste in less landfilling scenario, 
H=Total tons of domestic plastic packaging waste in Capital region, all scenarios, 
I=Percentage of plastic which goes into mixed waste stream in less landfilling scenario. 

The rest of the waste streams were extrapolated to the new value for amount of 
landfilled plastic so that the ratios between streams that end up in incineration 
stay the same as shown in table 6.3. 

Table 6.3 Comparison of plastic waste streams in the baseline and less landfilling 
scenario (Gyða S. Björnsdóttir, 2018). 

EoL scenario Baseline Less 
landfilling 

Landfilling 87.5% 49.89% 
Incineration 12.5% 50.11% 

Plastic bin 3.67% 14.87% 
Neighborhood recycling point 
[grenndargámur] 

2.47% 10.03% 

Recycling station [endurvinnslustöð] 6.2% 25.12% 
Div. from mixed waste stream 0.17% 0.10% 

 

Less landfilling means that more plastic waste gets sent to Sweden where it is 
incinerated for district heating and electricity generation. There, 9% of electricity 
in 2017 (Statistiska Centralbyrån, 2018) and 82.9% of district heat in 2018 was 
derived from incinerated fuels. 20% of district heat and 28% of fuel-generated 
electricity in 2018 was derived from non-timber waste, which includes plastic 
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(Khodayari, 2019). The demand for energy and energy mix in the country varies 
between years. In 2018, a cold spring increased the energy consumption of district 
heat networks. Simultaneously, there was a shortage of wood products to burn 
because of heavy rain in the south of the country, which hindered logging 
(Rydegran, 2019). These along with other market factors are decisive for whether 
more availability of plastic waste for incineration replaces other energy sources or 
fills in the gap created by increased demand. 

In this scenario, it was assumed that incineration of plastic waste replaces 
untreated wood products, as wood products contribute 40.01% of district heat and 
50.7% of combustion-derived electricity. The largest part of the incinerated wood 
products is what is called oförädlat trä (leaves, pine needles, twigs, bark, tree tops, 
sawdust, the term has a slightly wider meaning than the term “logging residues”), 
which generate 26% of all district heat in Sweden and 34% of electricity generated 
from burning of fuels (about 3% of total electricity production) (Khodayari, 2019). 
As noted in the paragraph above, market conditions affect whether more 
incineration of plastic waste genuinely replaces other energy sources or fills in the 
gap created by increased demand. 

 

6.2.1 Assumptions 

This scenario bases on only one assumption which diverges from the assumptions 
underlying the baseline scenario. The assumptions underlying the baseline 
scenario are listed in Chapter 4.8. 

• Percentage of plastic in mixed domestic waste is assumed to decrease to 

12%, while the same weight of plastic and same weight of other waste are 

disposed of in the Capital Region, giving an increase in sorted plastic and a 

decrease in the weight of mixed domestic waste corresponding to the 

decrease in plastic content. 

6.2.2 Results 

Table 6.4 and Figure 6.5 on the next pages show the different environmental 
impacts of the less landfilling scenario and how they compare with the impacts of 
the baseline scenario. In Figure 6.5, the highest column in each category indicates 
the scenario with the highest impact. In the climate change categories, the columns 
show impacts relative to the total impact of the baseline scenario to illustrate 
better the difference between the climate change contributions of the different 
sources of climate change impact. 
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Table 6.4 Total life-cycle impacts of one meal kit’splastic packaging. 

Impact 
category 

Reference 
unit Baseline 

Less 
landfilling % change 

Climate 
change: 
biogenic kg CO2-Eq 9.73E-04 9.07E-04 -6.79% 
With avoided 
biogenic CO2 kg CO2-Eq -8.77E-03 -3.81E-02 334.90% 
Climate 
change: fossil kg CO2-Eq 3.19E-01 3.56E-01 11.56% 
Climate 
change: Land 
use and land 
use change kg CO2-Eq 7.92E-07 7.48E-07 -5.58% 
Climate 
change: Total kg CO2-Eq 3.20E-01 3.57E-01 11.51% 
With biogenic 
CO2 kg CO2-Eq 3.11E-01 3.18E-01 2.43% 
Freshwater and 
terrestrial 
acidification mol H+-Eq 1.54E-03 1.49E-03 -3.05% 
Freshwater 
ecotoxicity CTU 2.69E-01 4.68E-01 73.54% 
Freshwater 
eutrophication kg P-Eq 8.20E-05 7.66E-05 -6.52% 
Marine 
eutrophication kg N-Eq 3.84E-04 3.41E-04 -11.11% 
Terrestrial 
eutrophication mol N-Eq 3.10E-03 3.05E-03 -1.69% 
Carcinogenic 
effects CTUh 3.63E-09 3.48E-09 -4.28% 
Ionizing 
radiation kg U235-Eq 2.81E-02 2.64E-02 -5.91% 
Non-
carcinogenic 
effects CTUh 2.09E-08 2.04E-08 -2.81% 
Ozone layer 
depletion kg CFC-11-Eq 1.79E-08 1.72E-08 -4.05% 
Photochemical 
ozone creation kg NMVOC-Eq 1.05E-03 1.03E-03 -2.35% 
Respiratory 
effects, 
inorganics 

Disease 
incidence 1.28E-08 1.21E-08 -5.36% 
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Resources: 
Dissipated 
water) m3 water-Eq 2.21E-01 2.07E-01 -6.31% 
Resources: 
Fossils MJ 6.64E+00 6.32E+00 -4.83% 
Resources: 
Land use points 4.03E-01 3.75E-01 -6.95% 
Resources: 
Minerals and 
metals kg Sb-Eq 1.17E-06 1.11E-06 -5.46% 

 

 

Figure 6.5 Less landfilling and baseline scenarios compared. 

The difference between the scenarios is within  10% on most categories. The less 
landfilling scenario exceeds the baseline scenario the most in freshwater 
ecotoxicity (73.54%) while slightly increasing climate change impact when avoided 
biogenic impact is taken into account (11.51%, 2.43% with avoided biogenic CO2), 
while the reverse is true for marine eutrophication (11.11% reduction) and fossil 
depletion (4.83% reduction). This does not necessarily mean that plastic should be 
phased out completely from municipal incineration in Sweden. This is because in 
some winters the demand for heating increases. Likewise, financial factors in 
Iceland and Sweden must be considered as well.  

 

Hotspot analysis 

72.70% of fossil depletion can be traced to a part of the life-cycle, ranging from the 
material extraction phase up to the point where raw plastic has been manufactured 
(excluding the production of the packaging itself). The processes contributing the 
most to fossil depletion, as shown in Figure 6.6, are plastic production (LDPE 
production, outside Europe, 17.53%, and inside Europe, 8.66%) and the 
production of plastic precursors (xylene, outside Europe, 14.94%, inside Europe, 
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7.38%, ethylene, outside Europe, 6.86%). The remaining 41.29% of the life-cycle’s 
fossil depletion impact stem from all other fossil-consuming processes in the life-
cycle, mainly production of fossil fuels. The flows contributing the most are 
consumption of crude oil (40.94%) and natural gas (29.61%), as shown in figure 
6.7. 

 

Figure 6.6 Main process contributors to fossil depletion. The denominator is the 
percentage of MJ used in the life-cycle. 

 

Figure 6.7 Main flow contributors to fossil depletion. The denominator is the 
percentage of MJ used in the life-cycle. 
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The parts of the life-cycle that range from the material extraction phase up to the 
point where raw plastic has been manufactured (excluding the production of the 
packaging itself of course) generate 51.45% of the life-cycle’s climate change 
impact. The processes contributing the most to the climate change impact are 
production of plastic (LDPE, outside Europe, 9.40%, and inside Europe, 4.64%) 
and plastic precursors (xylene, outside Europe, 8.14%, inside Europe, 4.02%, 
ethylene, outside Europe, 3.13%), energy production (generation of heat in a hard 
coal industrial furnace, outside Europe, 3.29%) and incineration of waste for 
energy production (PET, 10.21%, LDPE, 7.49%, countered by avoided incineration 
of untreated wood, -0.07%, -7.91% with biogenic CO2), as shown in Figure 6.8. The 
elementary flow contributing the most is CO2 from fossil sources, 86.28%. 
 
 

 
Figure 6.8 Main process contributors to climate change impact, in kg CO2 eq, of 
one meal kit’s plastic packaging. Total climate change impact of life-cycle is 
3.57E-01 kg CO2 eq., 3.18E-01 with biogenic CO2. 
Legend: EUR = Europe, OEU = Outside Europe, SWE = Sweden. 
 

6.3 Less landfilling with recycling 

It was tested how the life-cycle would be affected if more of the plastic was 
recycled. The recycling processes were modeled on ecoinvent data for recycling in 
Europe as it was more thorough than an inventory done specifically for Sweden 
(Liljenström & Finnveden, 2015).  

It was assumed that 49.89% of plastic ended up in a landfill, like in the less 
landfilling scenario. The rest, or the collected plastic, went in equal proportions to 
incineration and material recycling, 25.06% to each. 
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As stated in Chapter 4, Life-Cycle Inventory, the amount of plastic packaging waste 
from Icelandic homes making it to material recycling decreased between 2016 and 
2018. This has been traced to changes in the plastic waste market of Europe after 
China stopped importing waste from Europe (Gyða S. Björnsdóttir, 2019). This has 
made the supply of plastic waste on the continent increase much more than the 
demand for recycled plastic, which means that it has become more difficult to sell 
plastic waste to material recyclers. This scenario explores what would happen if the 
amount of plastic collected for recycling continued to increase while the amount 
being materially recycled also increased. 

Rigid regulation exists on the use of recycled plastic in food packaging, both in 
Europe and the US (Center for Food Safety and Applied Nutrition, 2006; 
European Food Safety Authority, n.d.). Also, in general, the quality of plastic is 
reduced when it is recycled. For these two reasons, recycled plastic cannot be 
expected to fully replace virgin plastic in the production of packaging that is 
comparable to the packaging in the meal kit. However, it can be expected to be 
used in other plastic objects if a market exists for the recycled plastic 
pellets/sheets. For this reason, it is assumed that the production of recycled plastic 
in the life-cycle replaces production of plastic from virgin materials. 

Data on recycling and replaced virgin plastic were based on process data from 
ecoinvent. Due to lack of data on recycled LDPE a replacement was made with data 
on recycled HDPE. 

6.3.1 Assumptions 

This scenario bases on three assumptions which diverge from the assumptions 
underlying the baseline scenario. The assumptions underlying the baseline 
scenario are listed in Chapter 4.8. 

• Percentage of plastic in mixed domestic waste is assumed to decrease to 

12%, while the same weight of plastic and same weight of other waste are 

disposed of in the Capital Region, giving an increase in plastic sorted and a 

decrease in the weight of mixed domestic waste corresponding to the 

decrease in plastic content. 

• Half of the plastic collected is sent to recycling rather than incineration. 

• It is assumed that the production of recycled plastic in the life-cycle replaces 

production of plastic from virgin materials. 

6.3.2 Results 

Table 6.5 and Figure 6.9 on the next pages show the different environmental 
impacts of the recycling scenario and how they compare with the impacts of the 
baseline scenario. In Figure 6.9, the highest column in each category indicates the 
scenario with the highest impact. In the climate change categories, the columns 
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show impacts relative to the total impact of the baseline scenario to illustrate 
better the difference between the climate change contributions of the different 
sources of climate change impact. 

 

 

 

Table 6.5 Total life-cycle impacts of one meal kit’s plastic packaging. 

Impact 
category 

Reference 
unit Baseline 

Less landfilling 
with recycling % change 

Climate 
change: 
biogenic kg CO2-Eq 9.73E-04 9.21E-04 -5.28% 
With avoided 
biogenic CO2 kg CO2-Eq -8.77E-03 -1.86E-02 112.11% 
Climate 
change: fossil kg CO2-Eq 3.19E-01 3.05E-01 -4.35% 
Climate 
change: Land 
use and land 
use change kg CO2-Eq 7.92E-07 7.88E-07 -0.49% 
Climate 
change: Total kg CO2-Eq 3.20E-01 3.06E-01 -4.36% 
With biogenic 
CO2 kg CO2-Eq 3.11E-01 2.87E-01 -7.64% 
Freshwater and 
terrestrial 
acidification mol H+-Eq 1.54E-03 1.43E-03 -7.15% 
Freshwater 
ecotoxicity CTU 2.69E-01 3.30E-01 22.65% 
Freshwater 
eutrophication kg P-Eq 8.20E-05 7.53E-05 -8.14% 
Marine 
eutrophication kg N-Eq 3.84E-04 3.31E-04 -13.83% 
Terrestrial 
eutrophication mol N-Eq 3.10E-03 2.94E-03 -5.23% 
Carcinogenic 
effects CTUh 3.63E-09 3.37E-09 -7.24% 
Ionizing 
radiation kg U235-Eq 2.81E-02 3.13E-02 11.22% 
Non-
carcinogenic 
effects CTUh 2.09E-08 2.00E-08 -4.60% 
Ozone layer 
depletion kg CFC-11-Eq 1.79E-08 1.78E-08 -0.87% 
Photochemical 
ozone creation kg NMVOC-Eq 1.05E-03 9.72E-04 -7.82% 
Respiratory 
effects, 
inorganics 

Disease 
incidence 1.28E-08 1.15E-08 -10.36% 
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Resources: 
Dissipated 
water) m3 water-Eq 2.21E-01 2.08E-01 -5.99% 
Resources: 
Fossils MJ 6.64E+00 5.82E+00 -12.37% 
Resources: 
Land use points 4.03E-01 3.76E-01 -6.53% 
Resources: 
Minerals and 
metals kg Sb-Eq 1.17E-06 1.10E-06 -6.14% 

 

 

Figure 6.9 Less landfilling with recycling and baseline scenarios compared. 

The results show a somewhat more significant reduction in environmental impacts 
than in the incineration scenario, while not countering the reusable scenario. 
Fossil depletion is decreased by 12.37% while climate change impact is reduced by 
4.36%, 7.64% with avoided emissions of biogenic CO2. Marine eutrophication is 
reduced by 13.83%, due to less landfilling and therefore less emissions of 
ammonium and nitrate, while freshwater ecotoxicity is increased by 22.65%, due 
to increased incineration, which increases emissions of antimony, vanadium and 
other chemicals which can be toxic to freshwater ecosystems. 

Hotspot analysis 

More recycling and subsequent displacement of virgin plastic from other products 
leads to a proportionally heavier impact of the resource extraction phase on the 
life-cycle, reflected in that 82.44% of the fossil depletion stems from that phase of 
the life-cycle. Despite the proportional differences, this phase depletes the same 
amount of fossil fuels as in the incineration scenario, which means that other 
phases are depleting less fossil fuels. 
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This is reflected in process contributions as shown in Figure 6.10. 15.3% of fossil 
depletion stems from the production of LDPE outside Europe, and 7.56% stems 
from LDPE produced inside Europe. 14.42% stems from production of the PET 
precursor xylene outside Europe, and 7.12% inside Europe. 6.75% stems from hard 
coal mine operation in China. The remaining 48.85% of the life-cycle’s fossil 
depletion stem from other processes, mainly production of fossil fuels. 

The main contributing flows are depletion of crude oil, 39.5%, and depletion of 
natural gas, 28.77%, as shown in Figure 6.11. 

 

Figure 6.10 Main process contributors to fossil depletion. The denominator is the 
percentage of MJ used in the life-cycle. 

 

Figure 6.11 Main flow contributors to fossil depletion. The denominator is the 
percentage of MJ used in the life-cycle. 
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The effect of more recycling is also seen in climate change impact, where 61.75% 
stems from the material extraction phase. The processes contributing the most to 
climate change impact are production of plastic (LDPE, outside Europe, 9.1%, 
inside Europe, 4.5%), and plastic precursors (xylene, outside Europe, 8.1%, inside 
Europe 4%, ethylene, outside Europe, 3.12%), energy production (heat production, 
in a hard coal industrial furnace outside Europe, 3.42%, in a natural gas industrial 
furnace outside Europe, 1.56%, and inside Europe, 1.42% and hard coal mine 
operation in China, 2.21%), transport of packaging to Iceland, 3.25%, and 
incineration of plastic waste in Sweden (PET, 6.12%, PE, 4.5%). These impacts are 
countered by avoided incineration of untreated wood, -0.04%, -4.75% with avoided 
biogenic CO2 emissions, as shown in Figure 6.12 below. The main flow contributor 
to climate change impact was CO2 emissions, 85.65%, 84.94% with avoided 
biogenic CO2 emissions from incinerated wood. 

 

 

Figure 6.12 Main process contributors to climate change impact, in kg CO2 eq, of 
one meal kit’s plastic packaging. Total climate change impact of life-cycle is    
3.06E-01 kg CO2 eq., 2.87E-01 with biogenic CO2. 

6.4 Comparison of scenario results 

Table 6.6 illustrates the difference between the scenario results. Percent change 
columns indicate percent change from baseline scenario. The differences are 
further illustrated in Figure 6.13. The height of the columns in the climate change 
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categories are relative to the highest total value, which is in the Less landfilling 
scenario. In the other categories, the column heights are relative to value amounts 
within that category, higher columns indicate worse environmental effects. The 
most drastic mitigation of plastic packaging in meal kits comes from a change to 
reusable packaging, with a modest change resulting from more recycling. The less 
landfilling scenario, which assumes more plastic being incinerated, mitigates most 
impacts to a lesser degree than the reusable and recycling scenarios, showing a 
slight increase in climate change impact. 

 

Table 6.6 Comparison of scenario results
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Impact category 
Reference 
unit Baseline Reusable 

% 
change 

Less 
landfilling 

% 
change 

Less landfilling 
with recycling 

% 
change 

Climate change: Total kg CO2-Eq 3.20E-01 9.31E-02 -70.93% 3.57E-01 11.51% 3.06E-01 -4.36% 
With avoided biogenic CO2 kg CO2-Eq 3.11E-01 8.97E-02 -71.12% 3.18E-01 2.43% 2.87E-01 -7.64% 
Freshwater and terrestrial 
acidification mol H+-Eq 1.54E-03 4.43E-04 -71.28% 1.49E-03 -3.05% 1.43E-03 -7.15% 
Freshwater ecotoxicity CTU 2.69E-01 1.55E-01 -42.33% 4.68E-01 73.54% 3.30E-01 22.65% 
Freshwater eutrophication kg P-Eq 8.20E-05 3.47E-05 -57.72% 7.66E-05 -6.52% 7.53E-05 -8.14% 
Marine eutrophication kg N-Eq 3.84E-04 3.40E-04 -11.26% 3.41E-04 -11.11% 3.31E-04 -13.83% 
Terrestrial eutrophication mol N-Eq 3.10E-03 1.01E-03 -67.31% 3.05E-03 -1.69% 2.94E-03 -5.23% 
Carcinogenic effects CTUh 3.63E-09 2.91E-09 -19.89% 3.48E-09 -4.28% 3.37E-09 -7.24% 
Ionizing radiation kg U235-Eq 2.81E-02 7.19E-03 -74.42% 2.64E-02 -5.91% 3.13E-02 11.22% 
Non-carcinogenic effects CTUh 2.09E-08 3.78E-08 80.58% 2.04E-08 -2.81% 2.00E-08 -4.60% 
Ozone layer depletion kg CFC-11-Eq 1.79E-08 7.41E-09 -58.73% 1.72E-08 -4.05% 1.78E-08 -0.87% 
Photochemical ozone 
creation kg NMVOC-Eq 1.05E-03 2.61E-04 -75.22% 1.03E-03 -2.35% 9.72E-04 -7.82% 
Respiratory effects, 
inorganics 

Disease 
incidence 1.28E-08 4.77E-09 -62.68% 1.21E-08 -5.36% 1.15E-08 -10.36% 

Resources: Dissipated 
water) m3 water-Eq 2.21E-01 4.66E-01 111.05% 2.07E-01 -6.31% 2.08E-01 -5.99% 
Resources: Fossils MJ 6.64E+00 1.29E+00 -80.60% 6.32E+00 -4.83% 5.82E+00 -12.37% 
Resources: Land use points 4.03E-01 2.03E-01 -49.64% 3.75E-01 -6.95% 3.76E-01 -6.53% 
Resources: Minerals and 
metals kg Sb-Eq 1.17E-06 4.43E-07 -62.30% 1.11E-06 -5.46% 1.10E-06 -6.14% 
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Figure 6.13 Scenario results compared. 
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7  Discussion 

 

7.1 Summary 

In the first two chapters it was outlined how single-use plastic packaging in meal 
kits relates to environmental problems like climate change, fossil depletion and 
plastic pollution. It was hypothesized that the following changes would improve 
the environmental impacts; 

• replacing single-use packaging with a reusable packaging system, 

• increase incineration of plastic waste, and 

• increase material recycling of plastic waste. 

The results indicate that a change to reusable packaging mitigates significantly 
most of the environmental impact metrics in ILCD 2.0. The change reduces both 
the climate change impact and fossil depletion. This is due to a general decrease in 
material needs in the life-cycle. For parts of the life-cycle, however, material needs 
did increase. The reusable packaging system requires more soap, with some of its 
ingredients being heavy contributors to the climate change impact and fossil 
depletion of the life-cycle, as shown in Chapter 6.1.13. 

The life-cycle change towards more incineration showed a modest mitigation of 
fossil depletion while increasing slightly climate change impact. This was despite 
the fact that the plastic was assumed to replace logging residues in heat and 
electricity generation. Incineration particularly increased climate change impact 
and freshwater ecotoxicity. Although energy production from incinerating plastic 
increases the use value of the plastic packaging, it does not reduce its 
environmental impact in this case. It didn’t improve on the environmental impacts 
of landfilling, and it replaced logging residue in energy production which has less 
impact on the environmental metrics in this thesis. 

The final scenario indicated that more material recycling would have modest 
environmental benefits on most ILCD metrics. This was the case for the most 
critical environmental impacts, climate change impact and fossil depletion. But 
less critical impacts were also mitigated, particularly marine eutrophication. The 
mitigation of environmental impacts is explained by the recycled material 
replacing production of virgin plastics, giving a system which improves on the 
environmental implications of landfilling. 

These findings suggest that reusable packaging and increased material recycling 
would improve the environmental impact of plastic packaging in Icelandic meal 
kits. However, they should not be generalized outside this specific context, for 
instance to show the merits of all plastic recycling or all reusable packaging, unless 
supported with additional evidence. Likewise, these findings do not cover all the 
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diverse environmental impacts which meal kit packaging might have, or their 
social and economic implications. 

The drastic reduction in environmental impact of the reusable system is due to the 
packaging being reused repeatedly for three years, with the estimated average 
number of uses calculated as 73.57 times. This reduces the environmental impacts 
even though the reusable packaging is heavier. Overall the reusable system 
demands much less fossil resources for the production of plastic per meal kit, 0.43 
MJ instead of 4.88 MJ in the baseline scenario, 91.25% reduction. This particularly 
reduces the environmental impacts of plastic production, but also the impacts of 
the packaging’s transport to Iceland and end-of-life. 

7.2 The results in the context of past research 

The normalization of the results found that their most significant environmental 
impacts were fossil depletion and climate change impact. The contribution to fossil 
depletion was a given, as plastics are predominantly produced from fossil 
resources (European Bioplastics, 2018; Plastics Europe, 2018a). As for the climate 
change impact, there have been two recent warnings of plastics’ increasing 
contribution to climate change from analyses of plastics in the world economy 
(Ellen MacArthur Foundation, 2017; Zheng & Suh, 2019). In previous life-cycle 
assessments of meal kits, the contribution of packaging to the climate change 
impact ranged from 7% (Heard et al., 2019) to 50% (Fenton, 2017). 

The positive outcomes of the reusable scenario fit to varying degrees with facets of 
the reusable packaging review by Wood & Sturges (2010). Short distances are 
driven per meal kit, which fits with Wood & Sturges’s findings, which showed that 
reusable packaging systems are better when they involve short distances driven per 
reuse cycle. The reusable scenario in this thesis had lower impacts even when two 
routes were assumed, one for delivering meal kits and another to pick up 
packaging, and even when average distances between deliveries were multiplied to 
16 km, which is close to being the longest cross-distance in the Capital region. 
Likewise, the number of reuse cycles in this thesis is higher than what was usually 
needed for an environmental benefit in the studies reviewed by Wood & Sturges. 
However, the reusable packaging in the reusable scenario of this thesis was made 
of virgin plastic and there was no material recycling involved, which tends to tip 
the scales in favor of single-use packaging according to Wood & Sturges. As for 
newer studies, the results are in line with Wood & Sturges, which suggest that 
reusable plastic packaging is favorable to single-use alternatives (Accorsi et al., 
2014; Gallego-Schmid et al., 2019; Harnoto, 2013). 

Previous studies of meal kits have not given any verdicts on the benefits of 
incineration. As for studies on plastic incineration in general, the results have 
found incineration to be better for the environment than landfilling, while this 
thesis found an increase in climate change impact, with the benefit to most other 
metrics being less than 10%. The difference might be due to the choice of avoided 
burdens in the models. This thesis uses untreated wood as an avoided burden due 
to Sweden’s reliance on that energy source, while studies on plastic waste 
incineration have usually used fossil fuels as avoided burden (Antelava et al., 
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2019). As noted in Chapter 6.2, logging residues have diverse environmental 
benefits when left on the forest floor (Giuntoli et al., 2015; Ranius et al., 2018). 
Therefore, a more broadly-scoped environmental assessment might find plastic 
incineration favorable to incineration of wood products. 

The modest benefits of recycling to the system are akin to the findings of Heard et 
al. (2019) who found a 14% reduction of a whole meal kit’s impact by increasing 
recycling of the packaging. It is also the general verdict that recycling plastic is 
better than landfilling, although the most recommended treatment in a recent 
review is pyrolysis, which is changing plastic into “carbonized solid char, 
condensable hydrocarbon oil and a high calorific value (CV) gas” by heating it to 
350-900°C in an inert atmosphere (Antelava et al., 2019, p. 232). 

In general, this thesis is a small addition to the literature on reusable packaging 
systems. It can serve as a building block into the knowledge we have on the 
contexts for which reusable packaging is appropriate and how reusable packaging 
systems can be designed for environmental efficacy. In an Icelandic context, the 
research is an addition to the limited literature on meal kits, plastic and reusable 
packaging. It updates previous work on the interaction between the plastic waste 
processing system in Iceland’s Capital region and the waste processing system of 
other countries. 

The results suggest that reusables can drastically limit the environmental impacts 
of plastic packaging in meal kits, but more research is needed on all aspects of 
reusables in this context. The results also show what the implications of changes in 
the treatment of plastic waste can have on the environmental impact of meal kit 
packaging. 

7.3 Limitations of the study 

The main limitation of this thesis is the lack of uncertainty analysis. Uncertainty 
analysis would have given a better idea of the significance of scenario differences 
and the upper and lower limits of different impacts. This type of analysis was left 
out due to the limited scope of this thesis. Reviews of LCAs tend to stress the 
importance of addressing uncertainty in results and complain about how many 
studies leave uncertainty out. 

Another important limitation is the lack of practical sides to the study. Especially 
the lack of tests of practical challenges to using reusable packaging, such as 
consumer acceptance and the ease of implementation within a meal kit company. 
The study also lacks an assessment of the economic feasibility of switching to 
reusable packaging. Practical tests and economic assessments give more robust 
basis for suggestions of improvement in LCAs, further ensuring that the solutions 
are designed to work in real life. 

A related shortcoming of the study is the scant primary data from meal kit 
companies. For this reason, assumptions were made for transportation processes 
related to the meal kit company. The lack of primary data on meal kit companies 
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seems to be shared with other studies on the subject (Fenton, 2017; Heard et al., 
2019). 

The study suffers from being static in a rapidly changing waste processing 
environment.  The situation modeled is based on the situation in 2017 and it 
makes a limited number of scenario analyses for potential changes in The Capital 
region’s waste processing. Importantly, it does not model the potential effects of a 
new waste processing plant for the Capital region which will open in the year 2020 
and drastically decrease the amount of waste which needs to be landfilled (Sorpa, 
2019a; Sorpa, 2019b). 

Packaging can impact food waste in a variety of ways, such as when packaging is 
difficult to empty or when it is inappropriate for the food being stored (Wohner, 
Pauer, Heinrich, & Tacker, 2019). For this reason, any environmental assessments 
of food packaging should consider the extent to which it prevents or causes waste 
of food. The interplay between packaging and food waste was not integrated into 
the study design except in one respect, namely the packaging chosen for the 
reusable system had a flat bottom and no sharp corners, which enables easy 
emptying. But the impacts of this design on food waste were not measured or 
estimated in any way. 

The study assumed the plastic in the packaging to be free of fillers or additives, due 
to lack of data on which to base estimates. This is a common fault of plastic LCA’s 
(Civancik-Uslu et al., 2018) and could impact studies in the field significantly. 

The modelling of the plastic also suffers from lack of specific data on some of the 
plastic types, which was solved by using data for related types of plastic. Also, the 
packaging of the baseline scenario included four types of plastic which was reduced 
to two in the LCA model. 

Only plastic packaging provided by the meal kit company was modeled, which 
means that most packaging of meat and fish in the meal kits is excluded. These 
usually come in original packaging from manufacturers of the meat and fish 
products. As there can be a multitude of companies providing meat and fish for the 
meal kits it was expected that any results regarding them in a meal kit context 
would be of little use as there would be too many different companies making 
decisions about appropriate packaging for their product. A better way to find ways 
to limit environmental impacts of packaging for meat and fish products would be 
to focus on packaging for a specific meat or fish product type, and taking into 
account the specific threats to quality and safety of said product. 

The CNG powered garbage trucks in Reykjavík municipality were modelled on data 
on US fleets and fuel from GREET. As standards on vehicles and fuels differ 
between the US and Europe, the chances of this data to be unrepresentative for the 
life-cycle under study are higher than for the rest of the data underlying the study. 

Geothermal energy production was modelled on ecoinvent datasets based on the 
production methods in Switzerland, which differ from the meethods used in 
Iceland (Marta Rós Karlsdóttir et al., 2015). 
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Another fault of the study is the assumption on how long reusable packaging lasts. 
The assumption is not based on any studies on how long plastic packaging lasts, or 
technical specifications, instead being based on the author’s guess on the 
minimum time that plastic containers in households last, based on his own 
experience. 

The recycling scenario does not explicitly model the amount of plastic packaging 
which would be deemed unfit for recycling, for instance because of its small size. 
The ecoinvent data do, though, include an estimated amount of plastic which in 
general is not sent to recycling. 

Lastly, the reusable scenario suffers from a lack of assessment of what it would 
have meant for the results if the packaging would have weighted more, or less. 
Likewise, the loss rate assumed for the scenario was based on little evidence and 
would have been more reliable if more data was available. 

7.4 Suggestions for future research 

As meal kits have become a substantial part, but nowhere near dominant, of 
Western food systems it is important to research ways to reduce their 
environmental impact. This is the first study to assess the environmental impacts 
of using reusable packaging in meal kits. Further studies are needed, particularly 
those which take the practical and economic factors into the equation. But also, 
studies that build on more primary data from meal kit companies and take food 
waste into account. There is also a need to do further research on the difference in 
environmental impacts of meal kits and groceries, as the studies are few and they 
do not fully agree on which system is better for the environment. 

There is also a need for analyses of the effects of delivery services on people’s 
commuting practices. For example, whether car-owning households drive less the 
more they use delivery services, or whether there is a correlation between number 
of cars per household and use of delivery services. Another important subject in 
need of more research is whether people substitute car ownership for increased 
use of deliveries. These studies should preferably be long term to give better 
evidence of whether correlations between delivery services and commuting 
practices are causal relations. 

Another need concerns the establishment of rules of thumb for estimates of 
additives in plastic LCAs. In general, LCAs involving plastic assume that there are 
no additives as it can be difficult to get information on additives from plastic 
manufacturers. Therefore, it needs to be explored what are safe assumptions for 
plastics in general, specific plastic types and plastics for particular uses. Better 
estimates of additives in plastics could radically alter the outcomes of plastic LCAs. 
Estimates do exist, but they are old and lack the degree of thoroughness to be of 
benefit for LCIs (Wypych, 1999). 

This thesis focused on a limited number of plastic resins which are not 
representative of typical plastic waste in Iceland. For this reason, the results 
regarding incineration of plastic for energy production should not be generalized 
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for all plastic waste in Iceland. Nevertheless, the results indicate that this is 
something that might need a closer look in further studies, perhaps comparisons 
on which types of energy systems benefit the most from plastic incineration 
replacing other energy sources.  

A more broadly scoped study on the implications of replacing logging residues with 
plastic waste for energy production is needed. Likewise, incineration of plastic and 
logging residue has environmental implications that fall outside the scope of 
LCA’s, as well as social and economic implications. For this reason, this research 
problem should be tackled using a method designed for complex problems along 
those lines, such as multiple-criteria decision analysis.  
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8 Conclusion 

 

This thesis has identified a diverse array of environmental impacts stemming from 
the life-cycle of single-use plastic packaging in meal kits. Most critical are the 
packaging’s impact on fossil depletion and climate change. The results suggest that 
impacts are mitigated by switching to reusable packaging. Increased recycling 
gives modest benefits. Increased incineration decreases modestly fossil depletion 
and most LCIA metrics while increasing slightly climate change impact. 

The importance of the findings should be viewed in the context of both past 
research and the environmental problems under discussion. As for the studied 
packaging’s criticality for climate change and fossil depletion, it should be kept in 
mind that the packaging is only a part of the environmental impact of meal kits. 
Meal kits are currently not a dominant part of world food systems. However, world 
food systems are one of the biggest contributors to climate change and the 
depletion of fossil resources.  

The limited research output on meal kits suggests a net environmental benefit over 
conventional groceries, but more studies are needed to determine how the 
environmental impacts of these two food systems compare in general, and under 
what conditions one system is preferable to the other. While past analyses of the 
matter suggest an environmental benefit of meal kit services, there are always 
opportunities for improvement. This thesis might help pave the ground for a 
knowledge base on best practices in green design of meal kit services. 
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Appendix: Inventory data 

The following tables list parameters used in the life-cycle inventory and sources 
they are based on. Also listed are Ecoinvent processes, and in one case a GREET 
process, used to model emissions and resource use relevant to each parameter. 
Dates in brackets show what time frame the source is based on. Brackets with 
more than one date denote a synthesis of information from more than one date or 
older data which has been updated. The latter is usually the case with Ecoinvent 
processes. 

 

Baseline scenario 

Table A.1 Production and transportation to Iceland 

Parameter Amount Unit Sources / Ecoinvent process 
PET granulate 43.14 g Ecoinvent process: “Market for 

polyethylene terephthalate, granulate, 
amorphous, global” [2018] 

Extruded PET film 42.10 g Ecoinvent process: “Market for 
extrusion, plastic film, global” [2011, 
2018] 

PET containers, 
weight 

41.13 g Ecoinvent process: “Market for 
thermoforming, with calendering, 
global” [2018], own calculations 

LDPE granulate 21.07 g Ecoinvent process: “Market for 
polyethylene, low density, granulate, 
global” [2018] 

LDPE bags, weight 20.56 g Ecoinvent process: “Market for 
extrusion, plastic film, global” [2018], 
own calculations 

Sea transport 
Guangzhou to 
Rotterdam 

18,137.33 km (SeaRates, n.d.) [2018], Ecoinvent 
process: “Transport, freight, sea, 
transoceanic ship, global” [2000, 2018] 

Sea transport 
Rotterdam to 
Reykjavík 

2237 km (Eimskip, n.d.) [2018], Ecoinvent 
process: “Transport, freight, sea, 
transoceanic ship, global” [2000, 2018] 
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Table A.2 Supplier and meal kit phases 

Parameter Amount Unit Sources 
Transport harbor 
to supplier 

7.53 km Ja.is [2018], Ecoinvent process: 
“Transport, freight, lorry, all sizes, 
EURO3 to generic market for transport, 
freight, lorry, unspecified, Europe” [2015, 
2018] 

Transport supplier 
to meal kit 
company 

7.23 km Ja.is [2018], Ecoinvent process: 
“Transport, freight, light commercial 
vehicle, Europe without Switzerland” 
[2005, 2018] 

Meal kit, weight, 
average 

3.5 kg (employee of meal kit company, personal 
communication, 16th of May 2018) 

Distance between 
deliveries, meal kit 
company 

1.6 km (Siikavirta et al., 2002) [1998-2001], 
Ecoinvent process: “Transport, freight, 
light commercial vehicle, Europe without 
Switzerland” [2005, 2018] 

  

Table A.3 Domestic plastic waste end-of-life, Capital region 2017 

EoL scenario Tons Percentage 
Landfilling 6228.076 87.5% 
Incineration/Recycling 890 12.5% 

Plastic bin 261 3.67% 
Neighborhood recycling point [grenndargámur] 176 2.47% 
Recycling station [endurvinnslustöð] 441 6.2% 
Div. from mixed waste stream 12 0.17% 
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Table A.4 Percentages of mixed waste in Gufunes stemming from different 
municipalities 

Parameter Amount Unit Sources 
   Apply to all percentages below: 

(personal communication, Eygerður 
Margrétardóttir, head of environment 
and waste management in Reykjavík, 
8th of June 2018) [2017], (Gyða S. 
Björnsdóttir, 2017) [2015, 2016], 
(personal communication, Ishmael 
Roberto David, civil engineer for 
Hafnarfjörður municipality, 19th of July 
2018) [2017], own calculations 

Reykjavík 55.45 %  
Kópavogur 16.83 %  
Garðabær, 
Hafnarfjörður, 
Mosfellsbær, 
Seltjarnarnes 
(grouped together 
due to similar 
processes) 

27.72 %  

 

Table A.5 Transport of waste from homes in Reykjavík to Gufunes, parameters 

Parameter Amount Unit Sources 
CNG use 177,050 m3/year (personal communication, Anna Rósa 

Böðvarsdóttir, head of quality control in 
Reykjavík, 11th of June 2018) [2017], 
GREET process: “Compressed natural 
gas: Refuse trucks” [2017] 

Mixed waste 17,928.8 t/year (personal communication, Eygerður 
Margrétardóttir, head of environment 
and waste management in Reykjavík, 8th 
of June 2018) [2017] 

Paper waste 3165.33 t/year (personal communication, Eygerður 
Margrétardóttir, head of environment 
and waste management in Reykjavík, 8th 
of June 2018) [2017] 

Plastic waste 
(collected in 
plastic bin) 

261 t/year (personal communication, Eygerður 
Margrétardóttir, head of environment 
and waste management in Reykjavík, 8th 
of June 2018) [2017] 
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Table A.6 Transport of waste from homes in Kópavogur to Gufunes, parameters 

Parameter Amount Unit Sources 
Avg. distance 
driven from 
homes to 
Gufunes 

14.88 km (Gyða S. Björnsdóttir, 2017) [2015, 2016], 
(personal communication, Ishmael Roberto 
David, civil engineer for Hafnarfjörður 
municipality, 19th of July 2018) [2017], own 
calculations, Ecoinvent process: “Municipal 
waste collection service by 21 metric ton 
lorry, Switzerland” [1996, 2018] 

Mixed waste 5443.05 t/year (Gyða S. Björnsdóttir, 2017) [2015, 2016] 
Paper waste 1136.93 t/year (Gyða S. Björnsdóttir, 2017) [2015, 2016] 

 

Table A.7 Transport of waste from homes in Garðabær, Hafnarfjörður, 
Mosfellsbær and Seltjarnarnes to Gufunes, parameters 

Parameter Amount Unit Sources 
Avg. distance 
driven from 
homes to 
Gufunes 

14.88 km Assumption based on (Gyða S. Björnsdóttir, 
2017) [2015, 2016], (personal 
communication, Ishmael Roberto David, 
civil engineer for Hafnarfjörður 
municipality, 19th of July 2018) [2017], own 
calculations, Ecoinvent process: “Municipal 
waste collection service by 21 metric ton 
lorry, Switzerland” [1996, 2018] 

Mixed waste 8960.15 t/year Assumption based on (Gyða S. Björnsdóttir, 
2017) [2015, 2016], (personal 
communication, Ishmael Roberto David, 
civil engineer for Hafnarfjörður 
municipality, 19th of July 2018) [2017], own 
calculations 

Paper waste 1936.53 t/year Assumption based on (Gyða S. Björnsdóttir, 
2017) [2015, 2016], (personal 
communication, Ishmael Roberto David, 
civil engineer for Hafnarfjörður 
municipality, 19th of July 2018) [2017], own 
calculations 
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Table A.8 Recycling station, parameters 

Parameter Amount Unit Sources 
Homes to recycling 
station, avg. 
distance 

4.47 km Ja.is [2018] 

Trips to recycling 
station by car 

96.71 % Assumption, based on (Bjarni 
Reynarsson, 2018) [2018] 

Ratio of car drive 
attributable to meal 
kit packaging 

1 % Assumption, Ecoinvent process: 
“Transport, passenger car” [2012 / 2018] 

Trips to recycling 
station by foot 

3.29 % Assumption, based on (Bjarni 
Reynarsson, 2018) [2018] 

Recycling station to 
Gufunes, avg. 
distance 

12.41 km (Gyða S. Björnsdóttir, 2018) [2017], 
Ecoinvent process: “transport, freight, 
lorry, all sizes, EURO3 to generic market 
for transport, freight, lorry, unspecified” 
[2015] 

 

Table A.9 Neighborhood recycling point, parameters 

Parameter Amount Unit Sources 
Homes to 
neighborhood 
recycling point, avg. 
distance 

0.76 km Ja.is [2018] 

Trips to recycling 
station by car 

86.85 % Assumption, based on (Bjarni 
Reynarsson, 2018) [2018] 

Ratio of car drive 
attributable to meal 
kit packaging 

1 % Assumption, Ecoinvent process: 
“Transport, passenger car” [2012, 2018] 

Trips to recycling 
station by foot 

13.15 % Assumption, based on (Bjarni 
Reynarsson, 2018) [2018] 

Recycling station to 
Gufunes, avg. 
distance 

12.41 km (Gyða S. Björnsdóttir, 2018) [2017], 
Ecoinvent process: “transport, freight, 
lorry, all sizes, EURO3 to generic 
market for transport, freight, lorry, 
unspecified” [2015] 
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Table A.10 Gufunes waste processing, blowers, parameters 

Parameter Amount Unit Sources 
Electricity 10 kWh/t of 

recovered 
plastic 

(Gyða S. Björnsdóttir, 2018) 
[2017], Ecoinvent process: 
“Electricity, high voltage, 
production mix, Iceland” [2017, 
2018] 

Input mixed 
waste 

32,332 t/year (Gyða S, Björnsdóttir, 2018) [2017] 

Plastic diverted 
from waste 
stream 

12 t/year (Gyða S. Björnsdóttir, 2018) [2017] 

 

Table A.11 Gufunes, magnets, parameters 

Parameter Amount Unit Sources 
Input mixed waste 31,220 t/year (Gyða S. Björnsdóttir, 2018) 

[2017] 
Metals diverted from waste 
stream 

1100 t/year (Gyða S. Björnsdóttir, 2018) 
[2017] 

 

Table A.12 Gufunes, grinders, parameters 

Parameter Amount Unit Sources 
Electricity 6.21 kWh/t 

of waste 
(Gyða S. Björnsdóttir, 2018) [2017], 
Ecoinvent process: “Electricity, high 
voltage, production mix, Iceland” 
[2017, 2018] 

Input mixed 
waste 

31,220 t/year (Gyða S. Björnsdóttir, 2018) [2017] 

Input bulky 
waste & painted 
wood 

53,780 t/year (Gyða S. Björnsdóttir, 2018) [2017] 

 

Table A.13 Gufunes, baling before landfill, parameters 

Parameter Amount Unit Sources 
Electricity 5.5 kWh/t of 

waste 
(Gyða S. Björnsdóttir, 2018) [2017], 
Ecoinvent process: “Electricity, high voltage, 
production mix, Iceland” [2017, 2018] 

Input waste 85,000 t/year (Gyða S. Björnsdóttir, 2018) [2017] 
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Table A.14 Transport Gufunes to Álfsnes landfill site, parameters 

Parameter Amount Unit Sources 
Distance Gufunes 
to Álfsnes 

15.5 km Ja.is, (Sorpa, n.d.), Ecoinvent process: 
“Transport, freight, lorry, all sizes, 
EURO3 to generic market for transport, 
freight, lorry, unspecified, Europe” 
[2015, 2018] 

Landfilled PET 
waste from 
containers 

35.99 g/meal 
kit 

Ecoinvent process: “Treatment of waste 
polyethylene terephthalate, sanitary 
landfill, Switzerland” [2000, 2018] 

Landfilled LDPE 
waste from 
grouping bags 

17.99 g/meal 
kit 

Ecoinvent process: “Treatment of waste 
polyethylene, sanitary landfill, 
Switzerland” [2000, 2018] 

 

Table A.15 Gufunes, baling before recycling, parameters 

Parameter Amount Unit Sources 
Electricity 5.5 kWh/t of 

waste 
(Gyða S. Björnsdóttir, 2018) [2017], 
Ecoinvent process: “Electricity, high voltage, 
production mix, Iceland” [2017, 2018] 

Plastic 
waste 

890 t/year (Gyða S. Björnsdóttir, 2018) [2017] 

 

Table A.16 Transport of plastic waste to Sweden and incineration, parameters 
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Parameter Amt. Unit Sources 
Distance Gufunes 
to harbor 

6.8 km Ja.is, Ecoinvent process: “Transport, 
freight, lorry, all sizes, EURO3 to generic 
market for transport, freight, lorry, 
unspecified, Europe” [2015, 2018] 

Distance Reykjavík 
harbor to Varberg 

3583 km (Samskip, n.d.-a, n.d.-b), Ecoinvent 
process: “Transport, freight, sea, 
transoceanic ship, global” [2000, 2018] 

Distance Varberg to 
Gothenburg 

69 km Google Maps, Ecoinvent process: 
“Transport, freight, lorry, all sizes, 
EURO3 to generic market for transport, 
freight, lorry, unspecified, Europe” [2015, 
2018] 

Final waste 
treatment of PET 
from containers 

5.14 g/meal 
kit 

Ecoinvent process: “Market for waste 
polyethylene terephthalate, Sweden” 
[2018] 

Final waste 
treatment of LDPE 
from grouping bags 

2.57 g/meal 
kit 

Ecoinvent process: “Market for waste 
polyethylene, Sweden” [2018] 

Avoided 
incineration of 
wood 

-
19.58 

g/meal 
kit 

Ecoinvent process: “Treatment of waste 
wood, untreated, municipal incineration 
with fly ash extraction, Switzerland” 
[2012, 2018] 

 

Reusable scenario 

Table A.17 Production of packaging 

Parameter Amount Unit Sources / Ecoinvent process 
PP granulate 0.99 g/meal 

kit 
Ecoinvent process: “Market for 
polypropylene, granulate, global” [2011, 
2018] 

Extruded PP 
film 

0.97 g/meal 
kit 

Ecoinvent process: “Market for extrusion, 
plastic film, global” [2011, 2018] 

PP containers, 
weight 

0.94 g/meal 
kit 

Own calculations, Ecoinvent process: 
“Market for thermoforming, with 
calendering, global” [2018], own 
calculations [2018] 

Nylon 2.69 g/meal 
kit 

Ecoinvent process: “Market for nylon 6-6, 
global” [2011, 2018] 

Nylon bags, 
weight 

2.62 g/meal 
kit 

Own calculations, Ecoinvent process: 
“Market for extrusion, plastic film, global” 
[2011, 2018], own calculations [2018] 
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Table A.18 Meal kit company 

Parameter Amt. Unit Sources / Ecoinvent process 
PP containers 69.77 g Own calculations 
Nylon bags 192.86 g Own calculations 
Avg. % of wash 
cycles per pack. (for 
norm. flows relating 
to washing of pack.) 

92.5 % Own calculations based on 
(Lindell, 2008) [2008] 

Water use in dishw., 
norm. for % of pack. 
washed every time 

2.14 l/ 
meal kit 

Own calculations, (Arendorf et 
al., 2014) [2014], (Lindell, 2008) 
[2008], Ecoinvent process: 
”Market for wastewater, average, 
Europe without Switzerland” 
[2012, 2018] 

Wastewater dishw., 
norm. for % of pack. 
washed every time 

2.14 l/ 
meal kit 

Own calculations, (Arendorf et 
al., 2014) [2014], (Lindell, 2008) 
[2008], Ecoinvent process: 
”Market for tap water, Europe 
without Switzerland” [2011, 
2018] 
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Electricity use 
in dishw., 
norm. for % of 
pack. washed 
every time 

0.16 kWh/ 
meal kit 

Own calculations, (Arendorf et al., 
2014) [2014], (Lindell, 2008) [2008], 
Ecoinvent process: “Electricity, high 
voltage, production mix, Iceland” [2017, 
2018] 

Dishw. powder, 
norm. for % of 
packaging 
washed every 
time 

2.31 g/ 
meal kit 

Own calculations, (Arendorf et al., 
2014) [2014], (Lindell, 2008) [2008], 
Ecoinvent processes: “Market for citric 
acid, global” [2011, 2018], “market for 
EDTA, ethylenediaminetetraacetic acid, 
global” [2011, 2018], “market for fatty 
alcohol sulfate, global” [2011, 2018], 
“market for layered sodium silicate, 
SKS-6, powder, global” [2011, 2018], 
“market for polycarboxylates, 40% 
active substance, Europe” [2018], 
“market for soda ash, light, crystalline, 
heptahydrate, global” [2011, 2018], 
“market for soda ash, light, crystalline, 
heptahydrate, global” [2011, 2018], 
“market for sodium percarbonate, 
powder, Europe” [2018]  

Water use in 
washing 
machine, 
normalized for 
percentage of 
packaging 
washed every 
time 

2.62 l/meal kit Own calculations, Koehler and 
Wildbolz, 2009 (as cited in Medina et 
al., 2015) [2009?],  (Lindell, 2008) 
[2008], Ecoinvent process: ”Market for 
wastewater, average, Europe without 
Switzerland” [2012, 2018] 

Wastewater 
from washing 
machine, 
normalized for 
percentage of 
packaging 
washed every 
time 

2.62 l/meal kit Own calculations, Koehler and 
Wildbolz, 2009 (as cited in Medina et 
al., 2015) [2009?], (Lindell, 2008) 
[2008], Ecoinvent process: ”Market for 
tap water, Europe without Switzerland” 
[2011, 2018] 

Electricity use 
in washing 
machine, 
normalized for 
percentage of 
packaging 
washed every 
time 

0.028 kWh/meal kit Own calculations, Koehler and 
Wildbolz, 2009 (as cited in Medina et 
al., 2015) [2009?], (Lindell, 2008) 
[2008], Ecoinvent process: “Electricity, 
high voltage, production mix, Iceland” 
[2017, 2018] 

Laundry 
detergent, 
normalized for 
percentage of 

2.31 g/meal kit Own calculations, (Medina et al., 2015) 
[2009-2015], Van Hoof et al., 2011 (as 
cited in Medina et al., 2015) [2011?], 
(Lindell, 2008) [2008], Ecoinvent 
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packaging 
washed every 
time 

processes: “Market for alkylbenzene 
sulfonate, linear, petrochemical, global” 
[2011, 2018], “market for bentonite, 
global” [2011, 2018], “market for 
carboxymethyl cellulose, powder, 
global” [2011, 2018], “market for fatty 
alcohol sulfate, global” [2011, 2018], 
“market for layered sodium silicate, 
SKS-6, powder, global” [2011, 2018], 
“market for polycarboxylates, 40% 
active substance, global”, [2011, 2018], 
“market for soda ash, light, crystalline, 
heptahydrate, global” [2011, 2018], 
“market for sodium chloride, powder, 
global” [2011, 2018], “market for 
sodium percarbonate, powder, Europe” 
[2018] “market for sodium sulfate, 
anhydrite, Europe” [2011, 2018], 
“market for zeolite, powder, global” 
[2011, 2018] 
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Table A.19 End of life 

Parameter Amount Unit Sources / Ecoinvent process 
Distance meal kit 
company to recycling 
center 

4.5 km Ja.is (Sorpa, n.d.) [2018], Ecoinvent 
process: “Transport, freight, light 
commercial vehicle, Europe without 
Switzerland” [2005, 2018] 

Loss rate per year 5 % (Lindell, 2008) [2008] 
Percentage of 
packaging sent to 
recycling by meal kit 
company 

85.19 % (Lindell, 2008) [2008], own 
calculations 

Percentage of 
packaging sent by 
customers to waste 
streams analogous to 
baseline scenario 

14.81 % (Lindell, 2008) [2008], own 
calculations 

Nylon in landfill 0.34 g/meal 
kit 

Own calculations, Ecoinvent 
process: “Treatment of waste plastic, 
mixture, sanitary landfill, 
Switzerland” [2000, 2018] 

PP in landfill 0.12 g/meal 
kit 

Own calculations, Ecoinvent 
process: “Treatment of waste 
polypropylene, sanitary landfill, 
Switzerland” [2000, 2018] 

Incinerated nylon 2.28 g/meal 
kit 

Own calculations, Ecoinvent 
process: “Market for waste plastic, 
mixture, Sweden” [2018] 

Incinerated PP 0.83 g/meal 
kit 

Own calculations, Ecoinvent 
process: “Market for waste 
polypropylene, Sweden” [2018] 

Avoided incineration 
of wood 

-6.87 g/meal 
kit 

Own calculations based on heat 
values in Ecoinvent processes, 
Ecoinvent process: “Treatment of 
waste wood, untreated, municipal 
incineration with fly ash extraction, 
Switzerland” [2012, 2018] 
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Less landfilling scenario 

Table A.20 Waste streams, parameters 

Parameter Amount Unit Sources / 
Ecoinvent process 

Total tons of mixed domestic waste, 
Capital region 

32332 t (Gyða S. Björnsdóttir, 
2018) [2017] 

Percentage of mixed domestic waste 
which is plastic in less landfilling 
scenario 

12 % Assumption 

 

Less landfilling with recycling scenario 

Table A.21 Final waste treatment 

Parameter Amount Unit Sources / Ecoinvent process 
PET sent to 
landfilling 

20.52 g Ecoinvent process: “Treatment of waste 
polyethylene terephthalate, sanitary 
landfill, Switzerland” [2000, 2018] 

PET sent to 
recycling 

9.29 g  

Recycled PET 8.25 g Ecoinvent process: “Market for 
polyethylene terephthalate, granulate, 
amorphous, recycled, Europe without 
Switzerland” [2010, 2018] 

Avoided 
production of 
virgin PET 

-8.25 g Ecoinvent process: “Market for 
polyethylene terephthalate, granulate, 
amorphous, global” [2011, 2018] 

Incinerated PET 10.31 g “Market for waste polyethylene 
terephthalate, Sweden” [2018] 

LDPE sent to 
landfilling 

10.26 g Ecoinvent process: “Treatment of waste 
polyethylene, sanitary landfill, 
Switzerland” [2000, 2018] 

LDPE sent to 
recycling 

4.65 g  
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Recycled LDPE 4.39 g Ecoinvent process: “Market for polyethylene, 
high density, granulate, recycled, Europe without 
Switzerland” [2010, 2018]  

Avoided 
production of 
virgin LDPE 

-4.39 g Ecoinvent process: “Market for polyethylene, low 
density, granulate, global” [2011, 2018] 

Incinerated LDPE 5.15 g Ecoinvent process: “Market for waste 
polyethylene, Sweden” [2018] 

Avoided 
incineration of 
wood 

-
39.25 

g Ecoinvent process: “Treatment of waste wood, 
untreated, municipal incineration with fly ash 
extraction, Switzerland” [2012, 2018] 
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