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Sammanfattning 

Befolkningen på jorden fortsätter att öka och en högre livsmedelsproduktion behövs för att 

upprätthålla denna befolkning. Livsmedels produktions systemet håller dock på att förändras 

och en av förändringarna är implementeringen av urbana livsmedels produktion system. 

Även om dessa typer av system har fördelar jämfört med konventionella gårdar är det viktigt 

att ytterligare undersöka hur dessa kan optimeras för att minska den totala miljöpåverkan 

samtidigt som ett mer motståndskraftigt livsmedels produktions system skapas. Två 

separata system observerades, första är en vertikal odling som odlade sallad och det andra 

var en urban odling som odlade svampen ostronskivlingar. Dessa två system undersöktes 

senare för att identifiera möjliga synergier om man ser de två systemen som ett. Fyra 

synergier identifierades; "Koldioxid cykling", användning av "Organiskt avfall", användningen 

av "Använt svamp substrat" och "Ljusöverföring". Alla synergier varierar i potential för att 

minska miljöpåverkan med den största totala potentialen i synergi tre - utnyttjande av 

förbrukat svamp substrat som odlingsmedium i den vertikala odlingen. 

  



 

 

Abstract 

The population on earth is continuing to increase and a higher food production is needed to 

maintain this population. However, the food production system is changing and one of the 

changes is the start implementation of urban food production systems. Even though these 

types of systems have benefits compared to conventional farms it is important to further 

investigate how these can be optimized to reduce the total environmental impact at the same 

time as a more resilient food production system is created. Two separate systems were 

observed, one a vertical farm cultivating lettuce and the second one an urban farm 

cultivating oyster mushrooms, to later investigate possible synergies if viewing the two 

systems as one. Four synergies were identified; “Carbon dioxide cycling”, utilizing “Organic 

waste”, utilizing “Spent mushroom substrate” and “Light transfer”. All synergies variation in 

potential environmental impact reduction with the largest overall potential in synergy three - 

utilizing spent mushroom substrate as growth medium in the vertical farm. 
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1. Introduction 

The global population has risen over the past ten decades with an uptick of nearly 12 

percent between 2011 and 2021 (Our World in Data, n.d.). Concurrently, the percentage of 

undernourished people worldwide has exhibited an increase from 8.2 to 9.3 over the same 

period (Roser, Ritchie and Rosado, 2023a). Particularly striking is the undernourishment in 

Sub-Saharan Africa, where the figure stands as high as 22.5 percent (ibid). Despite this, it is 

estimated that almost 3000 kilocalories are produced per person on the planet in 2018, a 

number that has a net positive increase over the last 57 years, which is an estimated surplus 

of 42.9 percent (Roser, Ritchie and Rosado, 2023b and Dave, 2021). Yet people are being 

undernourished as a result of inequality in food distribution (Roser, Ritchie and Rosado, 

2023b).  

 

One strategy to mitigate these challenges involves the establishment of a more equal and 

just food production system. By decentralizing food production and bringing the production 

closer to the cities, a more reliable food supply can be guaranteed and a more resilient food 

production system is created (Vermeulen, Campbell and Ingram, 2012). However, 

expanding food production may encounter obstacles on two fronts. Firstly, expansion of 

arable land demands deforestation, putting a pressure through land use change (Ritchie and 

Roser, 2019). Secondly, the environmental footprint of food production implies significant 

concerns in relation to climate change. The food production system is estimated to 

contribute to between 20-30 percent of all global annual greenhouse gas emissions (GHGs) 

(Kulak, Graves and Chatterton, 2013). Not only is it emitting GHGs, this production system 

puts pressures on water resources, contributes to eutrophication, and induces land use 

changes (Rockström and Klum, 2012). This is of importance since we have already 

surpassed six out of the nine planetary boundaries (Richardson et al, 2023). Further 

transgressions in the six boundaries of surpassing the remaining three increase the risk of 

compromising the planetary resilience and head toward critical tipping points with potentially 

catastrophic global complications (Rockström and Klum, 2012). 

 

Hence, it is of importance to explore alternative food production systems capable of 

increasing global food production without intensifying environmental pressures, while being 

able to produce food where there is non-arable land. With the aim to fortify both food 

production systems and the ecological resilience of the planet. Urban farms (UF) emerge as 

a promising solution in this regard. UFs come in different shapes and sizes but one of the 

commonly used is vertical farms (VF), VFs are based on farming multiple layers stacked 

vertically and are shown to have multiple benefits compared to conventional open field farms 

(Molin and Martin, 2018). Nevertheless, to further enhance the resilience within food 

systems and mitigate potential environmental repercussions, it is worth delving deeper into 

the possibilities of closed-loop food production systems, wherein material flows are managed 

and optimized. This is in the interest of minimizing waste through increased resource 

efficiency. 
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2. Aim and objectives 

The following thesis is oriented towards fulfilling the aim of investigating the potential 

environmental benefits and drawbacks of symbiosis between vertical farmed lettuce and 

urban cultivated oyster mushrooms. 

 

To achieve this aim, two objectives have been defined and need to be answered. 

 

i. Investigate the vertical farming techniques employed for lettuce cultivation and the 

urban farming practices for mushroom cultivation. This phase aims to build a 

foundation of knowledge about the material flows and potential synergies between 

the two separate systems. 

 

ii. Construct models of different scenarios representing potential symbiosis, 

conducted as a comparative consequential life cycle assessment.  
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3. Background 

The upcoming chapter serves as a theoretical foundation and presents the required 

knowledge to better understand the forthcoming project. 

3.1. Life Cycle Assessment  

Life cycle assessment (LCA) is a tool utilized to assess the potential impact of a product, 

process or organization over its entire lifecycle (Curran, 2015). As illustrated in Figure 1, the 

lifecycle of a product starts off with the raw materials and includes the processes that are 

needed to extract these materials, then the material processing stage follows, where the 

materials are processed in the form that it will later be used in the product. The third step is 

to assemble and manufacture the product. The product is then used before it reaches its 

end-of-life and waste management (Finnveden et al, 2009).  

 

 
Figure 1: Product lifecycle (Curran, 2015) 

 

Nevertheless, it is crucial to recognize that the product can undergo various end-of-life 

pathways, including reuse, remanufacturing, or recycling. These practices should be 

prioritized with the principles outlined in the "Waste Hierarchy" established by the European 

Commission, aimed at maximizing environmental benefits. As illustrated in Figure 2, the 

hierarchy prioritizes prevention as the most favorable approach, followed by reuse, recycling, 

energy recovery, and finally disposal (European Commission, n.d.).  

 

 
Figure 2: European commission waste hierarchy (European Commission, n.d.) 

 

 

 



 

4 

The goal with identifying the potential impacts is to pinpoint the largest potential impacts, 

often referred to as “hotspots”. By identifying these hotspots, measurements to reduce the 

potential impact can be investigated. In this stage, with a better understanding of the system, 

the risk of "burden shifting" can be effectively mitigated. Burden shifting occurs when efforts 

to reduce impacts in one area result in relocation of the potential impacts to another area. To 

avoid burden shifting from one area to another, the new scenario can be modeled in parallel 

and compared with the original scenario to identify the result of the changes. However, it is 

important to know that the impacts that are being investigated are rather potential than 

certain. (Curran, 2015). The reason for the impact being potential and not certain is due to 

the fact that the LCA is not necessarily made for a specific situation with specified conditions 

of the environment, but as a general overview (Hauschild, Rosenbaum and Olsen, 2018).  

 

Since its creation in 1990, the LCA methodology has continuously been developed to what it 

is today. The foundation of the LCA method, as shown in Figure 3, are split up in four main 

stages: "Goal and scope definition”, “Life cycle inventory”, “Impact assessment” and 

“Interpretation”. These sequential stages have been developed in order to promote 

transparency in the process for external actors, as well as to constantly feed back on 

previous steps for continuous development and improvement. The method is a iterative 

process that constant and continuous goes back and follow up the previous stages (Curran, 

2015).  

 

 
Figure 3: The structure of LCA (Curran, 2015) 

Goal and scope definition 

The initial phase of the project entails establishing the reason for the study. This stage is 

important to make it clear what the study is looking at. This process involves determining the 

function of the studied object and defining a corresponding unit of this function to facilitate 

standardized comparisons. While the goal and scope are initially set at the beginning of the 

project, it can be altered during the study as data reveals itself as available or not, to get the 

most accurate result possible. Beside the function and functional unit, the system boundaries 

are determined. The formulation of system boundaries serves to limit the scope of the study, 

clarifying which components are included within the system to fulfill the aim of the study. As 

mentioned above, the focus of the LCA is the whole lifecycle. However, there are scenarios 

where it could be beneficial to only look at some parts of the life cycle and therefore limit 

system boundaries to parts of the life cycle (Curran, 2015). 
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In addition to establishing the goal, scope, and system boundaries, cut-off criteria are set to 

determine what to exclude from within the system boundaries. Given the potential for 

expansion of a system, employing cut-off criteria is essential to delimiting the scope of 

analysis. For instance, producing a product, a machine was needed, which needed a 

machine to be produced, which needed a machine to be produced and so on. Consequently, 

cut-off criteria allows modelers to cut out components from the system that potentially will 

have a small impact. Typically, numerical thresholds are employed to decide the significance 

of the impacts, with values below a predefined threshold being excluded. The base of this 

value can vary depending on the situation and is usually based on metrics such as mass, 

price or energy. However, this is just one alternative, another can be to clearly define what 

parts of the process are excluded beforehand (Curran, 2015). 

 

When the monitored system creates multiple valuable outputs, allocation can be used to split 

up the potential impact on the different outputs. This can be done based on different values 

and has to be chosen on what will fit the specific scenario the best. The different bases that 

usually are used in LCA-studies are mass-, energy- or economical allocation (Curran, 2015).  

 

Assumptions play a crucial role in LCA and are usually made during the upcoming life cycle 

inventory and are clearly stated as a part of the goal and scope definition. They are clearly 

stated to increase the transparency of the text and allow the reader to assess if the 

assumptions made are reasonable or not. Assumptions arise primarily due to lacking data 

required to construct the model. The lack of data can come from reasons such as lack of 

knowledge in an area or budget constraints since it can be an expensive process to gather 

all the data needed (Hauschild, Rosenbaum and Olsen, 2018). 

 

In the final stage of LCA, the method used to assess potential environmental impacts is 

determined, with various datasets and methodologies available for this purpose. Commonly 

used methods in LCA studies include IMPACT2002+, TRACI, CML-IA, ReCiPe, and ILCD. 

These methods not only determine the assessment approach but also influence whether the 

study evaluates midpoint or endpoint impacts. Midpoint impact categories focus on 

pinpointing the specific locations in nature where potential impacts occur and quantifying the 

magnitude of these effects. Instead, endpoint impact categories look into the secondary 

damage of the midpoint impacts, with a focus on their damage to human health, natural 

resources, and natural environment. Since the different methods build upon different values 

and datasets it might add a subjectiveness and should therefore be chosen carefully. To get 

a correct picture of the impacts it is also important to decide whether to include or exclude 

long-term emissions since different GHGs have different impacts on different time horizons 

(Curran, 2015).  

 

 

 

 

 

 

 

 

 



 

6 

Life cycle inventory 

In the life cycle inventory phase, the main objective is to map and model the material flows 

associated with the modeled object. These flows include both operational material flows and 

the required infrastructure necessary to conduct these operations. The flows are also 

determined if they are in relation to the biosphere or technosphere (Curran, 2015). All 

identified flows are compiled and clarified with a table format to enhance clarity. These 

tables not only clarify the existing flows, but also what category they belong to and the size 

in relation to the functional unit (Hauschild, Rosenbaum and Olsen, 2018).  

Impact assessment 

In the subsequent stage, the primary focus is to compile the data gathered during the life 

cycle inventory phase and construct a model in a chosen computer software. The collected 

data is modeled with datasets from a chosen database. There are multiple databases for 

different areas and it is therefore important to choose a fitting database so there are 

database alternatives for the data that has been collected (Curran, 2015). 

Interpretation 

In the final stage of the LCA process, the primary focus is on interpreting the results 

generated by the software, through visualization. The goal here is to provide a clear and 

transparent foundation for future decision-makers to make an accurate decision based on 

assessment of the potential impact (Curran, 2015). One common method for visualizing 

results is through graphs. One version is a characterized graph where datasets are 

compared to each other, with the largest bar fixed to 100 percent. Other bars are then 

visualized as percentages relative to this fixed bar. The bars can also be split up in their 

contribution parts in a contribution analysis. Through a contributional analysis it can be 

visualized how much the potential impact is from each of the contribution parts and how they 

stand in relation to each other (ibid).  

 

Concluding the interpretation of results, a sensitivity analysis is often conducted to explore 

the potential impact of changes in various contributing parts of the life cycle inventory. This 

approach allows a systematic identification of parameters that have a significant influence on 

the overall outcomes of the LCA (Hauschild, Rosenbaum and Olsen, 2018). Sensitivity 

analysis is particularly beneficial to use specific situations where there are insecurities in the 

data. Additionally, it serves as a valuable tool for evaluating the impact of assumptions and 

to evaluate site-specific data with other alternatives (Curran, 2015). 

3.2. Urban food systems 

As previously mentioned, the core concept of UF revolves around moving food production 

systems closer to the cities. There are multiple different ways that UFs can take shape, for 

example; VF, communal gardens and rooftop farming (Ng and Mahkeswaran, 2021 and Xi et 

al, 2021). 
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However, this report primarily focuses mostly on VF of two different products. Even though 

there are two different products, both build upon the same methodical framework and 

therefore share most of the advantages and disadvantages. By bringing the production 

closer to the city it will not only reduce the distance it will also create a more resilient society. 

A resilient society that can produce its own food in case of trading complications with the 

surrounding world (Barge, 2020). Not only will it bring the production closer to the city it will 

also create more jobs in the cities (ibid). Even if national production of food would not be 

seen as a problem a wider range of products would be possible to grow in the nation (ibid). 

This comes as a result of the non weather dependent conditions the products are grown in 

(Al-Kodmany, 2018). The non-weather-dependency also opens up the possibility to farm 

fresh products all year around (Barge, 2020). Nevertheless, VF does not open up the 

possibility to farm every plant since it is limited to size and height of the plant, depending on 

the preexisting structure of the farm (Andersson and Magnusson, 2024). 

 

Indeed, UF, particularly VF, offers multiple societal benefits but there are also environmental 

benefits compared to conventional open-field farming practices. The controlled, closed-loop 

nature of VF systems enables more control over material flows, resulting in several 

advantages. The controlled loops lead to a reduction in water loss which results in a lesser 

needed water consumption (Andersson and Magnusson, 2024). The lesser loss of water, 

partly from eliminating leakage into surrounding waters, also led to a lesser impact on 

eutrophication (Al-Kodmany, 2018). The controlled environment allows the farm to not use 

pesticides, which are commonplace in conventional agriculture but can have detrimental 

effects on surrounding biodiversity (Barge, 2020). Moreover, VF can produce more food per 

square meter compared to conventional open-field methods, with approximately 18,5 times 

more dry matter (Molin and Martin, 2018). The increased productivity not only addresses 

food security concerns; it can use the locations that otherwise would be unexploited and 

therefore reduce the pressure on the already arable land more (Molin and Martin, 2018 and 

Barge, 2020). 

 

Indeed, VF offers multiple benefits, but there are also notable drawbacks with this farming 

method. One significant limitation is the dependence on a built-up structure to house the 

farming operations. This structural dependency not only entails potential environmental 

impacts but also entails a high investment cost in building the structure (Pinstrup-Andersen, 

2018). Beside the energy that the structure demands to manufacture, supplementary energy 

in the form of artificial light and heat will be demanded during the production process. The 

reason for this is that the VF does not use the sun as an energy source as an open-field 

farm would (Banerjee and Adenaeuer, 2014). 
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3.3. Industrial symbiosis 

Industrial symbiosis is a subtopic of industrial ecology and is the topic about finding 

possibilities that will be beneficial for all parties involved; the companies and the environment 

(Martin, Svensson and Eklund, 2015). To identify these possibilities, the industrial symbiosis 

focuses on energy and material flows between two separate systems compared to the two 

systems standing alone (Wolf and Karlsson, 2008). Since the goal of the industrial symbiosis 

is to find beneficial situations for all parties involved a valuation of the total benefits and 

drawbacks can be performed, this evaluation can be done through a LCA (Martin, Svensson 

and Eklund, 2015).  

3.4. Vertical farming of plants 

The upcoming chapter will cover how VF can be utilized to cultivate plants. The process can 

take shape in different ways to be adapted for the specific plant. The process described 

below is a general description of the cultivation of lettuce. 

The process 

Germination chamber 

The initial phase of the process generally starts off with premade plugs serving as the 

growing medium for the plant to later set its roots in. This is so the plant is stable enough to 

grow upwards and to reach the nutrient rich water. Following this, seeds are carefully placed 

into the plugs and transferred to a germination chamber for up to seven days, depending on 

the plant. The germination chamber, housed within a distinct structure, maintains controlled 

temperature and humidity levels to provide optimal conditions conducive to seed sprouting 

(Barge, 2020). 

 

Germination nursery 

Following germination, when the seed has sprouted it is time to move the plugs to the next 

stage of the cultivation process. Here, the plugs are transferred to custom-fitted plastic trays 

designed to align with the specific structure of the VF structure intended for future growth 

phases. As shown in Figure 4, the general structure is built up of multiple layers stacked 

vertically. On the bottom of each shelf there is usually an irrigation system making sure the 

plants get a mixture of water and nutrients. Hanging from the roof of each layer there are 

LED-lights to give the plants the light they need. The lights can possibly produce enough 

heat for the plant, otherwise an additional heating system is needed. Beside the heating 

system, ventilation and humidification is needed. There can also be an addition of carbon 

dioxide from pressured tanks to reach sufficient levels for the plants to grow. In this stage the 

time depends on the plant but is approximately one week (Nära, 2024). 
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Figure 4, photo of germination nursery 

Cultivation 

During the cultivation stage, the seedlings undergo a similar process within the established 

structure as in the preceding phase. How long it stays here depends on the plant but is 

approximately 21 days for lettuce (Nära, 2024). Here the light can be turned on and off in 

intervals to create the illusion of earth's natural diurnal cycle. The optimal light conditions 

that the plants need range from 400 nm to 700, since it is the spectrum required for 

photosynthesis, where the ends of the spectrum are blue (400 nm) and red (700 nm). 

However, utilizing the two ends of the spectrum creates a purple light that makes it harder 

for the human eye to see deficiencies and diseases in the plant and is therefore usually 

supplemented with green or with light (Costa, 2023). Here the seedling stays until fully grown 

and ready to be harvested. 

 

Harvest 

During the harvesting phase, a machine used is tearing off the plant of the roots leaving the 

trays with plugs filled with a root system. Alternatively, this part of the process can also be by 

hand using a tool to remove the wanted parts. The remaining plugs and root systems are 

classified as organic waste and are collected and treated as waste. The trays used can 

either be treated as waste or cleaned and reused depending on the structure and process. 

 

 

 

 



 

10 

3.5. Mushroom cultivation 

It is estimated that a vast diversity of approximately 140 thousand mushroom species exist 

(National Park Service, n.d.). All these mushrooms can be generalized into three main 

groups: primary decomposers, secondary decomposers and mycorrhizal fungi. Primary 

decomposers, exemplified by species like Oyster mushrooms and Shiitake, thrive on organic 

substrates such as cellulose and lignin, utilizing these materials as sources of nutrition. 

Secondary decomposers such as White Button and Portobello instead need the cellulose 

and lignin in the organic substrate to already be broken down and therefore prefer substrates 

such as manure. The third group of mushrooms, mycorrhizal fungi, are in need of a 

symbiotic relationship with trees and other vegetation to survive and are therefore not 

optimal for farming. Belonging to this category are species such as Chanterelles and Morels 

(Russell, 2014). This report will focus on Oyster mushrooms and will therefore present the 

farming process of primary decomposing mushrooms. 

The process 

Strain selection 

Initiating the cultivation process starts off by what mushrooms that are going to be cultivated. 

This is important due to facts stated above, the type of mushrooms differ and the farming 

process differ with it. The strain is primarily collected as pores from wild mushrooms. The 

mushrooms generally go through multiple stages of life, where the first stage is the spores 

that come from a fruiting mushroom. These spores, also called a strain, then germinate and 

become mycelium. The strain then grows into mycelium culture using either a nutrition broth 

or agar plates. The cultivation is done in order to get sufficient amounts of mycelium. The 

more mycelium the stronger it is against other contaminations (Russell, 2014). 

 

Sterile spawn substrate 

The subsequent step in the process involves the production of spawn substrate, essential for 

germinating the spawn into a mycelium culture. The substrate utilized in this stage preferably 

has a high nutritional value. Commonly used materials are such as various grains or 

sawdust. However, due to its rich nutrient content, the substrate provides an ideal 

environment for contaminants such as Trichoderma, also known as green mold, to flourish. 

Hence, sterilization of the substrate is important to kill off the contaminations and the 

mycelium to grow without competition. The sterilization process is therefore being made 

using a pressure cooker to guarantee high enough temperatures (Russell, 2014). 

imperative prior to its amalgamation with the spawn. 

 

Mycelium cultivation 

Following the sterilization and cooling of the spawn substrate, it is time to mix the spawn into 

the sterilized spawn substrate to let the spawn germinate into a mycelium culture. This 

process usually takes place in the cultivation area (Russell, 2014). 
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Bulk substrate pasteurization  

Parallel with the mycelium culture production stage, a separate substrate known as the bulk 

substrate is prepared. Differing from the spawn substrate, the bulk substrate is the majority 

of the substrate used and has a lower nutritional content. Materials that make up the most 

part of the bulk substrate are usually materials such as wood, straw or coffee grounds. The 

chosen material undergoes a process of hydration, mixing and supplementation with other 

materials to create optimal growth conditions for the mushrooms. After being mixed the 

substrate is placed in bags and pasteurized. Due to the less nutritious materials, this 

substrate only needs to be pasteurized to avoid contaminations. Pasteurization is done in 

lower temperature and longer time compared to sterilization (Russell, 2014). 

 

Incubation 

At the start of the incubation stage, parts of the mycelium culture are introduced into the 

pasteurized and cooled bulk substrate. The bag is then placed into the cultivation area to let 

the mycelium cultivate the whole bag of bulk substrate, this stage of the mushroom life cycle 

is called mushroom primordia (Russell, 2014). When cultivated the bags turn white, as 

shown in Figure 5.  

 

 
Figure 5, Cultivated mushroom bags 
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Cultivation  

Once the whole bag is cultivated it is time to cut the bag open on one side. This exposes the 

primordia to the humid air within the cultivation area and triggers the progression of the 

primordia to the subsequent stage of its lifecycle, wherein mushrooms start to fruit. 

Depending on the amount and nutrition content of the substrate in the bag, multiple flushes 

of mushrooms are possible. The first opening on the bag is then covered and the bag is 

opened elsewhere. Multiple flushes are possible as when the mushrooms are grown the 

mycelium stays in the ground. It resembles an apple tree where mycelium is the tree itself 

and the mushroom is the apple, the fruit. The mycelium is the root which grows and spreads. 

The mushroom is the fruit that spreads the spores that create new mycelium (Russell, 2014). 

 

Harvest 

Once the last mushrooms are harvested it results in a plastic bag filled with spent mushroom 

substrate (SMS) (Russell, 2014). An Oyster mushroom ready to harvest is shown in Figure 

6. 

 

 
Figure 6, Oyster mushroom ready to harvest 

 

Cleaning 

Once the mushrooms are harvested and the SMS is removed, the farming area needs to be 

cleaned to reduce the risk of contamination. Cleaning can also be done during the earlier 

stages of the process. Cleaning is important to avoid contaminations reaching the bag and 

competing with the mushrooms  for available resources (Russell, 2014).  
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4. Method  

The implementation of the project was mainly split up into three different stages all using 

three different methods. Initially, the project used a literature review in order to gather 

information to have a sufficient foundation to execute the project. The second method used 

was in the form of two case studies, one of which included an interview. The case was used 

to get a specific concretization over the foundation studied in the literature review. The case 

studies were carried out through a visit to observe the specific cultivation process. The 

interview conducted was used as a compliment to gather information lacking from 

observation. That data was then used in the third part where the method used was a LCA in 

order to visualize and interpret the results. 

4.1. Literature review 

The foundation of the report was built on a comprehensive literature review, with scientific 

articles sourced mainly via Google Scholar. Non-scientific sources, such as text-books, were 

used only to build a foundation of knowledge for the used processes. It is important to 

acknowledge that these sources were critically reviewed for potential bias by angling or 

spreading false information to benefit a specific party (Denney and Tewksbury, 2013). They 

were also evaluated in comparison to the later observation to justify that the information 

given was correct with the real-life scenario. Other non-scientific sources were also critically 

reviewed. Search words were used to identify the relevant information in the area of interest. 

The literature was used to collect and present background knowledge needed to understand 

the upcoming parts of the project. The chosen search words for database searches included 

“Urban vertical farming of lettuce” and “Urban oyster mushroom farming”.  

4.2. Case study 

Two case studies were used to analyze the two separate specific concretizations of the 

studied area in the literature review. The first of the two was centered over Nära in 

Liljeholmen, a VF with an annual production of 30 tons of various plants such as; lettuce, 

pak-choi, and kale (in given order of production volume). During the observation a detailed 

walkthrough of the process was given. Primary data for future modeling was collected during 

the observation and complemented with information gathered on the same facility in other 

projects. Where data gaps existed, secondary data was supplemented with a continuation of 

the literature review or estimated. Studying Nära was decided due pre-knowledge about their 

willingness to cooperate in combination with the already existing information about the 

concept of vertical farm they use.The second case study focused on Stockholm Mushroom 

Farm in Täby, specializing in the cultivation of mushrooms with an annual production of 

approximately 1200 kilograms, with the largest quantity of production being Oyster 

mushrooms. During the observation a detailed walkthrough of the process was given. 

Primary data for future modeling was collected during the observation and complemented 

with an interview. Where data gaps existed, secondary data was supplemented with a 

continuation of the literature review or estimated. Studying Stockholm Mushroom Farm was 

decided due to their willingness to cooperate and investigate possible developments in their 

system.  
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Interview 

As a method to gather further primary data in the case study of Stockholm Mushroom Farm, 

an interview was held. The interview was conducted with a semi-structured approach, which 

allowed the interviewer to ask follow-up questions and open up for conversation (Flick, 

Kardoff and Steinke, 2004). The questions that were in the interview guide (Appendix four) 

were based on the background information gathered in the literature review with the purpose 

of building a more site-specific data foundation of how the systems look.  

4.3. LCA - Goal and scope definition 

Using the primary data collected through the case study and interview, models were 

developed over both specific scenarios. Secondary data was collected using a continuation 

of the literature review as a complement of lacking primary data. 

System boundaries 

The functional unit of the system is defined as 1.5 kilograms of oyster mushrooms and 1.0 

kilograms of lettuce. The amount of oyster mushrooms is based on the expected amount of 

mushrooms to be produced by one 3.6 kilogram block of mushroom substrate. The amount 

of lettuce is set in an attempt to balance the result and split the potential impact equally to 

avoid misinterpretation in the graph due to over representation of one of the products. 

 

The scope of the system is limited to a cradle-to-factory gate. The included parts of the 

process is; Raw materials, Material processing and Manufacture, while the excluded parts of 

the life cycle are marked with a transparent red and demonstrated in Figure 7. These 

limitations include the cultivation with the materials needed both for the infrastructure, the 

operation and energy. Given the reports focus on investigating synergies during the 

production phase, following phases of the lifecycle are not included, such as packaging and 

the materials and the processes that go with it. Additionally, waste management processes 

occurring post-consumption are omitted, while waste generated during manufacturing is 

accounted for. 

 

 
Figure 7: Included part of lifecycle in study scope (Curran, 2015) 
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Cut-off criteria 

This report excludes the anthropocene involvement in the processes, this is due to the fact 

that the humans involved were not created to contribute to the process and would affect the 

environment regardless of their involvement in the process. Furthermore, due to the time 

limitations of the project, material flows that are estimated to be minimal compared to the 

rest are not included, for example, objects such as plastic gloves used during the 

preparation of spawn substrate during the mushroom cultivation, were not included.  

Allocation  

In the absence of direct utilization of the by-products in the current scenario, no allocation 

method will be applied. Instead, all potential impacts will be allocated to the production of the 

mushrooms and the lettuce. In synergy scenarios the benefit of the by-products will be 

removed from the total potential impact assessment rather than allocated between the two 

products. 

Assumptions 

One assumption that has been made regarding the infrastructure needed for both the 

process is that only the quantity of materials has been considered, without accounting for the 

production of the specific product that material builds up. Also, the quantity of different 

materials is simplified to the materials of the largest proportion and that materials weight. 

Similarly, the lifetime of the materials is assumed and based on external references instead 

of product producers. This entails that specific parts are switched out at the end of the 

materials lifetime, not the whole infrastructure at once. 

 

One recurring assumption made during the life cycle inventor is that the infrastructure is 

simplified to fewer materials than it actually comprises. This simplification arises from a 

combination of the time limitation of the project and the focus on the potential impact of the 

synergies, something that will not be affected by the needed infrastructure since it is based 

on the same annual production in each scenario. All transportation of operational material 

flow was assumed to be made by using light commercial vehicles. Other specific 

assumptions were employed during the project, each was described in the text where they 

are relevant to see a clearer connection. 
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Impact assessment method 

The chosen method that was used during the project was ReCiPe 2016 v1.03. ReCiPe has 

multiple sub-methods; first it is split up by looking at individualist (I), hierarchist (H) and 

egalitarian (E). There are multiple differences between these internal alternatives, one of 

which is the lifetime horizon, which is 100 years for hierarchy which this report uses 

(Huijbregts et al, 2017). Secondly it is split up in looking at midpoint or endpoint. Midpoint is 

the categories that look more specifically at the damage the different types of emissions 

potentially have on different parts of the environment, while endpoint categories look at the 

damage the midpoint categories have on Human health, Ecosystem health and Resource 

availability (Figure 8) (ibid). This report uses midpoint and selectively focuses on four of the 

categories: climate change, fossil depletion, freshwater eutrophication and water depletion. 

This is to make the report more comparable to other reports as Barge (2020), Martin et al 

(2023), Dorr et al (2020) and Lemaitre (2022), which all use a variation of these four 

categories, except Martin et al (2023) which didn't use a alternative to fossil depletion. 

 

 
Figure 8: Impact categories of ReCiPe 2016 v1.03 

Software 

The database used in order to assess the potential impacts was Ecoinvent 3.9.1, this data 

was then visualized using the software Google Sheets.  
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5. Life cycle inventory 

This section of the report presents the data found and utilized for the current state of the two 

separate systems and the potential synergies. 

5.1. Current state 

The current state builds on a scenario where the monitored systems are separate on 

different locations with a distance of 21 kilometers between them. 

Process flowchart 

The first separate system in the current state is based on Nära in Liljeholmen. The system 

builds upon the process described in the background and is illustrated in Figure 9.  

 

 
Figure 9: Process flowchart of Nära´s vertical lettuce farm 

      

The second separate system in the current state is based on Stockholm Mushroom Farm in 

Täby. This system builds on the process presented in the background and is illustrated in 

Figure 10. 

 

 
Figure 10: Process flowchart of Stockholm Mushroom Farm´s oyster mushroom production 
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Inventory data 

This section of the report presents and explains the collected data to provide a 

comprehensive understanding of how the previously described processes are adapted in the 

monitored cases. 

Vertical farmed lettuce 

Table 1: Inventory data of structure for the lettuce farm 

Structure 

(lettuce) Material / Energy Data Unit Source Data name 

Input 

Germination 

chamber 0,0 g Estimate market for steel, low-alloyed 

Cultivation shelves 1,2 g (Barge, 2020) market for aluminium, cast alloy 

Cultivation shelves 1,3 g (Barge, 2020) market for steel, low-alloyed 

LED-lights 0,0 g (Barge, 2020) market for light emitting diode 

Seeder machine 0,1 g Estimate market for steel, low-alloyed 

Harvest machine 0,1 g Estimate market for steel, low-alloyed 

Ventilation 0,0 unit (Barge, 2020) Market for ventilation system 

Humidifier 0,0 g (Barge, 2020) market for aluminium, cast alloy 

Output Structure 1 units   

 

To start off the process, essential infrastructure is required, where main components are 

demonstrated with quantities in Table 1. In the case of Nära, the process starts off with a 

seeder machine which moves the lettuce seeds into the growth substrate. Then, the plug 

containing the seeds are transferred to a germination chamber, where they remain for 2 

days before emerging as sprouts. The sprouts are then transferred to the cultivation shelves 

after being moved to reusable plastic trays custom-fitted for the shelves. The structure is 

equipped with ventilation, humidifier and an irrigation system. The sprouts take 

approximately 7 days before turning into seedlings and are transferred to another shelf 

where they sit for about 20 days. LED-lights are strategically positioned on each shelf to 

ensure the plants get sufficient light and have a photoperiod of 16 hours. After a total period 

of approximately 31 days, the plants are to be harvested using a harvest machine (Nära, 

2024). 

 

Table 2: Inventory data of energy for the lettuce farm 

Energy 

(lettuce) Material / Energy Data Unit Source Data name 

Input Energy 19 kWh (Nära, 2024) market for electricity, medium voltage 

Output Energy 1 units   

 

To ensure the optimal function of the system, the system has a total energy consumption of 

approximately 19 kWh per kilogram of lettuce produced, calculated over annual use (Table 

2) (Nära, 2024). 
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Table 3: Inventory data of operational material flow for the lettuce farm 

Operational 

(lettuce) Material / Energy Data Unit Source Data name 

Input 

Peat 0,7 kg (Nära, 2024) market for peat moss 

Plastic trays 
0,1 kg (Nära, 2024) 

market for polymethyl methacrylate, 

sheet 

Seeds 
3 g (Nära, 2024) 

grass seed production, organic, for 

sowing 

Nitrogen 

2,5 g 

(Nära, 2024; 

Hydrogarden, n.d.a; 

Hydrogarden, n.d.c) market for nitrogen fertiliser, as N 

Phosphorus 

1,0 g 

(Nära, 2024; 

Hydrogarden, n.d.a; 

Hydrogarden, n.d.b) 

market for phosphate fertiliser, as 

P2O5 

Potassium 

3,0 g 

(Nära, 2024; 

Hydrogarden, n.d.a; 

Hydrogarden, n.d.b; 

Hydrogarden, n.d.c) 

market for potassium fertiliser, as 

K2O 

Magnesium 

0,6 g 

(Nära, 2024; 

Hydrogarden, n.d.a; 

Hydrogarden, n.d.b) market for magnesium 

Sulphate 
0,6 g 

(Nära, 2024; 

Hydrogarden, n.d.b) market for alkyl sulphate (C12-14) 

Nitric acid 
1,2 g 

(Nära, 2024; Terra 

Aquatica, n.d) 

market for nitric acid, without water, 

in 50% solution state 

Calcium 
1,7 g 

(Nära, 2024; 

Hydrogarden, n.d.c) market for calcium nitrate 

Citric acid 
0,3 g 

(Nära, 2024; Terra 

Aquatica, n.d.) market for citric acid 

Phosphoric acid 

0,4 g 

(Nära, 2024; Terra 

Aquatica, n.d.) 

market for phosphoric acid, fertiliser 

grade, without water, in 70% solution 

state 

Carbon dioxide 

(CO2) 180,0 g (Nära, 2024) market for carbon dioxide, liquid 

Water 3,4 L (Nära, 2024) market for tap water 

Output Operational 1 units   
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Throughout the process, the plugs utilized are composed of peat and are imported from the 

Netherlands. These plugs arrive in non-reused plastic trays before being transferred to 

reusable trays. Once the plants are placed on the shelves they have an irrigation system 

supplying them with a nutrition solution, consisting of water and the fertilizers the plant 

needs. The nutrients come in three different solutions and are mixed in different proportions 

for maximized growth. Additionally, carbon dioxide is supplemented into the cultivation room 

from pressurized tanks to ensure sufficient levels for the plants to grow optimally (Nära, 

2024). All operational material flows are illustrated in Table 3. 

 

Table 4: Inventory data of operational transportation for the lettuce farm 

Operational 

transport 

(lettuce) Material / Energy Data Unit Source Data name 

Input 
Transportation 1,3 t*km Estimate 

market for transport, freight, light 

commercial vehicle 

Output 
Operational 

transport 1 units   

 

Knowing the origin of the fertilizers and the peat plugs, a total transport distance and weight 

was estimated (Nära, 2024). It is important to acknowledge that this might not be the origin 

of the peat and plastic, the supplier can import from other areas. Distance was assumed to 

be to the supplier due to lack of information. This transportation was only calculated over the 

operational material flows according to Appendix three and collectively illustrated in Table 4.  

 

Table 5: Inventory data of cultivation and harvest for the lettuce farm 

Cultivation 

+harvest 

(lettuce) Material / Energy Data Unit Source Data name 

Input 

Structure 1 units   

Energy 1 units   

Operational 1 units   

Operational 

transport 1 units   

Output 
Lettuce 1,0 kg   

Waste 1 units   

 

The inputs of the system, including the structure, energy, operational material flows, and 

operational transport, result in two major outputs: 1.0 kilogram of lettuce, which serves as 

the functional unit, and waste. These outputs are detailed in Table 5. 
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Table 6: Inventory data of waste flows for the lettuce farm 

Waste 

(lettuce) Material / Energy Data Unit Source Data name 

Input Waste 1 units   

Output 

Plastic waste 0,1 kg (Nära, 2024) market for municipal solid waste 

Wastewater 0,4 L (Nära, 2024) market for municipal solid waste 

Organic waste 2,2 kg (Nära, 2024) market for municipal solid waste 

 

As illustrated in Table 6, the waste generated by the system contains three primary flows: 

plastic waste, wastewater, and organic waste. Plastic waste mainly originates from the non-

reused plastic trays, while wastewater arises from humidity, spillage, and cleaning of the 

reused plastic trays. The organic waste includes residues from the plant after harvest, 

containing the peat plug and the root system (Nära, 2024). 

 

Mushroom farming 

Table 7: Inventory data of structure for the oyster mushroom farm 

Structure 

(mushroom) Material / Energy Data Unit Source Data name 

Input 

Frame 
16,2 g 

(Stockholm Mushroom 

Farm, 2024) market for structural timber 

Walls 
3,4 g 

(Stockholm Mushroom 

Farm, 2024) market for extrusion, plastic film 

Shelves 
3,8 g 

(Stockholm Mushroom 

Farm, 2024) market for steel, low-alloyed 

LED-lights 0,1 g (Lemaitre, 2022) market for light emitting diode 

Ventilation 
0,0 unit 

(Stockholm Mushroom 

Farm, 2024) Market for ventilation system 

Humidifier 0,0 g (Lemaitre, 2022) market for aluminium, cast alloy 

Isolation 

(pasteurizer) 1,0 g (Lemaitre, 2022) market for glass wool mat 

Pasteurizer 
4,9 g 

(Stockholm Mushroom 

Farm, 2024) market for steel, low-alloyed 

Mixer 
13,0 g 

(Stockholm Mushroom 

Farm, 2024) market for steel, low-alloyed 

Pressure cooker 
0,1 g 

(Stockholm Mushroom 

Farm, 2024) market for steel, low-alloyed 

Output Structure 1 units   
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Examining the infrastructure needed to produce the oyster mushrooms it can be split up in 

multiple parts used in different stages of the process. Initially, an internal structure is needed 

and in the case of Stockholm Mushroom Farm, this is constructed primarily from wood and 

covered in plastic film. This setup is crucial for maintaining the high humidity levels 

necessary for cultivation, which the plastic film helps contain within the cultivation area. 

Additionally, the structure includes shelves, LED-lights, ventilation systems, and a humidifier, 

all of which contribute to maintaining the optimal growth conditions for the mushrooms. 

Outside of the structure there is a pasteurizer, a mixer and a pressure cooker (Stockholm 

Mushroom Farm, 2024). All needed components are outlined in Table 7. 

 

Table 8: Inventory data of energy for the oyster mushroom farm 

Energy 

(mushroom) Material / Energy Data Unit Source Data name 

Input 

Energy 

(ventilation) 0,4 kWh 

(Stockholm Mushroom 

Farm, 2024) market for electricity, medium voltage 

Energy (humidifier) 
1,4 kWh 

(Stockholm Mushroom 

Farm, 2024) market for electricity, medium voltage 

Energy (light) 
0,8 kWh 

(Stockholm Mushroom 

Farm, 2024) market for electricity, medium voltage 

Energy 

(pasteurizer) 0,7 kWh 

(Stockholm Mushroom 

Farm, 2024) market for electricity, medium voltage 

Energy (mixer) 
0,005 kWh 

(Stockholm Mushroom 

Farm, 2024) market for electricity, medium voltage 

Output Energy 1 units   

 

To ensure the optimal function of the system, it has a total energy consumption of 

approximately 3.3 kWh per 1.5 kilograms of oyster mushroom produced (Stockholm 

Mushroom Farm, 2024). The energy consumption is split up into five major outputs, outlined 

in Table 8. 

 

Table 9: Inventory data of operational material flow for the oyster mushroom farm 

Operational 

(mushroom) Material / Energy Data Unit Source Data name 

Input 

Malt sugar 0,1 g 

(Stockholm Mushroom 

Farm, 2024) market for sugar, from sugarcane 

Water (mycelium) 0,0 L 

(Stockholm Mushroom 

Farm, 2024) market for tap water 

Mycelium   

(Stockholm Mushroom 

Farm, 2024)  

Plastic (bag) 

(mycelium) 1,0 g (Lemaitre, 2022) 

market for packaging film, low density 

polyethylene 

Cloth (bag) 

(mycelium) 0,1 g (Lemaitre, 2022) 

market for textile, non woven 

polypropylene 
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Wheat grain 60 g 

(Stockholm Mushroom 

Farm, 2024) market for wheat grain, feed, organic 

Water (substrate) 2,5 L 

(Stockholm Mushroom 

Farm, 2024) market for tap water 

Plastic (bag) 

(substrate) 26 g (Lemaitre, 2022) 

market for packaging film, low density 

polyethylene 

Cloth (bag) 

(substrate) 2,6 g (Lemaitre, 2022) 

market for textile, non woven 

polypropylene 

Straw pellets 1,0 kg 

(Stockholm Mushroom 

Farm, 2024) wheat production, organic 

Gypsum 78 g (Lemaitre, 2022) market for gypsum, mineral 

Wheat bran 180,0 g 

(Stockholm Mushroom 

Farm, 2024) market for wheat bran 

Plastic wrap 1,1 g 

(Stockholm Mushroom 

Farm, 2024) market for extrusion, plastic film 

Soap 0,6 g 

(Stockholm Mushroom 

Farm, 2024) market for soap 

Water (cleaning) 0,7 L 

(Stockholm Mushroom 

Farm, 2024) market for tap water 

Output Operational 1 units   

 

The operation is initiated by mixing malt sugar and water into a nutrition broth. Mycelium is 

then mixed into the broth where it can flourish and grow into a mycelium spawn (Stockholm 

Mushroom Farm, 2024). Notably, the mycelium used can be sourced from nature or retained 

from previous batches, and is therefore excluded from future calculations (Russell, 2014). In 

parallel, a spawn substrate is prepared by pressure cooking wheat grain inside a mushroom 

bag. These two are then mixed together and left for about 10 days. Meanwhile, a bulk 

substrate is prepared where straw pellets, wheat bran, gypsum and water are mixed before 

being loaded into mushroom bags before being pasteurized. Once the bulk substrate is 

pasteurized, the mycelium is mixed into it, leaving plastic waste from the mycelium bag. The 

bag is then placed in the cultivation area for about 2 months before being cut open for 

cultivation and harvest. Each bag can generate multiple flushes of mushrooms and are 

between each flush covered with plastic wrap and opened in a new part of the bag. During 

and after the bags are fully cultivated, cleaning of the cultivation area is important to avoid 

contamination. The cleaning is done 2-3 times a week using water and soap (Stockholm 

Mushroom Farm, 2024). All operational material flows are detailed in Table 9. 
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Table 10: Inventory data of operational transportation for the oyster mushroom farm 

Operational 

transport 

(mushroom) Material / Energy Data Unit Source Data name 

Input 
Transport 0,6 t*km Estimate 

market for transport, freight, light 

commercial vehicle 

Output 
Operational 

transport 1 units   

 

Transportation distance and weight is calculated using estimates knowing the origin country 

of the products according to Appendix three and collectively illustrated in Table 10. 

 

Table 11: Inventory data of cultivation and harvest for the oyster mushroom farm 

Cultivation + 

harvest 

(mushroom) Material / Energy Data Unit Source Data name 

Input 

Structure 1 units   

Energy 1 units   

Operational 1 units   

Operational 

transport 1 units   

Output Mushrooms 1,5 kg 

(Stockholm Mushroom 

Farm, 2024)  

Waste 1 units   

 

The inputs of the system, including the structure, energy, operational material flows, and 

operational transport, resulting in two major outputs: 1.5 kilogram of oyster mushrooms, 

which serves as the functional unit, and waste. These outputs are detailed in Table 11. 

 

Table 12: Inventory data of waste flows for the oyster mushroom farm 

Waste 

(mushroom) Material / Energy Data Unit Source Data name 

Input Waste 1 units   

Output 

Plastic waste 

(mycelium) 1,0 g (Lemaitre, 2022) market for municipal solid waste 

Plastic waste 

(substrate) 27,1 g (Lemaitre, 2022) market for municipal solid waste 

SMS 2,1 kg 

(Stockholm Mushroom 

Farm, 2024) market for municipal solid waste 

Carbon dioxide 

(CO2) 728,1 g (Lemaitre, 2022)  

Wastewater 0,7 L 

(Stockholm Mushroom 

Farm, 2024) market for wastewater, average 
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As outlined in Table 12, the waste flow contains four primary parts: plastic waste, SMS, 

carbon dioxide and wastewater. Plastic waste mainly originates from the plastic wrap and 

the plastic bags used during the process. SMS is the remaining waste after the mushrooms 

are harvested. All four parts of the waste are handled as municipal solid waste. However, 

SMS is sometimes given away to be used as a growth medium in gardens. Carbon dioxide is 

produced as the mushrooms decompose the organic substrate. Wastewater is produced 

mainly from the cleaning but also from the humidity in the cultivation area (Stockholm 

Mushroom Farm, 2024).  

5.2. Synergies 

Looking at the two separate systems in the current state as one system, multiple synergies 

can be identified. Four different synergies were identified as modeled separately to 

investigate the potential environmental benefits and drawbacks. The four different synergies 

identified were; “Carbon dioxide cycling”, utilizing “Organic waste”, utilizing “Spent 

mushroom substrate” and “Light transfer”. It is assumed in all four synergies that the two 

separate systems are co-located.  

5.2. Synergy one - Carbon dioxide cycling 

The fundamental difference between mushrooms and plants, such as lettuce, lies in their 

interaction with carbon dioxide. While lettuce requires carbon dioxide for growth, mushrooms 

release it during their metabolic processes (Lemaitre, 2022; Nära, 2024). This opens up the 

possibility for synergy, particularly since lettuce in VFs gets supplemented carbon dioxide 

from pressurized tanks in order to reach sufficient amounts to ensure optimal growth. A 

potential synergy is to circulate the air between the two systems where the carbon dioxide 

dense air from the mushrooms goes to the VF, where the carbon dioxide is used and the 

oxygen levels instead increase through photosynthesis and circulated back to used by the 

mushrooms. 

 

Two major problems that will arise with this synergy and must be addressed. Firstly, the 

distance between the separate farms is approximately 21 kilometers by car. To transport the 

air containing carbon dioxide between the two could demand that the air gets pressurized 

and the synergy gets counterproductive from what it tries to achieve. Secondly, mushrooms 

release spores when growing (Stockholm Mushroom Farm, 2024). Introducing the spores to 

the lettuce plants includes a risk that the spores will germinate and gradually take over the 

lettuce farm to produce more mushrooms. To mitigate this risk, filters must be installed 

between the two systems to ensure that the air circulating between them is free from spores. 

Even though this is a solution, the filters would continuously need to be cleaned since the 

spores otherwise will clog the filter and stop the transportation of air. 
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Process flowchart 

Figure 11 demonstrates the material flow of moving the carbon dioxide from the mushroom 

system to the lettuce system. 

 
Figure 11: Process flowchart of the carbon cycling synergy 

Inventory data 

The tables demonstrated in this chapter are the tables that in some way are altered by the 

synergy. Just the impacted flow is shown and separated in “Baseline” and “Synergy”. 

Baseline is the original value and synergy is the new value. Remaining tables are 

unchanged and therefore are not included in this chapter. The scale difference and the 

yearly production of both the separate systems were taken in consideration for the upcoming 

calculations.  
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Table 13: Inventory data of operational material flow for the lettuce farm in the carbon cycling 

synergy 

Operational 

(lettuce) Material / Energy Data Unit Source Data name 

Baseline 

Carbon dioxide 

(CO2) 450000,0 g (Nära, 2024) market for carbon dioxide, liquid 

Synergy 

Carbon dioxide 

(CO2) 401462,9 g (Calculation 1) market for carbon dioxide, liquid 

 

As a result of the carbon dioxide cycling from the mushroom farm over to the VF, the amount 

of carbon dioxide used in the VF can be reduced. The amount of carbon dioxide needed for 

the synergetic system is equal to 170.9 grams and represents about 94.9 percent of the 

current state value, as demonstrated in Table 13 and calculated in Calculation 1. 

 

Table 14: Inventory data of waste flows for the oyster mushroom farm in the carbon cycling 

synergy 

Waste 

(mushroom) Material / Energy Data Unit Source Data name 

Baseline 
Carbon dioxide 

(CO2) 48537,1 g (Lemaitre, 2022)  

Synergy 
Carbon dioxide 

(CO2) 0,0 g (Calculation 1)  

 

Since the amount of carbon dioxide is the limiting factor, all of the carbon dioxide is used and 

reduces the current state emissions down to zero, as demonstrated in Table 14 and 

calculated in Calculation 1. 

5.3. Synergy two - Organic waste 

When producing 1.0 kilogram of lettuce, approximately 2.2 kilograms of wet organic waste 

remains after the harvest. This waste, classified as municipal solid waste in the current state, 

can instead be utilized as the growth substrate in the mushroom farms (Costa, 2023; 

Stockholm Mushroom Farm, 2024). Out of the organic waste that is produced in the VF 

about 90 percent is estimated to be water while the remaining 10 percent is dry waste 

(Mazzaferro, 2024). While there is no need to separate the two types of waste, it is important 

to consider their proportions to achieve the desired proportions in the mushroom substrate. 

One aspect that is worth mentioning in the current situation, is the waste needs to be 

transported between the two systems. Which results in an added potential impact compared 

to if the two systems were located next to each other. 
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Process flowchart 

Figure 12 demonstrates the material flow of moving the organic waste from the lettuce 

system to the mushroom system. 

 
Figure 12: Process flowchart of the organic waste synergy 

Inventory data 

The tables demonstrated in this chapter are the tables that in some way are altered by the 

synergy. Just the impacted flow is shown and separated in “Baseline” and “Synergy”. 

Baseline is the original value and synergy is the new value. Remaining tables are 

unchanged and therefore are not included in this chapter. The scale difference and the 

yearly production of both the separate systems were taken in consideration for the upcoming 

calculations. 
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Table 15: Inventory data of operational material flow for the oyster mushroom farm in the 

organic waste synergy 

Operational 

(mushroom) Material / Energy Data Unit Source Data name 

Baseline 
Water (substrate) 166,7 L 

(Stockholm Mushroom 

Farm, 2024) market for tap water 

Straw pellets 66,7 kg 

(Stockholm Mushroom 

Farm, 2024) wheat production, organic 

Synergy 
Water (substrate) 0 L (Calculation 2) market for tap water 

Straw pellets 48,1 kg (Calculation 2) wheat production, organic 

 

As the organic waste produced by the VF contains about 90 percent of water while the 

remaining 10 percent is dry organic material (Mazzaferro, 2024), it can be calculated that the 

amount of water will be the limiting factor in reusing the organic waste as growth substrate 

for the mushrooms (Calculation 2). Table 15 illustrates that this would lead to a reduction in 

water usage for the bulk substrate to zero, while the amount of straw pellets is reduced to 

0.7 kilograms, representing 72 percent of the current state value. This reduction maintains 

the desired proportions of dry and wet materials in the bulk substrate. 

 

Table 16: Inventory data of waste flows for the lettuce farm in the organic waste synergy 

Waste 

(lettuce) Material / Energy Data Unit Source Data name 

Baseline Organic waste 5500 L (Nära, 2024) market for municipal solid waste 

Synergy Organic waste 5222,2 kg (Calculation 2) market for municipal solid waste 

Since the water input is the limiting factor not all of the organic is used but is only reduced to 

2.1 kilograms, representing 95 percent of the current state value, as demonstrated in Table 

16 (Calculation 2). 

 

Table 17: Inventory data of operational transportation for the oyster mushroom farm in the 

organic waste synergy 

Operational 

transport 

(mushroom) Material / Energy Data Unit Source Data name 

Baseline 
Transport 38,9 t*km Estimate 

market for transport, freight, light 

commercial vehicle 

Synergy 
Transport 36 t*km (Calculation 2) 

market for transport, freight, light 

commercial vehicle 

The reduced amount of straw pellets needed have a reducing effect of the operational 

transport (mushroom), down to 85 percent of the current state value, as demonstrated in 

Table 17 (Calculation 2). 
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5.4. Synergy three - Spent Mushroom Substrate 

When producing 1.5 kilograms of mushroom in the current system, approximately 2.1 

kilograms SMS produced as waste. This waste can however, as mentioned by Stockholm 

Mushroom Farm (2024), have a secondary use as growth substrate for plants.  

Something that has been studied by scientists as Khalil et al, 2024; Costa, 2023 and 

Mazzaferro, 2024.In this scenario, the SMS is considered as a by-product rather than waste 

and is utilized as a growth substrate for the lettuce in the VF. Something that has started to 

be experimented on to reduce the overall amount of waste produced (Martin, Elnour and 

Siñol, 2023). Nevertheless, as highlighted by Stockholm Mushroom Farm (2024), when the 

SMS is used as a growth substrate for plants, mushrooms sometimes start to grow. To 

prevent this, the SMS must first be crushed and pasteurized to kill off the mycelium and 

reduce the risk of future cross-contamination.  

 

One problem has risen around the topic of using SMS as a growth medium in VFs. SMS risk 

dissolution and mixing into the irrigation system causing damage, something that is not a risk 

with the firm and stable peat plugs (Nära, 2024). To counter this problem it can be worth 

monitoring other possible solutions used in the VF process, such as using pots made of coir 

and then filled with growth substrate (Grönska, 2024). Additionally it is worth mentioning the 

additional potential impact of transportation between the two systems that could be 

countered with the location of the two systems next to each other. 

Process flowchart 

Figure 13 demonstrates the material flow of moving the SMS from the mushroom system to 

the lettuce system. 
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Figure 13: Process flowchart of the spent mushroom substrate synergy 

Inventory data 

The tables demonstrated in this chapter are the tables that in some way are altered by the 

synergy. Just the impacted flow is shown and separated in “Baseline” and “Synergy”. 

Baseline is the original value and synergy is the new value. Remaining tables are 

unchanged and therefore are not included in this chapter. The scale difference and the 

yearly production of both the separate systems were taken in consideration for the upcoming 

calculations. 

 

Table 18: Inventory data of operational material flow for the lettuce farm in the spent 

mushroom substrate synergy 

Operational 

(lettuce) Material / Energy Data Unit Source Data name 

Baseline 

Peat 1780 kg (Nära, 2024) market for peat moss 

Plastic trays 300 kg (Nära, 2024) 

market for polymethyl methacrylate, 

sheet 

Synergy 

Peat 1640,0 kg (Calculation 3) market for peat moss 

Plastic trays 276,4 kg (Calculation 3) 

market for polymethyl methacrylate, 

sheet 
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Assuming that the SMS and the peat are equivalent as growth substrates, the total amount 

of SMS produced from the mushroom farm is sufficient to replace 7.9 percent of the total 

amount of peat used annually (Calculation 3). It is therefore assumed that the plastic trays 

will be reduced by the same percentage. Although no change is visible in Table 18 due to 

rounding, the future model has taken the change in consideration.  

 

Table 19: Inventory data of waste flows for the lettuce farm in the spent mushroom substrate 

synergy 

Waste (lettuce) Material / Energy Data Unit Source Data name 

Baseline Plastic waste 300 kg (Nära, 2024) market for municipal solid waste 

Synergy Plastic waste 277,4 kg (Calculation 3) market for municipal solid waste 

 

As a result of reducing the non-reused plastic trays, the amount of plastic waste from the 

lettuce production is assumed to be reduced with the same percentage as well. This 

adjustment is outlined in Table 19. 

 

Table 20: Inventory data of energy for the lettuce farm in the spent mushroom substrate 

synergy 

Energy (lettuce) Material / Energy Data Unit Source Data name 

Synergy 

Energy 

(pasteurizer) 47,4 kWh (Calculation 3) market for electricity, medium voltage 

 

There are however increases as well, since the SMS contains mycelium the material needs 

to be processed and pasteurized before being able to be used as a growth substrate for 

lettuce. This pasteurization results in an added energy consumption of 0.0189 kWh per 

kilogram of lettuce produced, as demonstrated in Table 20. 

 

Table 21: Inventory data of waste flows for the oyster mushroom farm in the spent 

mushroom substrate synergy 

Waste 

(mushroom) Material / Energy Data Unit Source Data name 

Baseline SMS 140,0 kg (Lemaitre, 2022) market for municipal solid waste 

Synergy SMS 0 kg (Calculation 3) market for municipal solid waste 

 

Since the SMS not is the limiting factor, all of the substrate can be used in the VF and the 

new value will be zero, as shown in Table 21 (Calculation 3). 

 

Table 22: Inventory data of operational transportation for the lettuce farm in the spent 

mushroom substrate synergy 

Operational 

transport 

(lettuce) Material / Energy Data Unit Source Data name 

Baseline 
Transportation 3101,2 t*km Estimate 

market for transport, freight, light 

commercial vehicle 

Synergy 
Transportation 2866,6 t*km (Calculation 3) 

market for transport, freight, light 

commercial vehicle 
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As a result of the reduced amount of peat and plastic trays that need to be transported from 

the Netherlands to Stockholm, the operational transport for lettuce is reduced by 7.5 percent 

from the current state value, as calculated in Calculation 3. Although no visible change is 

shown in Table 22 due to rounding, the calculation reflects the reduction. 

5.5. Synergy four  - Light transfer 

When looking at the VF, the farms are open on the sides resulting in that a part of the light 

does not go to the plant but instead moves out in the remaining room (Nära, 2024).  

Utilizing this excess light as light source for the mushroom farm, to reduce total energy 

consumption, would be possible due to the low amount of light that the mushrooms need 

compared to the lettuce (Nära, 2024; Stockholm Mushroom Farm, 2024). This is achievable 

through using methods such as fiber-optical cables to transfer light from one area to another 

(Tembhare, Naidu and Kokate, 2020). However, due to the loss in the transfer, it is beneficial 

to have the systems as close to each other as possible. Another option is to install a 

transparent wall between the two systems to allow the light to pass through, which also 

demands that the systems are located next to each other. 

Process flowchart 

Figure 14 demonstrates the material flow of moving the light from the lettuce system to the 

mushroom system. 
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Figure 14: Process flowchart of the light transfer synergy 

Inventory data 

The tables demonstrated in this chapter are the tables that in some way are altered by the 

synergy. Just the impacted flow is shown and separated in “Baseline” and “Synergy”. 

Baseline is the original value and synergy is the new value. Remaining tables are 

unchanged and therefore are not included in this chapter. The scale difference and the 

yearly production of both the separate systems were taken in consideration for the upcoming 

calculations. 

 

Table 23: Inventory data of structure for the oyster mushroom farm in the light transfer 

synergy 

Structure 

(mushroom) Material / Energy Data Unit Source Data name 

Baseline 
LED-lights 3,3 g 

(Stockholm Mushroom 

Farm, 2024) market for light emitting diode 

Synergy LED-lights 0,0 g  market for light emitting diode 
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By locating the two systems next to each other, various methods can be employed to 

transport residual light from the VF into the mushroom farm. As underlined in Table 23, this 

will have the effect of reducing the amount of LED-lights needed in the mushroom farm down 

to zero, since the need for additional light is removed. 

 

Table 24: Inventory data of energy for the oyster mushroom farm in the light transfer synergy 

Energy 

(mushroom) Material / Energy Data Unit Source Data name 

Baseline 
Energy (light) 54,0 kWh 

(Stockholm Mushroom 

Farm, 2024) market for electricity, medium voltage 

Synergy Energy (light) 0,0 kWh  market for electricity, medium voltage 

 

By removing the LED-lights in the structure, the energy that would otherwise be required to 

power these lights will also be eliminated. This leads to a reduction in energy consumption, 

as shown in Table 24. 

6. Life Cycle Impact Assessment  

This chapter provides a visualization of the potential impact in the chosen impact categories, 

acting as an aid to systematically interpret the results.  

6.1. Climate Change  

Figure 15 illustrates that in the climate change impact category, where the largest impact in 

both of the separate systems comes from the transportation, 37.6 and 42.2 in the vertical 

farm and mushroom farm respectively.  

 
(a) Contribution from vertical farm  (b) Contribution from mushroom farm 

 

Figure 15: Contributional analysis over current state potential impact on Climate Change 

 

Among the synergies and their potential impact on the climate change category, the largest 

potential improvement can be seen from the spent mushroom synergy. Here the largest 

difference comes from the reduction in transport by reducing the need for peat and the 

plastic trays they come delivered in. A reduction of 2.8 percent in the transport sector and a 

total reduction of 5.6 percent, as illustrated by Figure 16.  
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Figure 16: Characterization analysis between current state and the synergies in Climate 

Change 

6.2. Fossil depletion  

Figure 17 illustrates the potential impact on the category of fossil depletion where there are 

one main contributor in both the separate systems. The transport is responsible for 49.8 

percent of the vertical farms' impact of fossil depletion and 70.3 percent of the impact from 

the mushroom farm. 

 
(a) Contribution from vertical farm  (b) Contribution from mushroom farm 

 

Figure 17: Contributional analysis over current state potential impact on Fossil Depletion 

 

Noticeable in Figure 18, is that the largest potential impact reduction comes from the spent 

mushroom substrate synergy, with a total reduction of 6.7 percent. This comes as a result of 

the reduced amount of needed transportation which reduces the sector's impact with 3,7 

percent. The reduction of transport is mainly due to the decreased requirement for peat 

plugs and plastic trays in the process. 
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Figure 18: Characterization analysis between current state and the synergies in Fossil 

Depletion 

6.3. Freshwater eutrophication  

Figure 19 illustrates the largest contributor to the freshwater eutrophication category is 

transport, in both of the two systems. A total of 39.8 and 33.8 percent in the vertical farm and 

the mushroom farm respectively. 

 
(a) Contribution from vertical farm  (b) Contribution from mushroom farm 

 

Figure 19: Contributional analysis over current state potential impact on Freshwater 

Eutrophication 

 

Noticeable in Figure 20, the largest reduction in the freshwater eutrophication, comes from 

the spent mushroom substrate synergy with a total of 3.7 percent. Out of these 3.7 percent, 

3.0 comes from a reduction in transport due to the reduced need to transport peat and 

plastic trays. 
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Figure 20: Characterization analysis between current state and the synergies in Freshwater 

Eutrophication 

6.4. Water depletion 

Figure 21 illustrates the contribution to the water depletion differs in the two separate 

systems. The main contributor from the vertical farm is the energy with a total of 85.2 

percent, while the main contributor in the mushroom farm is the operational material flows 

with 55.1 percent. 

  
(a) Contribution from vertical farm  (b) Contribution from mushroom farm 

 

Figure 21: Contributional analysis over current state potential impact on Water Depletion  

 

As illustrated in Figure 22, the difference between the scenarios is minimal with no potential 

reduction over 1.0 percent. The largest potential reduction comes from the spent mushroom 

substrate synergy with a total reduction of 0.7 percent with the largest contributor being the 

reduction in transport. 
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Figure 22: Characterization analysis between current state and the synergies in Water 

Depletion 

6.5. Sensitivity analysis - Scale 

As of the current state there is a problem with the symbiosis between the two systems due to 

the scale difference. Therefore, the study investigated the potential of balancing the scale of 

the two systems. Looking at the third symbiosis, the limiting factor is the amount of SMS 

produced by the mushroom cultivation. If the mushroom farm would be scaled up to be 8.48 

times bigger according to Calculation 4, the SMS would be in balance to replace all the peat 

needed in the VF. This would not just reduce the peat but also the amount of plastic waste 

through the reduction in non-reusable trays. The reduced amount of operational input would 

also result in a reduced need for transportation. The scale difference in the spent 

mushrooms substrate synergy would therefore lead to an increased effect in all the four 

impact categories, as demonstrated in Figure 23. The total reduction in climate change 

would go from 6.6 percent up to 61.4. In fossil depletion the reduction would go from 6.7 

percent up to a total reduction of 78.9 percent. Freshwater eutrophication would go from 3.7 

percent to 35.9 percent. While water depletion goes from 0.7 percent, down to 0.0. 

 

 
Figure 23: Characterization analysis between current state and balanced the spent 

mushroom substrate synergy in monitored impact categories 
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7. Discussion  

This chapter will show a discussion over multiple topics related to the previous found results. 

7.1. Validation  

In an attempt to validate the results of the report, a comparison to other scientific articles 

have been made. Comparing the results of Barge (2020) which investigate the potential 

impact of 1.0 kilogram of vertically farmed basil, it can be seen that the lettuce and the basil 

are close to each other within all the four monitored impact categories. Similarly, when 

comparing the results to Martin et al (2023), who studied 1.0 kilogram of edible herbs, we 

observe close alignment in impact categories like climate change and freshwater 

eutrophication. However, there's a noticeable difference in water depletion, where lettuce 

shows only 29 percent of the potential compared to edible herbs. Despite variations in the 

specific crops studied, it is essential to recognize that the fundamental processes of VF 

exhibit similar potential impacts. The similarities in the potential impact suggest that the 

modeled processes are comparable.  

 

Comparing the potential impact of 1.0 kilogram of farmed oyster mushrooms in this report to 

Dorr (2020) and Lemaitre (2022), this report's findings show similar potential impacts in 

climate change and freshwater eutrophication.  However, there is a difference in the 

potential impact in both fossil depletion and water depletion, which is lower in this report 

compared to the other two. No noticeable difference has been identified in the models and 

the difference is therefore assumed to be the result of variation in model assumptions, data 

sets, model assumptions and impact assessment method. In comparison to Dorr (2020) 

which investigated multiple impact assessment methods a difference can be seen in the 

results between the different models, with a value closer to this report when using ReCiPe 

2016 (H) midpoint. Finding the similarities and reason for the dissimilarity in the results 

provides valuable insights into the validation of the impact assessment. This validation 

strengthens the reliability of the findings presented in this report. 

7.2. Who gets the benefit? 

When looking further into the ecological benefit that comes from the synergy it is worth 

discussing who will get the benefit. Using the spent mushroom substrate synergy as a 

reference system it can be argued that the VF would get the benefit due to avoided raw 

material input, but it can also be argued that the mushroom farm would get the benefit due to 

avoided waste management of by-products. Separating the benefit between the two systems 

in this way risks splitting up the benefit unequally and therefore only encourages one of the 

sides to improve and implement the synergy. To counter this, allocation methods can be 

used to share the benefit equally between the two. Physical allocation may include allocation 

such as economic, mass, energy or 50/50 (Martin, Svensson and Eklund, 2015).  

 

 

 

 



 

41 

However, allocation of the benefit between the two systems can be avoided by instead 

implementing a system expansion method, something that is preferred according to 

Weidema (2001). System expansion includes both parts of the functional unit instead of 

viewing them as two separate (Martin, Svensson and Eklund, 2015). One important factor 

when using system expansion is that the by-products replace the other raw inputs, which 

means that there must be a demand on the market for this supplementation for the system 

expansion to work (Ekvall and Finnveden, 2001). Something that is created within the 

system expansion as it is modeled with the relative scales. All the benefit is then received by 

the mushroom company due to avoiding the need to use peat as a raw input in the VF 

(Martin, Svensson and Eklund, 2015). This report does use system expansion to look at the 

total benefit of utilizing the SMS as a growth medium instead of peat. Despite this, there is 

the benefit of not splitting up or focusing on one of the separate systems. The benefit is seen 

as a total theoretical possibility if the two systems would cooperate and work as one. 

7.3. Scale differences 

The relative scale between the two separate systems is important to take in consideration 

when calculating the potential impact of the synergy. This is due to the fact that the two parts 

of the functional unit are determined independently from the scale but instead in relation to 

each other. If this relative scale would be used it would missguide the results from the truth 

since there would not be sufficient material flows between the two in order to implement. The 

relative scale is seen as a recurring problem in the first three synergies. The difference in 

scale results in a limitation that otherwise could enhance the synergistic effect. In all the 

three mentioned synergies the mushroom farm is the one that is too small in relation to the 

VF. In order to get the full effect from the synergy the mushroom farm can be scaled up to be 

6.87, 19.80 and 8.48 times bigger, in synergy one, two and three respectively (Calculation 

4).  

7.4. Further studies 

One problem that has arisen during the result that is worth discussing further is the distance 

between the two separate systems. In situations such as synergy two and three, the 

distance to transport the materials between the two systems is not a problem despite 

preference to avoid it. However, in synergy one and four, there are technical limitations with 

keeping the two farms far away from each other. It would therefore be beneficial to 

investigate locations that are large enough to contain both farms close to each other. In 

combination with relocating it could be investigated the potential overall effect of upscaling. 

Regarding the optimal scale it could also be beneficial to further study the optimal scale for 

the light transfer synergy. The first step of determining the optimal scale is to determine the 

optimal technology used to transfer the light between the systems. Once the technology is 

determined, the optimal relative scale between the two systems can be calculated. 
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Another area of further study is to investigate the economic side of the synergies by 

analyzing the life-cycle cost (LCC). To make the operation of each system more profitable 

could be of interest for both systems due to the possibilities to reduce the large investment 

costs as a hindrance and open up to possibilities to expand in size or in number of locations.  

An expansion in size could result in a larger resilience in the food system, higher food 

security, of a city due to an increased amount of food produced (Toth, Rendall and Reitsma, 

2015). While an expansion in the number of locations could mean an increased resilience in 

other cities that might not have an UF system as of now. This will not just increase the 

resilience in that city as well but on a regional or a national level (Kahiluoto, 2020). The 

economic factor in the equation is not only important to be able to expand the production, but 

by involving the economics in relation to the reduced potential impact, it can be determined 

where the money should be located to result in the largest effect per unit of money. 

 

As mentioned by Stockholm Mushroom Farm (2024) there is a risk of cross-contamination 

when using SMS as the growth media to farm plants. To eliminate this the substrate would 

need to be pasteurized. In an attempt to investigate how SMS stands against peat as a 

growth substrate, the microbial potential was compared between peat and two different 

types of SMS. The first type of SMS originates from primary decomposers and the second 

one from secondary decomposers, such as Oyster mushrooms. Results showed that both 

types were beneficial in terms of increased plant growth and defense. However, the SMS 

originating from secondary decomposers showed to be the superior of the two (Khalil et al, 

2024). It would therefore be interesting to investigate whether the SMS from the Oyster 

mushrooms could be involved in bulk substrate to produce secondary decomposers to 

further alter the substrate to be optimized as growth substrate for farming of lettuce. 

7.5. Verification 

When verifying the report it is worth acknowledging that the limitation of time in combination 

with the authors possibility to make assumptions, decide what to cut off and identify 

synergies may result in a subjectivity added to the report. A development of this study could 

therefore be done by including other flows that might have an effect and at the same time 

including multiple points of views to reduce the subjectivity and generate a more accurate 

and scientific result. Other changes that could have been made could have been to include 

other companies in the same area to get a more generalized result. As of now there is a risk 

that one of the companies has one or multiple parts in their process that differs from its 

competitors and therefore give a misleading picture compared to the rest of the industry.  

 

In an attempt to generalize the results to other areas it could be of interest to investigate the 

potential impact of changing variables in the model. It has been shown that the change of 

energy mix could have an increasing effect on the potential impact (Martin, Elnour and Siñol, 

2023). Other variables that could be investigated could for example be the growth substrate 

used in the VF, which contains other materials than peat, such as coir, in other VF 

alternatives (Grönska, 2024). 
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8. Conclusion  

When observing two separate systems, first one a vertical farm cultivating lettuce and the 

second one a urban farm cultivating oyster mushrooms, potential synergies could be found 

viewing the two systems as one. The four synergies identified were; “Carbon dioxide 

cycling”, utilizing “Organic waste”, utilizing “Spent mushroom substrate” and “Light transfer”. 

The potential effect of these synergies varied with the largest overall potential environmental 

impact reduction in third synergy, utilizing the SMS as growth medium in the VF. However, a 

recurring problem in the three of the synergies, the spent mushroom substrate synergy 

included, was the current scale difference in the systems. By theoretical upscaling the 

mushroom farm it could be seen that the potential benefit of the spent mushroom substrate 

synergy increased within all the four monitored impact categories.  

 

However, further studies are recommended on each of the synergy to justify the synergies 

through science based tests. Then a real upscaling of the mushroom farm can be 

investigated where it can be done in combination with a economical analysis to examine 

further reasons for the companies to cooperate and initiate the synergies. Other areas of 

further studies can be to investigate optimization within the new system such as include 

further mushroom production steps to increase the effectiveness of the SMS as a growth 

medium. 
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10. Appendix one - Calculations 

Calculation 1 

The remaining amount of CO2 per kilogram is calculated by taking the amount of CO2 per 

kilogram of lettuce times the total amount of lettuce produced in a month and subtracting the 

amount of CO2 that is produced by all mushrooms produced during a month. That number is 

then divided by the amount of lettuce produced in a month. 

((200 ∗ 2500) − (728,1 ∗ 100))

2500
≃ 170,88 

Since the amount of CO2 used by the lettuce is greater than the amount of CO2 produced 

by the mushrooms, all the CO2 by the mushrooms will be spent.  

170,88 ≻  0 

Calculation 2 

The organic waste produced per kilogram of lettuce is 2,2 kilogram, where 90 percent is 

water and the remaining 10 percent is dry matter. Dividing the needed amount by the 

amount produced from one kilogram of lettuce will result in the amount of kilograms that 

would be needed to produce sufficient amounts of the material. Therefore, the lowest 

number will be material limiting the process.  

𝑊𝑎𝑡𝑒𝑟: 
2,5

2,2 ∗ 0,9
≃ 1,26 

𝐷𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟: 
1

2,2 ∗ 0,1
≃ 4,55 

That information is then used to calculate where the amount of water needed for a month is 

represented by water from organic waste from X kilograms of lettuce. 

𝑋 =  
2,5 ∗ 100

2,2 ∗ 0,9
≃ 126,26 

126,26 ≼  2500 

Which is less than the amount of kilograms that is produced during a month and no water 

will therefore be needed as input in the mushroom substrate. The new amount of straw 

pellets and the remaining amount of organic waste can then be calculated. 

𝑆𝑡𝑟𝑎𝑤 𝑝𝑒𝑙𝑙𝑒𝑡𝑠:
((1 ∗ 100) − (

2,5 ∗ 100
2,2 ∗ 0,9 ∗ 2,2 ∗ 0,1))

100
≃ 0,72 

𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑤𝑎𝑠𝑡𝑒:
(2500 −

2,5 ∗ 100
2,2 ∗ 0,9 )

2500
∗ 2,2 ≃ 2,09 

The transportation is also adjusted according to changed values. 
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Calculation 3 

Assuming that peat and SMS are equivalence it can be calculated what is the limiting factor 

during a month of production.  

𝑆𝑀𝑆: 2,1 ∗ 100 ≃ 210  

𝑃𝑒𝑎𝑡: 0,71 ∗ 2500 ≃  1780 

210 ≼  1780 

This means that the SMS will be the limiting factor and all SMS will be used. The new 

amount of peat can be calculated.  

((0,71 ∗ 2500) − (2,1 ∗ 100))

2500
≃ 0,66 

The amount of plastic trays can then be calculated. This is done using the same percentage 

reduction as the peat and with an addition of the plastic used for the extra needed 

pasteurization. The pasteurizer can pasteurize 25 bags per time for a total of 90 kilograms. 

The bags weigh 26 grams and the difference from the original amount of peat and the new is 

how much that is used from each pasteurization. 

(0,12 ∗

((0,71 ∗ 2500) − (2,1 ∗ 100))
2500
0,712

) + (
25 ∗ 26 ∗ (0,71 − −

((0,71 ∗ 2500) − (2,1 ∗ 100))
2500

)

90
)

≃ 0,11 

The amount of plastic waste is reduced to the same amount of the new plastic tray input. 

The additional energy that is needed for the pasteurization can also be calculated by using 

the amount of energy needed per pasteurization, dividing it the energy per kilogram and 

multiplying it with the amount of SMS that will be used per kilogram of lettuce produced. 

62500

90
∗ (25 ∗ 26 ∗ (0,71 − −

((0,71 ∗ 2500) − (2,1 ∗ 100))

2500
)  

≃ 0,0189(𝑐𝑜𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 𝑘𝐽 𝑡𝑜 𝑘𝑊ℎ) 

The transportation is also adjusted according to changed values. 

 

Calculation 4 

The limiting factor in the carbon cycling synergy is the CO2 produced by the mushrooms that 

will be used as the foundation to find the optimal scale of the mushroom farm. The scale will 

be given as X1 times bigger. 

𝑋1 =
200 ∗ 2500

728,1 ∗ 100
≃ 6,87 
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The limiting factor in the organic waste synergy is the water used in the mushroom bulk 

substrate and will be used as the foundation of this calculation to find the optimal scale. The 

scale will be given as X2 times bigger. 

𝑋2 =
2,2 ∗ 0,9 ∗ 2500

2,5 ∗ 100
≃ 19,80 

The limiting factor in the spent mushroom substrate synergy is the SMS produced by the 

mushrooms and will be used as the foundation to find the optimal scale. The scale will be 

given as X3 times bigger. 

𝑋3 =
0,71 ∗ 2500

2,1 ∗ 100
≃ 8,48 

11. Appendix two - Expected lifetime 

In this appendix the expected lifetime for all materials used in structure is listed. 

 

Table 25: List of estimated lifetimes 

Material / Energy Lifetime (years) Data name Source 

Vertical farm 

Germination chamber 40,0 market for steel, low-alloyed (Lemaitre, 2022) 

Cultivation shelves 40,0 market for aluminium, cast alloy Estimate 

Cultivation shelves 40,0 market for steel, low-alloyed (Lemaitre, 2022) 

LED-lights 13,7 market for light emitting diode (Lemaitre, 2022) 

Seeder machine 40,0 market for steel, low-alloyed (Lemaitre, 2022) 

Harvest machine 40,0 market for steel, low-alloyed (Lemaitre, 2022) 

Ventilation 5,0 Market for ventilation system Estimate 

Humidifier 10,0 market for aluminium, cast alloy (Lemaitre, 2022) 

Mushroom farm 

Frame 5,0 market for structural timber Estimate 

Walls 5,0 market for extrusion, plastic film Estimate 

Shelves 40,0 market for steel, low-alloyed (Lemaitre, 2022) 

LED-lights 13,7 market for light emitting diode (Lemaitre, 2022) 

Ventilation 5,0 Market for ventilation system Estimate 

Humidifier 10,0 market for aluminium, cast alloy (Lemaitre, 2022) 

Isolation (pasteurizer) 20,0 market for glass wool mat (Lemaitre, 2022) 

Pasteurizer 5,0 market for steel, low-alloyed Estimate 

Mixer 5,0 market for steel, low-alloyed Estimate 

Pressure cooker 10,0 market for steel, low-alloyed Estimate 
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12. Appendix three - Transportation 

In this appendix the estimated transport distances for each operational material flow is listed. 

 

Table 26: List over transport distance for operational material flows in the current state 

Transport (lettuce) kg km kgkm Source 

Peat 0,7 1434 1021 (Nära, 2024) 

Plastic trays 0,1 1434 172 (Nära, 2024) 

Seeds 0,0 100 0 Estimate 

Nitrogen 0,0 2593 7 

(Nära, 2024), (Hydrogarden, nd.a) and 

(Hydrogarden, nd.c) 

Phosphorus 0,0 2593 2 

(Nära, 2024), (Hydrogarden, nd.a) and 

(Hydrogarden, nd.b) 

Potassium 0,0 2593 8 

(Nära, 2024), (Hydrogarden, nd.a), 

(Hydrogarden, nd.b) and (Hydrogarden, nd.c) 

Magnesium 0,0 2593 2 

(Nära, 2024), (Hydrogarden, nd.a) and 

(Hydrogarden, nd.b) 

Sulphate 0,0 2593 2 (Nära, 2024) and (Hydrogarden, nd.b) 

Nitric acid 0,0 2593 3 (Nära, 2024) and (Terra Aquatica, nd) 

Calcium 0,0 2593 4 (Nära, 2024) and (Hydrogarden, nd.c) 

Citric acid 0,0 2593 1 (Nära, 2024) and (Terra Aquatica, nd) 

Phosphoric acid 0,0 2593 1 (Nära, 2024) and (Terra Aquatica, nd) 

Carbon dioxide (CO2) 0,2 100 18 Estimate 

Transport (mushroom) kg km kgkm  

Malt sugar 0,0 323 0 Estimate based on general location 

Plastic (bag) (mycelium) 0,0 6000 4 Estimate based on general location 

Cloth (bag) (mycelium) 0,0 6000 1 Estimate based on general location 

Wheat grain 0,1 323 19 Estimate based on general location 

Plastic (bag) (substrate) 0,0 6000 111 Estimate based on general location 

Cloth (bag) (substrate) 0,0 6000 16 Estimate based on general location 

Straw pellets 1,0 323 323 Estimate based on general location 

Gypsum 0,1 559 44 Estimate based on general location 

wheat bran 0,2 323 58 Estimate based on general location 

Plastic wrap 0,0 6000 7 Estimate based on general location 

Soap 0,0 323 0 Estimate based on general location 

 

Total transport lettuce (tkm) 1,251040944 

Total transport mushroom (tkm) 0,5828701 

Total (tkm) 1,833911044 
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Appendix four - Interview 

1. What is the volume of production (kg/month)? How many blocks do you produce and 

with how many flushes from each block? 

 

For the following questions, we will use one fruiting block of oyster mushrooms being 

harvested X times (flushes) as a reference. 

 

2. Regarding materials used during the process 

 

a. Spawn production: 

i. What kind of spawn substrate do you use? 

ii. How much spawn substrate is used per block? 

 

b. Substrate materials: 

i. What kind of material is the bulk substrate? 

ii. How much substrate is used per block, for each material? 

 

c. Substrate transformation 

i. How is the substrate mixed? How long does the process last? What 

is the energy consumption of the process?  

ii. How is the steam-sterilization process? How long does the process 

last? What is the energy consumption of the process?  

iii. How is the substrate cooled? How long does the process last? 

What is the energy consumption of the process?  

 

d. Cultivation 

i. Humidifier: What is the energy consumption per hour? Working hours 

per day? 

ii. LED-lighting: What is the energy consumption per hour? Working 

hours per day? 

iii. Ventilation: What is the energy consumption per hour? Working hours 

per day? 

iv. Heater: Consumption? What is the energy consumption per hour? 

Working hours per day? 

 

e. Cleaning 

i. What is the general cleaning process? 

ii. How often is the cleaning done? 

iii. What is the amount of the materials that you use? 

 

3. What kind of by-products and waste are produced during your production process? 

4. How do you dispose of the waste? Is there any pre-treatment? 

5. Duration of the different stages (days)? 

6. Do you reuse the SMS in any way after farming the mushrooms? And is there any 

extra process that comes with that? 

7. What are the primary materials used to construct your cultivation area? 


