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Introduction: Urban agriculture, particularly mushroom cultivation in basements,
offers a sustainable solution to climate change, land scarcity, and food security
challenges. This article explores the viability of cultivating Agaricus bisporus (white
button mushrooms) in basements, while also considering the potential of a sharing
economy business model to address these issues.

Methods: We simulate basement and ground-level room conditions, comparing
factors such as temperature, humidity, light exposure, and air quality, which are
crucial for mushroom growth. Economic calculations are also included to assess
costs and profits, allowing for a comparison of feasibility and cost-effectiveness
between the two environments.

Results: The basement environment proves more favorable for mushroom
cultivation, with stable temperatures and higher humidity reducing energy
requirements. Economic analysis shows that basement cultivation has lower
initial and operational costs compared to ground-level spaces.

Discussion: Basement cultivation of Agaricus bisporus offers a sustainable
solution for urban agriculture, addressing food security and land scarcity.
Integrating this practice into a sharing economy model could further enhance
its feasibility, contributing to environmental sustainability and economic growth
in cities.

KEYWORDS

urban agriculture, sharing economy, climate change, food scarcity, Agaricus bisporus,
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1 Introduction

There has never been a more pressing need for creative and sustainable alternatives to
agricultural operations than in this age of climate change, land scarcity, and food security.
Rapid urbanization, coupled with the escalating challenges posed by traditional farming
methods, necessitates a paradigm shift in how we cultivate and access food. Urban agriculture
has emerged as a promising solution, empowering communities to produce food locally and
mitigate the adverse impacts of these global challenges (Langemeyer et al., 2021).

Urban agriculture is one example of an innovative urban development solution that enables a
partial relocalization of the food system (Skar et al., 2020). Cities can use urban agriculture to
cultivate abandoned land and buildings (Carlet et al., 2017). There are other spaces in cities that can
be used for urban agriculture—basement spaces. As spaces of any kind are rare in cities, the
basement spaces are no exception. Basement cultivation of mushrooms offers an interesting
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alternative for using these spaces. Furthermore, if the sharing economy
business model is applied, it could be a more efficient way of using them.

According to Certified Urban Agriculturist Grant (2022), the best
vegetables to grow inside are lettuce, spinach, radishes, and Swiss
chard. Growing vegetables in your basement gives you the ability to
experiment with different lighting levels and tones. Because it can
be difficult to set up a growing environment indoors for sun-loving
veggies, growing mushrooms indoors has even more benefits than
growing vegetables (Grant, 2022).

Martin et al. (2022) in the study published on Frontiers.org have
studied the Potential of Building Integration and Regional Synergies to
Improve the Environmental Performance of Urban Vertical Farming. This
study focuses on a prospective assessment of a hypothetical vertical farm
located in Hammarby Sjostad, a city district within Stockholm, Sweden.
Within the study of lighting and temperature control, several assumptions
were made. Various sensitivity analyses were performed to highlight the
potential of developing symbiotic systems for vertical farms through the
exploration of building integration and synergies with regional businesses
and markets.

Urban agriculture is of increasing interest for tackling a range of
environmental and social issues of the current food systems. However,
many questions remain unanswered regarding upscaling, the
balancing of its multipurpose nature, and how it should be embedded
into the broader urban system. The realization of the transformative
potential of urban agriculture based on industrial ecology and
inclusive co-design is discussed in the study by Weidner et al. (2018),
which discusses the current knowledge on urban agriculture in
productive urban food systems: learnings, gaps, and outlook.

It is important to explore the viability and benefits of basement
cultivation of mushrooms as a sustainable solution to climate change,
land scarcity, and food security. The growing urban population, climate
change, and the scarcity of natural resources are major worldwide
challenges. In the coming years, it is needed to ensure that more food is
available to feed Earth’s growing population (Orsini and D'Ostuni, 2022).

Basement cultivation of mushrooms presents a host of advantages
that make it an attractive proposition for urban agriculture. These benefits
include efficient use of space, reduced water consumption, minimal
reliance on arable land, and the potential for year-round cultivation.
Additionally, mushrooms possess a remarkable ability to recycle organic
waste and convert it into nutritious food, thus contributing to waste
reduction and resource efficiency. Some of the disadvantages related to
urban agriculture can be overcome by growing mushrooms because
mushrooms are low maintenance, they do not require daylight or artificial
light manipulations, and they can be grown all year round.

Like urban agriculture, the sharing economy could also be seen as
a pathway to more sustainable consumption and production practices
(Martin, 2016). There are already examples of the interconnection of
these concepts. The principles of sharing in the form of collaboration
among volunteers and the sharing of resources, crops, and knowledge
are visibly applied in community gardens (Specht et al, 2021).
Alternative food networks are another case where co-ownership and
shared access to resources such as land, water, and agricultural
equipment (Miralles et al., 2017).

In general, the sharing economy can work as a business model
where not only financial motivations play a role, but often
non-financial motivations are more important. A very essential
element for the functioning of a sharing economy is trust between the
actors involved (Hauwers et al,, 2020). In addition to financial
motivations, urban agriculture can also work on a non-financial basis,
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such as on the basis of solidarity. An example can be urban community
gardens, where people do not work because they must, but because of
the pleasure (Rosol and Schweizer, 2012).

In this review, we underline the advantages of urban basement
conditions for growing Agaricus bisporus mushrooms. Basement
conditions are more cost-effective and environmentally sustainable
when compared to ground-level conditions, using different literature,
and creating simulated spaces in the basement and ground-level room
various calculations were performed using sensitivity analyses.

2 Conceptual framework

Mushrooms are a versatile and nutritious food source that can
be grown in a variety of environments. One popular location for
mushroom cultivation is the basement of a home or other building. This
location offers several advantages, including a consistent temperature
and humidity level, as well as protection from external weather
conditions. However, not all mushrooms are suitable for growing in a
basement environment. In urban environments, mushrooms are
unique in their ability to be highly adaptable and able to grow in small
spaces, indoors and outdoors. Private storage sheds and basements are
ideal for growing an additional protein source such as mushrooms. As
fungi develop from fungal spores that thrive in moist, dark
environments, they require a growing medium rich in decaying plant
matter, and old industrial buildings with dark and moist environments
are ideal for growing them. The button mushroom Agaricus bisporus
is cultivated almost worldwide. Its cultivation is standardized, and a
temperature of 16-19°C is needed during the fruiting period; however,
according to Foulongne-Oriol et al. (2014), A. bisporus cultivars can
fruit at higher temperatures as well, which represents a promising
alternative to reduce energy costs during cultivation in hot weather
conditions; within the study tested Agaricus bisporus var. burnettii was
able to fruit at 25°C as well. Mushrooms are very low in calories and
have a high protein content (Atila et al., 2017) as can be seen in Table 1.

3 Estimated numbers of basement
spaces in the big European cities

Urban areas have significant potential for different types of
agriculture, especially for growing mushroom. While traditionally
associated with rural areas, agriculture is currently being increasingly
integrated into urban environments through the concept of urban
agriculture. Urban areas offer various advantages for agriculture and
mushroom growing.

According to the Office for National Statistics, London had 3.5
million households in 2022 (Office for National Statistics, 2023). If we
generalize the number in the 5-floor residential buildings which consist
most of the population of this megapolis we can assume that in the case
that each block has four addresses on each floor usually, and the total
amount of households is 20 in each block, we can divide the number of
3.5 million households on the average number of 20 and total assumed
number of residential buildings in London can be calculated as 175,000.
According to Seghezzi (2018), the average area of residential buildings in
Europe varies significantly from country to country. The study which is
called “A Decision Support Framework for Technology related choices in
fagade retrofit: relevance and impact of morphological factors on retrofit
interventions value” gives us Figure 1 provides the average floor areas of
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TABLE 1 Agaricus bisporus important nutritional values per 100 g (3.5 oz) of dry raw white.

Protein Niacin Riboflavin Vitamin C
93 KJ (22 keal) 3.09¢g 0.34¢g lg 3.61 mg 0.402 mg 2,1 mg
Source: USDA Database (2019).
Floor area for dwellings (average)
150
140
130
120
110
100
10
& & cx‘\ N
FIGURE 1
Average floor area of residential building stock in Europe. Source: Seghezzi (2018).

residential buildings in various countries. In the UK, the average floor
area of residential buildings is approximately 90 m”.

This gives us the total average number of living area is 175,000 x
90 = 15.75 million square meters. In the case of use of the basement
areas with a rate of 10% in London, there is the potential to grow
Agaricus bisporus on an area of 1,575 million square meters.

According to the data of the French National Institute of Statistics
and Economic Studies Paris had 1.13 million households in 2019
(INSEE, 2023). With a similar method to London, we can calculate the
approximate number of residential buildings by dividing the number
of 20 households and there are 56,500 residential buildings
approximately in Paris. According to Seghezzi (2018), average area of
residential buildings in France is approximately 90 m as well. With the
numbers, the total average area of residential buildings in Paris is
56,500 x 90 = 5.1 million square meters. With the same potential rate
of 10% basement areas 508,500 square meters of basement area can
be used for growing Agaricus bisporus in Paris.

Madrid has a household number of approximately 2.64 million
(INE, 2022). With the same method of calculation, we have already
used for the previous two cities the number of residential buildings in
Madrid is 132,000. According to Seghezzi (2018), Madrid has an
average 90 m average area of residential buildings. The total average
area of residential buildings and basements will be calculated as 132,000
x 90 = 11.88 million square meters and the 10% potential for growing
Agaricus bisporus will be 1,188 million square meters in Madrid.
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4 Urban agriculture and
environmental impacts

Urban agriculture has the potential to mitigate the environmental
impacts of the food system (Benis and Ferrao, 2017), but it also has some
environmental impacts of its own (Dorr et al., 2021). The authors selected
various types of urban agriculture and evaluated their environmental
impacts. Among the evaluated types of urban agriculture are community
gardens, rooftop gardens, urban beekeeping, green walls, balcony gardens,
and basement cultivation. The effects assessed are the impacts on the
landscape character, water pollution, water consumption, energy
consumption, air pollution, degradation of soil, and biodiversity. The
effects are rated as neutral (0), negative (1), or positive (2). Table 3 shows
that all selected types of urban agriculture have mostly positive or neutral
environmental impacts. An exception may be community gardens, where
certain agricultural practices (such as improper use of pesticides) may
result in water pollution or degradation of soil. On the other hand,
outdoor urban agriculture such as community gardens or rooftop gardens
can contribute to the improvement of urban environmental factors in a
different way than indoor urban agriculture (Milestad et al., 2020), among
other things they transform the “gray urban landscape” into green and
help promote biodiversity. Due to the technologies used (sophisticated
irrigation systems, etc.), basement cultivation (like almost all other types
of urban agriculture) has positive impacts on water and energy
consumption and has neutral impacts on water pollution or air pollution.
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Basement cultivation (and other indoor types of urban
agriculture) does not have the risks associated with urban pollution.
Urban gardening has such risks, for example, due to exposure to
contaminated soil (Kim et al,, 2014). Urban beekeeping is also
problematic from this point of view. Studies suggest that there is a
risk for honeybees in cities. Due to pollution, the ability of honeybees
to recognize a floral blend is reduced (Langford et al., 2023).

5 Basement cultivation of mushrooms
and sharing economy

Basement cultivation of mushrooms in cellars could work as a
part of a sharing economy business model. Basements in apartment
buildings are often owned by the community of unit owners of the
apartment building, and the individual owners have the exclusive right
to use them. Often, cellars are only used to store old, unused items.
The cultivation of mushrooms offers a more efficient use of these
scarce spaces (especially in cities). If there were an electronic P2P
platform that would allow individual owners (or communities of
owners) to offer their (previously little used or unused) cellar for
mushroom cultivation, with low transaction costs, cellars could
function in a similar way to apartments/houses in the case of the
Airbnb platform. Sharing/selling the harvest of the mushrooms grown
in the cellars is another way of engaging the sharing economy. Indeed,
the harvest could also be offered via a digital sharing economy
platform with the possibility of using result-oriented (RO) business
models (Ritter and Schanz, 2019).

A closer look at the individual actors in this sharing economy case
shows what the potential benefits could be. As mentioned earlier, the
individual owners/communities of unit owners (“providers”) can offer
their cellars which are currently unused and where only expenses are
paid (e.g., for electricity). If someone is interested in the cultivation of
mushrooms in their cellars, they can generate (at least some) revenues.
Mushroom growers could have these additional basement spaces for
their activities and can generate higher revenues. The P2P platform for
transactions between providers and mushroom growers could have
revenues from these transactions (in the form of fees). Due to the
positive externalities (such as shortening the transport distance of the
mushrooms) there are other benefits for the whole community in the
city (waste reduction, less pollution from traffic, etc.).

On the other hand, there are also negative externalities. Greater
expansion of the basement cultivation of mushrooms due to the P2P
platform may cause some difficulties for owners of neighboring cellars
or neighboring apartments, for example, because of a smell from the
cultivation. However, as people do not usually spend much time in
cellars and cellars are usually well separated from living spaces
(apartments), the impact of this type of negative externality is minimal.

6 Methodology

To compare the conditions of two different spaces for growing
Agaricus bisporus, we have used a simulation of spaces and used
different data connected to the basement conditions or ground-level
conditions. Freely available data were collected to determine yearly
basement average temperatures from the town of Turku, Finland. Data
were collected from Abo Akademi University meteorological station
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(Abo Akademi University, 2024). Every month’s average temperature
was compared to the standardized Agaricus bisporus growing
temperatures, which is 16-19°C according to Foulongne-Oriol et al.
(2014). Differences between the desired temperature and real average
temperature were calculated, and to calculate energy spent, a British
thermal unit calculator was used. BTU Calculator (Calculator.net,
2024) is the tool that determines energy spent per square meter per
1-h period, by knowing the simulated area of 20 square meters and the
amount of desired temperature growth/decreases multiplied by the
amount of hours per month and the total amount was determined for
1-year period (Figure 2).

7 Results

Average temperatures and the desired growing temperatures for
Agaricus bisporus were collected, along with the heating and cooling
requirements for each space. These data, along with key economic
factors such as energy consumption and financial expenses, were
summarized in a single table comparing basement and ground-level
room conditions.

As close to the desired temperatures the natural condition of
each space is a more economical place for growing Agaricus
bisporus it gets, this trend can be seen in Figure 3. After the
simulation of the ground-level room (with heating), total energy of
4,180kwh was spent for a 20 square meter area room, while in the
basement condition, total energy spent was 437,6kWh for a
1-year period.

According to the European Commission Statistical Office, the price
of electricity for industrial use in Finland in 2022 was 0.19 USD cents
per kWh. In the ground-level room conditions with an area of 20
square meters, total spent for a year was calculated as 810USD and in
the same size basement conditions 84.8USD for creating desired
temperatures of Agaricus bisporus growing in Turku, Finland. Within
the same source, the price of electricity in France is 0.22USD and total
spending for growing Agaricus bisporus on a 20-square-meter

4,180kWh |

o [ |

2.5m.

FIGURE 2
Simulated comparison of the Basement level room conditions and
Ground level conditions 205 in the spending of electricity for one year.
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Sensitivity Analysis - Basement

Cost USD

Temperature °C

FIGURE 3

Turku, Finland (Abo Akademi University, 2024).

Simulated sensitivity analyses, where costs, and energy spent are dependent on temperature according to the data of Abo Akademi University data in

Sensitivity Analysis - Ground level room

Cost USD

Temperature °C

Spendings (S)

EU

Madrid

London

Paris

Turku

“FEPRR

200 400 600 800 1000 1200 1400 1600

B Basement condition M Room condition

FIGURE 4
Financial spending for both conditions in the EU and simulated cities
in USD.

basement area will be 96,2USD for a year. United Kingdom has the
same price for electricity (Department for Energy Security and Net
Zero, 2024), and spending will be the same. In Spain, electricity is more
expensive and has a cost of 0.33USD per kWh, the total spending for
the year in Madrid basement of 20 square meters area will
be 144.4USD. European Union’s average price of electricity is 0.28USD
per kWh and the average energy for the basement conditions in the EU
will be 122,5USD per year and 1,170.4USD in the room conditions
(Figure 4).

8 Discussion

Mushrooms have gained popularity in recent years due to their
versatility and use in various cuisines. The growing interest in healthy
and sustainable food options has contributed to the increased
demand for mushrooms. The fact that mushrooms are a healthy food
is mentioned in many publications (Feeney et al., 2014; Beelman
etal, 2019; Rizzo et al., 2021; Bell et al., 2022; El-Ramady et al., 2022).
Growing mushrooms in urban basement conditions can
be environmentally friendly and economical at the same time. Similar
studies on cultivating other vegetables and fruits have been conducted
on various occasions (Conti et al., 2016; Milestad et al., 2020). The
best vegetables to grow inside are lettuce, spinach, radishes, and Swiss

Frontiers in Sustainable Food Systems

chard. Growing vegetables in your basement gives you the ability to
experiment with different lighting levels and tones. Because it can
be difficult to set up a growing environment indoors for sun-loving
veggies, growing mushrooms indoors has even more benefits than
growing vegetables (Grant, 2022). Mushroom cultivation requires less
land and water than traditional crops.

Most of the types of mushrooms have a lower carbon footprint
than many other crops. The process of growing Agaricus bisporus
is relatively quick, taking a few weeks rather than months, which
reduces the energy and resource inputs required for cultivation.
Martin et al. (2022) in their study simulating lighting and
temperature control, which is connected usually with high costs.
According to iFarm (2021) which is a famous international
company that develops software and hardware for vertical farming
and hydroponics vertical farms are more expensive to build than
greenhouses — sometimes it can be up to 10 times more costly.
According to their source, vertical farming costs $ 2,200 to $ 2,600
per square meter of cultivation bed space, while high-tech
greenhouses cost $ 250 to $ 350 per square meter of cultivation
space. Same-time mushroom growing does not require specific and
expensive equipment or materials, recycling organic matter can
be used as a growing base, and light control is not needed.

As the study shows basement conditions can be used to grow
Agaricus bisporus mushrooms. The main reason for it is the
temperatures in the basement, which is very close to the desired
Agaricus bisporus growing temperatures of 16-19°C. Half of the
year the artificial manipulation of temperatures is not needed in the
basement when in the ground-level room all the time is the need
for warming/cooling. Sensitivity analyses show that as close the
natural conditions were to the desired temperature line less energy
was needed to be spent. Basements provide a controlled
environment that can be optimized for Agaricus bisporus growth.
If we take the number of the basement areas in the simulated cities,
we can conclude that the growing Agaricus bisporus in the
basement conditions has great potential. With the price calculations,
we can assume that growing Agaricus bisporus in basement
conditions can be significantly cheaper than in all studied areas of
Finland, France, the UK, and Spain. Moreover, the potential of
growing Agaricus bisporus in cellar conditions could be even
greater if the sharing economy business model is applied.
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