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Abstract
While urban indoor farming is a fairly new phenomenon, there is a growing interest from producers, authorities and consumers
alike. However, many assumptions are made, and expectations held, about urban indoor farming from a sustainability, food
production and food provisioning point of view. These assumptions and expectations need to be tested and assessed. This study
assessed greenhouse gas (GHG) emissions and a number of social aspects of a newly established indoor urban farm in
Stockholm. The farm was the result of a project created by commercial, civil society and municipal actors with the aim to make
use of unused urban space, create jobs and produce food.While lettuce grown on the indoor farm emitted more GHG than lettuce
cultivated outdoors in Sweden, it was more climate friendly than imported lettuce in our comparison. Furthermore, the indoor
farm created value for the actors involved and for the city district, albeit on a small scale. Many of the positive environmental and
social features owed to the small scale of the indoor farm and the context in which it developed. Thus, when evaluating
production systems like this one, we need to be cautious and refrain from extrapolating the results.

Keywords Sustainable food production . Indoor farming . Urban agriculture . Temperate areas . Stockholm, Sweden.

1 Introduction

Traditional forms of indoor farming, such as conventional
greenhouse cultivation, still dominate the market globally in
terms of space with 496,800 ha (Hortidaily 2019), but novel
forms under various names have emerged in the last decade in
the global North. These include vertical farming (VF)
(Despommier 2010), zero-acreage farming (Zfarming)
(Specht et al. 2014) and the closely related building-
integrated agriculture (BIA) (Gould and Caplow 2012).

Various cultivation techniques are used on these farms – for
example, both in-soil and soil-less cultivation are found (Al-
Kodmany 2018). In all cases, crops are grown not in soil on
the ground, but in pots or in hydroponic systems. Thus, no
(farm) land is needed for this type of agriculture, which is one
of the main advantages cited by advocates (Despommier
2010). Urban soil can be contaminated, which is avoided if
cultivation occurs indoors (Lovell 2010). Furthermore, out-
door cultivation competes with housing and other uses of ur-
ban green space needed in growing metropolitan areas. In
shrinking cities, outdoor urban agriculture can be a use for
vacant land as in the case of Detroit, US (Viljoen and Bohn
2014) and indoor farms can make use of unlet space in build-
ings (Grewal and Grewal 2012). In cities concerned with their
food provisioning, urban farms in and on buildings can con-
tribute to food production for the city, which is mirrored in the
emergence of 193 North American Food Policy Plans
(Morgan 2015). In addition, claims are also made about how
urban indoor farming can contribute to fulfilling sustainability
goals (Despommier 2009; Germer et al. 2011; Benke and
Tomkins 2017).

Indeed, in the academic literature, many assessments
have been made of the potential of indoor farming in terms
of sustainability performance and the amounts of food that
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can be produced. For example, Despommier (2009) argues
that since the world’s population is increasing and conven-
tional farming is detrimental to the environment, food
should be grown in multi-storey vertical farms in cities.
This would free up land in rural areas and enable natural
ecosystems to recover, he argues (ibid). Less water and
energy would be needed (Al-Kodmany 2018), and the
use of fossil fuels would decrease due to less use of ma-
chines in conventional farming and less transportation as
food was produced locally (ibid). According to Kalantari
et al. (2017), increased vertical farming would help reduce
both starvation and climate change. These authors address
the potential efficiency of use of space and resources to
produce high quantities of food in high technological sys-
tems in Controlled Environmental Agriculture (CEA)
throughout the year. In most cases, the main crops are
leafy greens, tomatoes and strawberries (Agrilyst 2017;
Benke and Tomkins 2017). However, much less has been
written on assessments of real cases (e.g. Astee and
Kishnani 2010; Orsini et al. 2014; Graamans et al. 2018;
Semilla et al. 2018), and thus little is known about the
overall contribution of urban indoor farming in relation
to food provision and sustainability goals. Such assess-
ments are needed if we are to understand the possible
benefits of indoor farms and whether policy makers should
incorporate these types of farms into urban food strategies
(Mok et al. 2014). Urban indoor farms range from small-
scale cultivation chambers to large-scale “skyscraper farm-
ing” (Specht et al. 2014; Al-Kodmany 2018). Thus, as
stated by Eigenbrod and Gruda (2015), they need to be
assessed in their different contexts, in terms of scale of
production, technology used, crops grown, business
models and rationale for being developed. Indoor farming
could in practice be as unsustainable as conventional ag-
riculture (Specht et al. 2014).

The impacts of climate change due to human-induced
emissions of GHG are already seen in many parts of the
world, and in order to mitigate further change a significant
cut in emissions is needed before 2030. In its latest report,
the IPCC (2018) states that “global net human-caused emis-
sions of carbon dioxide (CO2) would need to fall by about
45% from 2010 levels by 2030, reaching ‘net zero’ around
2050” (p.1). Due to this challenge, it is of importance to study
whether or not the new production method of indoor urban
farming contributes to this endeavour.

We contribute to the discussion on the possible advantages and
disadvantages of urban indoor farming by assessing an existing
indoor urban farm in the city district of Högdalen, Stockholm.
The question that guided our research was: how does the
Högdalen indoor urban farm perform in terms of social and envi-
ronmental criteria? More specifically, we assess GHG emissions
compared with other production systems, and discuss a number of
social and economic aspects of this urban indoor farm.

We start with an overview of the literature on aspects of
urban farming and then go on to detail the methods used in the
study. We then present the results and finish with a discussion
on the guiding questions.

2 Different types of urban indoor farming
and their (claimed) performance

2.1 Types of indoor farms

One type of indoor farm is the vertical farm, in which plants
(and animals) are cultivated on multiple levels (Despommier
2010). Vertical farms can be integrated into buildings origi-
nally not purposed for agriculture, they can be (greenhouses)
placed on buildings or they can be “skyscraper farms”. These
latter 30-storey versions only exist as models and plans
(Despommier 2009; Kalantari et al. 2017; Al-Kodmany
2018). The three main techniques used in vertical farming
are hydroponics, aeroponics and aquaponics, often in combi-
nation with computerised or automated systems including ar-
tificial light (Al-Kodmany 2018). According to Beacham et al.
(2019), knowledge generation on vertical farming is led by
industries, and data is often based on marketing from the pri-
vate sector, and is not available for academic scrutiny.

Another type of urban farming encompassing indoor farms
is the “zero-acreage farming” (Zfarming) a concept coined by
Specht et al. (2014). Zfarming are forms of farming that do not
use farmlands or open space. This includes rooftop gardens
and greenhouses, edible green walls, indoor farms and vertical
greenhouses (Specht et al. 2014). A large proportion of forms
of such farms seem to be located in North America, followed
by Asia (Thomaier et al. 2015; Agrilyst 2017; Al-Kodmany
2018). Thomaier et al. (2015) suggested five different catego-
ries of Zfarms: commercial, image-oriented, social and
educational, for urban living quality, and as innovation
incubator. They conclude that this type of food production
can only provide a small share of the overall food demand,
for instance fresh fruits that are sensitive to long-distance trav-
el (ibid).

For the purposes of this paper, indoor urban farming is
understood as cultivation in premises with no sun light (such
as a garage, an attic or an abandoned factory building), thus
excluding cultivation in urban greenhouses where environ-
mental impacts during cultivation are most likely similar to
those in greenhouses in peri-urban areas or in the countryside.

2.2 Sustainability performance of indoor farms

There are far-reaching claims as to the sustainability perfor-
mance of indoor farms (Benke and Tomkins 2017). For exam-
ple, indoor farms are said to reduce food miles, air pollution,
water use and the need for fertilisers and pesticides, as well as
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using space more efficiently and conserving nature (e.g.
Despommier 2009; Kalantari et al. 2017; Al-Kodmany 2018).

There have only been a few previous attempts to measure
GHG emissions from existing indoor urban farms. Shiina
et al. (2011) found that the total CO2 emissions from cultivat-
ing leafy greens in an existing plant factory in Japan with no
daylight amounted to 6.4 kg of CO2 per kg of leaf lettuce
production, and the amount of CO2 emissions from lighting
and air conditioning (electricity use) tended to be large, at
90%. The same authors assumed that the electricity generation
result is 378 g of CO2 per kWh. This may be compared to the
Nordic average electricity generation, which is estimated at
50 g of CO2 equiva len ts per kWh (Energ i och
klimatrådgivningen 2019).

Burgos and Stapel (2018), who studied lettuce production
in vertical farming, found that 1 kg of lettuce contributed
5.7 kg of CO2 equivalents. Energy inputs accounted for the
highest source of CO2 emissions in current vertical farming,
90%. The same authors also created a scenario for improved
vertical farms, emitting 0.16 to 0.33 kg of CO2 equivalents
per kg of lettuce. Data for green vertical farms was partly
based on theoretical values.

Molin and Martin (2018), who studied vertical hydroponic
farming of basil, found that the carbon footprint was 3.9 kg of
CO2 equivalents per kg basil in a plastic pot. Emissions from
electricity production were assumed to be 100 g of CO2
equivalents per kWh in this study; and roughly 40% of the
total GHG emissions was due to lighting while another 40%
came from the manufacturing of garden soil.

Sweden has a growing season of between four and seven
months, meaning that fresh domestically grown vegetables
cultivated in the open field are available only during parts of
the year. Various solutions exist in order to supply the market
with fresh products throughout the year, such as importing
vegetables from countries with a warmer climate, (e.g.
Spain), or cultivating vegetables in heated and lighted green-
houses, either in Sweden or in a country like the Netherlands.
Several studies have compared how energy use and GHG
emissions differ between all these products, given the need
for transportation and heating of the out-of-season vegetables.
The results show that the lowest emissions vegetables are
those cultivated domestically on the open ground, while
imported vegetables cultivated without heating have lower
CO2 emissions than those grown in greenhouses, even when
long-distance transportation is considered (e.g. Hospido et al.
2009; Krewer, Emanuelsson och Zettergren 2013). Emissions
from greenhouse cultivation depend to a large extent on the
kind of fuel that is used for heating and lighting; fossil fuels
such as oil or natural gas produce much higher emissions per
kWh than biofuel and wind power.

The social benefits of indoor farms are said to range from
improved food quality to job creation and improved food se-
curity (Specht et al. 2014; Al-Kodmany 2018). Economically,

reduced costs have been observed from lower inputs of water,
use of recycled resources and larger yields (Al-Kodmany
2018). However, high initial costs are also mentioned by some
(Benke and Tomkins 2017) as well as high land prices in
metropolitan areas (ibid). It is doubtful whether low-income
countries would be able to afford the technologies needed for
indoor farming, and whether their people could afford the
products (Al-Kodmany 2018).

Thomaier et al. (2015) claim that Zfarming contributes to
building sustainable cities through social innovation and syner-
gies between buildings and farming. At the same time, “syner-
gies between farming and buildings are not yet fully exploited,
probably becausemost ZFarms are integrated into existing build-
ings. Existing building infrastructures are not necessarily com-
patible with the implementation of energy loops or other
resource-efficient systems” (Thomaier et al. 2015 p 49).

As for yields, Al-Kodmany (2018) reports a production of
leafy greens that is five to ten times greater per unit area com-
pared to conventional production in the Sky Greens Farms in
Singapore. Benke and Tomkins (2017) cite the company
Verticrop in Vancouver that claims their vertical hydroponic
farms can produce the same amount of food on a 50 by 75 ft
area of production as a conventional farm of 16 acres. In amodel,
37 storey, 0.93 ha vertical farm, Banerjee and Adenaeuer (2014)
claim it can support 15,000 people with enough vegetables, fruits
and fish. Lettuce produced indoors in the Philippines using LED
lights gave better yields due to better protection of the plants from
the effects of climate change, such as typhoons, droughts and
floods (Semilla et al. 2018).

2.3 Indoor farming compared to other forms of urban
agriculture

Outdoor urban agriculture, such as allotment gardening, com-
munity gardening and home gardening, contributes to urban
sustainability in other ways than indoor agriculture. As a part
of urban green space, outdoor cultivation provides a habitat for
other organisms. On a larger scale, urban outdoor agriculture
contributes to the connectivity of the landscape and green cor-
ridors in the urban space (Bohn and Viljoen 2011). Urban green
space contributes to more direct ecosystem services important
for human well-being, such as reduction of noise, air pollutants
and mitigation of urban heat island effects (Bolund and
Hunhammar 1999; Gómez-Baggethun and Barton 2013).
Urban agriculture that includes fruit or nut trees contributes
extensively to all categories of ecosystem services (Berghöfer
et al. 2011; Bauduceau et al. 2015). The multifunctional bene-
fits and ecosystem services from urban fruit forests have been
highlighted by Clark andNicholas (2013), as well as in Seattle’s
edible landscape (McLain et al. 2012) and in the green stretches
suggested by Bohn and Viljoen (2011) through their concept
Continuous Productive Urban Landscape (CPUL).
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Regarding the social benefits of outdoor urban agriculture,
community gardens in particular can contribute to social cap-
ital (Firth et al. 2011). The health benefits are multidimension-
al: aside from the physical activity and consumption of fresh
food, well-being derives from urban gardens’ aesthetic and
relational qualities – the relations between gardener-plants,
gardener-gardener and gardener-place. The pride that comes
from showing the garden to visitors also contributes to in-
creased health and well-being (Hale et al. 2011). The food
produced is not necessarily the main benefit: in a study of
50 community gardens in Stockholm, gardeners reported that
their reasons for participating in community gardening were
because it is fun, socially rewarding, and an expression of
environmental consciousness (Bonow and Normark 2018).
Community gardens as a form of do-it-your-self urbanism
(Finn 2014) enable people to participate in the design of their
own neighbourhood. In allotment areas, know-how on gar-
dening practices and ecological knowledge is shared among
gardeners and over generations (Barthel et al. 2010). When it
comes to food security and resilience of cities, the important
points are to preserve arable land and to preserve knowledge
about how to produce food among citizens (Barthel et al.
2015). More than 7000 people are active in allotment garden-
ing in Stockholm county (Swedish Allotment Garden Society
2019). In addition, private home gardens constitute 30% of the
land area of Stockholm county (RUFS 2018).

3 Methods

This study was part of a larger project funded by Sweden’s
Innovation Agency (Vinnova). The major parts of the project
concerned developing an indoor farm, bringing together ac-
tors and thinking ahead on future business models. A smaller
part concerned an exploratory assessment of the indoor farm,
which is reported in this article. The assessment was per-
formed in two parts. The first concerned the greenhouse gas
(GHG) emissions from the indoor farm in comparison to other
types of lettuce growing (see below). The second component
was a qualitative study of social factors to assess the broader
issues related to the sustainability of the farm. This was
achieved in two ways: 1) interviews with key actors,

combined with 2) field visits and observations. The three
key actors were formally interviewed once each. Interviews
were semi-structured, and they were recorded and transcribed.
The questions dealt with the history of the indoor farm, how
the farm worked in practice, interviewees’ expectations of the
project, potential for improvement, project management and
communication, and interviewees’ thoughts on the possibility
and desirability of scaling up the indoor farm (in Högdalen or
in other places). Interviews were carried out during spring
2018 in Stockholm. Each interview took about 1.5–2 h and
was carried out in person. The key participants included the
project leader at Invest Stockholm (part of Stockholm munic-
ipality), the project manager in Högdalen, and the technical
consultant (Table 1). Important information was collected dur-
ing the project by the two of the authors of this article who
were directly involved in the project.

They participated in the opening ceremony of the indoor
farm, as well as in a number of study visits, a local conference
on urban agriculture, media coverage (e.g. being interviewed
in the indoor farm facility), and supervised student essays
about the indoor farm and thus met with the involved project
participants and workers at numerous occasions during the
course of the project.

3.1 Framework for analysis

Brunori et al. (2016) suggested an analytical framework for
assessing the sustainability of food systems and food value
chains. The framework groups 24 attributes in 5 categories
or dimensions: economic, social, environmental, health and
ethical (see Table 2).

The matrix can be considered a gross list of relevant issues
to study when assessing the sustainability performance of a
food value chain. While Brunori et al. (2016) developed a
number of quantitative or qualitative indicators for each attri-
bute, they are used here for structuring the analysis of sustain-
ability aspects of the indoor farm. The attributes are described
in detail in appendix 1. The framework was used to assess the
impact of the indoor farm. All attributes were not relevant,
however (e.g. no animals were involved in production). We
gave each relevant attribute a score of +, ++, or +++ for dif-
ferent degrees of positive sustainability impact, a −/+ for

Table 1 Description of interviewees

Code Function Organisation Tasks

IP 1 Project leader Stockholm Invest, part of Stockholm
municipality

Holding the whole project together; responsible for communication; applicant in
relation to funder

IP 2 Project manager Nya Rågsveds Folkets Hus (NRFH) Responsible for running the indoor farm in Högdalen; using the lettuce; employer of
staff

IP 3 Technical
consultant

Arvalla (consulting) Deputy project leader; responsible for coordination and provision of technical
content in the indoor farm
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neutral impact and a “no information” for the attributes that
did not make sense for our study or where there was no data. A
combination of expert knowledge of the authors, informed by
cases reported in literature was the basis for each assessment.

3.2 Calculating greenhouse gas emissions

The ambition was to make a rough calculation of the impor-
tant differences between GHG emissions per kg of harvested
lettuce delivered to the cafés from the indoor farm and those
from the lettuce previously bought. As previous studies have
shown that GHG emissions in indoor farming are dominated
by heating and lighting, we focused on gathering data from
those processes for the indoor farming and contrasted it with
GHG emissions from operations during farming on the open
ground.We also calculated transportation emissions and emis-
sions from retail.

The GHG emissions for manufacturing inputs such as
seeds, fertilisers and soil were not considered as we did not
assume large differences between the two production systems.
Likewise, material for constructing greenhouses and machin-
ery was not included, nor was the fabrication of packaging
material. The method used was inspired by LCI (life cycle
inventory) analysis, and the functional unit in our study was
1 kg of lettuce delivered to the café in Högdalen. The system
boundaries are presented in Table 3.

Data on GHG emissions from the cultivation phase in
“conventional” cropping was sought by making a survey of
the available literature (mostly LCA or LCI studies) about
lettuce grown in the open and in greenhouses (LRF 2003;
Hospido et al. 2009). The study from LRF (2003) included
data on iceberg lettuce grown in the open in Sweden. The data
from Hospido et al. (2009) contained data for Spanish lettuce
grown in unheated greenhouses and for lettuce grown in heat-
ed greenhouses in the UK, where natural gas was used for
heating. Since we could not find any study about lettuce
grown in greenhouses in the Netherlands, we used the data
from the UK, since the climate is similar and it is common to
heat greenhouses with natural gas in the Netherlands (Dutch
Greenhouses 2020). Data on the cultivation phase in the in-
door farm in Högdalen was collected by analysing electricity

bills provided by NRFH, who also provided data about the
lettuce yield. Emissions from electricity were calculated based
on an assumed mix of nuclear power (10%), hydropower
(70%) and wind power (20%), which was what the organisa-
tion paid the electricity supplier for. Emission factors for each
power source were obtained from Jernkontoret (2018) and the
resulting emissions were 6.3 g of CO2 equivalents per kWh.

For transportation, we used an available calculator (NTM
2018) with added emissions (30%) for refrigerated transport
(Swahn 2008). We assumed that the lettuce from Spain was
transported from Murcia to a storage facility close to
Stockholm (Årsta) with a trailer of 28–34 ton capacity and
then by van from Årsta to Högdalen. For Dutch lettuce, we
assumed transportation from Amsterdam to Högdalen with
the same types of vehicles as above, and for the Swedish
lettuce grown in the open, we assumed transportation from
southern Sweden (Malmö) to Högdalen. Emissions from the
wholesaler and retailer were based on literature data (LRF
2003) and were assumed to be the same for all lettuces except
for the one grown in Högdalen. Other emissions and environ-
mental loadings were not part of the assessment.

4 Case description

The indoor farm that is the subject of this study is located in a
cellar under a shopping and community centre in Högdalen, a
southern suburb of Stockholm. As in most areas in the
Swedish capital, Högdalen is currently going through densifi-
cation due to a shortage of housing. The first modern houses
were built here in the 1950s, and the subway started running
around the same time. The organisation People’s House in
Rågsved (NRFH)1 runs the indoor farm. NRFH is made up
of civil society organisations in the area. The NRFH offers
activities for children, youth, the unemployed and the elderly
in the area, and lets space to accommodate these activities. It
employs people from the area with physical and psychological

1 Rågsved is the name of the neighbouring community, one subway stop from
Högdalen

Table 2 Multi-criteria performance framework. Taken from Brunori et al. (2016)

Economic Social Environmental Health Ethical

Affordability Food security Resource use Nutrition Animal welfare

Creation & distribution of added value Consumer behaviour Pollution Food safety Responsibility

Economic development Territoriality Biodiversity Traceability Fair trade

Efficiency Connection Technological innovation Information & communication

Profitability Labour relations Food waste Governance

Resilience
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disabilities, and works together with the municipality, local
businesses and civil society organisations to develop the area.

There were many reasons for establishing the indoor farm
in Högdalen. First, there was a space under the commercial
centre that was hard to find use for – the space had been empty
for several years. Second, the real estate owner and the NRFH
had come into contact previously and NRFH was already a
major tenant in the centre, running a large second-hand shop
there. Thus, a good rental deal could be bargained for
concerning the basement premises. Third, Högdalen is home
to both old types of industrials in Stockholm, and new types
such as a biochar plant and a whole cluster of so-called clean-
tech businesses. Thus, the municipality was interested in de-
veloping the farm in this specific place, plus the fact that the
southern suburbs needed high-profile projects to increase their
value.

The indoor farm was established in the frame of a project
with partners from civil society (NRFH), state and municipal
agencies (e.g. Stockholm municipality) and businesses (e.g.
the real estate owner and a greenhouse business). Two other
municipalities in southern Sweden were also involved, with
other food production plants in new contexts, as well as small-
er start-ups in this business field who got access to exhibition
space and business development in all three locations.

The basement premises are not in themselves suitable for
cultivation. Thus, a 80 m2 cultivation chamber was built, in
which one level of cultivation tables were installed, together with
suitable lamps, a water tank with piping, small heaters and hu-
midifiers. Ventilation air from one of the shops in the commercial
centre was used to add CO2 to the cultivation chamber.

The cultivation of lettuce was carried out in the following
way: plastics pots were filled with soil and two seeds were
planted in each. When the seeds had sprouted (after approx-
imately two days), the pots were put on the cultivation tables
(see figs. 1 and 2). The tables were so-called “ebb and flow

tables”, where water mixedwith conventional fertilisers was
let on and absorbed into the pots. The leftover water was run
back to thewater tank. TheLED lampswere lit 16 h a day and
during this time no additional heating was needed in the cul-
tivation chamber. During the dark hours, small heaters were
used to keep the temperature at a good level for the plants.
Superfluous heat was let out via the ventilation system.After
four to fiveweeks, the lettucewas ready tobeharvested.Only
the leaves were harvested – the pots were cleaned and reused
for the next batch of produce. In total, six ebb and flow tables
occupied the cultivation chamber and approximately 1000
pots had space to grow at the same time. For the sake of
research, only lettuce was produced during the first months
of running the indoor farm. However, other types of herbs
and leaves could be grown in the same room. There was no
use of pesticides in the cultivation.

Fig. 1 Photograph of the indoor farm in Högdalen, with lettuce in
different stages of development (author’s own photo)

Table 3 Description of variables included and excluded when calculating GHG emissions from various types of lettuce delivered to the café in
Högdalen

Type of lettuce Variables included Variables excluded

Lettuce from the cellar
in Högdalen

No emissions were
calculated as the lettuce
is delivered on foot

No emissions were calculated as the
lettuce is not stored before
reaching the cafeteria

Emissions from fabrication of
fertilisers, pesticides, soil,
packaging, etc.

Lettuce from the open
ground in Sweden

Emissions due to energy
use for farm operations
incl. Irrigation

Emissions due to
transportation by lorry
to Högdalen

Emissions due to storage at the
wholesaler and retailer

Emissions from fabrication of
fertilisers, pesticides, soil,
packaging, etc.

Lettuce from an
unheated
greenhouse in
Spain

Emissions due to heating,
lighting and farm
operations

Emissions due to
transportation by lorry
to Högdalen

Emissions due to storage at the
wholesaler and retailer

Emissions from fabrication of
fertilisers, pesticides, soil,
packaging,etc.

Lettuce from a heated
greenhouse in the
Netherlands

Emissions due to heating,
lighting and farm
operations

Emissions due to
transportation by lorry
to Högdalen

Emissions due to storage at the
wholesaler and retailer

Emissions from fabrication of
fertilisers, pesticides, soil,
packaging, etc.
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5 Results

5.1 How the indoor farm worked in practice

Work that was done in the indoor farm included: filling
pots with soil, planting seeds in each pot, taking care of
the pots during the time seeds germinated, moving pots up
on the table, irrigating, harvesting, cleaning the pots, and
refilling the pots with soil. It took a bit more than one
hour to prepare one of the tables with pots and seeds. The
farm also needed to be checked from time to time – lights
had to be put on and off, the temperature checked, and
nutrients mixed into the water tank. The workers at NRFH
were educated in the necessary farming techniques during
two days before the launch of the indoor farm by the
greenhouse company. Despite this, a number of learning-
by-doing mistakes were made in the start-up phase of the
farm. For example, lights were put on for too few hours a
day; seeds were placed too deeply into the pots; no plant
nutrients were used in the water; and irrigation was done
too infrequently.

The most costly part of the overall production of lettuce
was workers’ salaries, followed by the electricity for the lamps
in the cultivation chamber. According to IP2 and an unpub-
lished market survey in Högdalen, local restaurant owners and
consumers said that they were willing to pay extra for the
lettuce because it was grown locally. An important reason
for this willingness was the fact that there were no transporta-
tion emissions involved in the distribution stage of the value

chain. The first batch of lettuce was sold at 10 SEK2 each in
the NRFH second-hand shop in Högdalen and used in its café.
This lettuce was not perfect – it was rather small due to culti-
vation errors. IP2 argued that it should be possible to get up to
20 SEK per lettuce, which is comparable to the price of equiv-
alent products in supermarkets.

Around 100 pots could be harvested each week to fulfil the
needs of the NRFH cafés. It was clear from the local interest in
the indoor farm that the willingness to buy its products was
connected to the fact that it was situated in Högdalen and that
it was done in an innovative way. IP2 was continually
contacted by interested citizens who wanted to become indoor
gardeners, but he could not advise them in the current project
phase. There was also a large interest from retailers who
wanted to buy the products. However, in the current project
phase, it was decided that all produce should be used in the
immediate locality, i.e. Högdalen and Rågsved.

The aim of the indoor farm in terms of labour was to
create jobs in the transition between publicly funded sup-
port measures and real jobs in semi-industrial plants. At
the time of the study, two-thirds of the salary for people
working in the indoor farm was dependent on public sup-
port. Two people were employed to do gardening and mar-
keting work, but not full-time. The gardening activities
were not ample enough to support a full-time worker.
Rather, as IP2 put it:

Fig. 2 Simple illustration of the
cultivation system in the indoor
farm in Högdalen (used with
permission from Uppsäll and
Enges 2018). The lettuce was
delivered on foot, or on the
subway, to the NRFH cafés in
Högdalen and Rågsved, where it
was used to make sandwiches and
salads. Previously, the cafés
bought lettuce originating from
the Netherlands, Spain or Sweden
from a wholesaler

2 10 SEK = 1 Euro
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“It’s not the farm in itself but the activities that are cre-
ated around the farm” (IP2)

that were important to create more jobs. Indeed, he continued,
it was not a work-friendly environment, being below ground.
It was important to combine the gardening with other tasks:

“We don’t want someone to hang around down there”
(IP2).

More jobs were created locally since the indoor farm cre-
ated more tasks to fulfil within the NRFH conglomerate. In
addition, a lot of other activities emerged as a consequence of
the indoor farm. As IP2 stated:

“I mean, it’s enormous what we’ve done in the form of
study visits, lectures, seminars, meetings… a lot of
things have happened. And I don’t know how many
times coffee has been ordered from the second-hand
shop café. I mean, an economy is created in this way
as well, a secondary economy. But it’s actually a rather
large economy.” (IP2)

Still, the indoor farm could not be profitable on its own and
it could not compete with commercial urban greenhouses – it
needed additional activities taking place in the larger setting to
be able to do so.

The innovation in the project was not the cultivation tech-
nology itself, but rather the distribution system (no middle
men and no transportation after harvest). An added value
was the use of urban space that was not otherwise being used.
In an area with a shortage of housing, this could be considered
an added value, since more houses could be built above
ground.

The indoor farm was not affected by the weather, dogs or
other animals, littering or toxic emissions. There were no in-
sects or other pests affecting the cultivars – and if this were to
happen, the farm was so small that the cultivation chamber
could be easily emptied and cleaned. As in other types of
agricultural activities, this farm was dependent on seeds, soil,
clean water and nutrients that needed to be brought in, but that
also needed to be developed with the help of biodiversity and
natural geological processes. There was a large dependence on
functioning electricity supply, and thus there was a vulnera-
bility to power-cuts. There were some circulating flows al-
ready in the indoor farm, such as CO2 inflow from the centre
facility, use of empty indoor space, reuse of pots, and circu-
lating the water.

A critical point raised by one interviewee was the impres-
sion children got of farming when they visited the indoor farm
and had had little other experience of food production. In that
sense, IP2 felt a responsibility:

“New generations might get a faulty impression of how
vegetables are produced [ ] of course, if you drag school
children in here [ ] then you have to give them the whole
picture about farming” (IP2).

5.2 Expectations on the indoor farm project

IP3 claimed that the profit margins could increase by 200–300%
with a direct distribution system such as in Högdalen, compared
with conventional greenhouse cultivation in Sweden.

On the municipal level, the indoor farm was a small con-
tribution to the city’s fossil-fuel-free agenda. The farm repre-
sented one possible way of getting out of the current system
whereby all produced vegetables are trucked to the south of
Sweden to be repacked and trucked north again (these were
considered unnecessary journeys and affected the freshness of
the produce). The Högdalen indoor farm challenged the sys-
tem just right, as IP3 expressed it:

“This kind of disruptive entity that we represent out in the
periphery inHögdalen,wedon’t have to care [about the larger
system], that’s why we can test this in such a way.” (IP3)

The aim of the indoor farm was to contribute to the local
provision of lettuce and other produce suitable for cultivation,
albeit on a very small scale. The amount of lettuce produced
was only a small fraction of the total consumed. The idea was
to increase the level of local provisioning of food, and to make
consumers aware of this need. In the words of IP3:

“Then I think the willingness to buy locally produced
increases, and that’s where we need to go again. Not just
due to import reasons, but foremost due to environmen-
tal reasons. And then we need to transform… from an-
imal foods to vegetarian foods. That we need to do to
survive.” (IP3)

IP2 mentioned food security in terms of the larger picture,
i.e. including private gardens, allotment gardens and farms
such as the indoor farm in the food security equation. Many
small plots will produce large quantities, he reasoned, but:

“It won’t solve food production or anything, but it will
still be in a totally new way.” (IP2).

He went on to argue that the Högdalen farm could be part
of a contingency plan for Stockholm. Thus, while the indoor
farm will produce only minor amounts of food, it will still
produce something, which would otherwise have had to be
produced elsewhere.
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The indoor farm was not a public space in itself, so it could
not be used for activities aimed at connecting people with each
other, or connecting people and place. However, a lot of the
activities that occurred because the farm was in place had the
potential to bring about connection. These included market
days, a market garden, an exhibition space (some of these
things already happened and some things were in the planning
stage). IP3 considered the indoor farm as a prolongation and
logical continuation of the urban agriculture activities that
were established earlier in Högdalen. A few years earlier a
community garden had been put into place as an experiment
to help break a destructive spiral of vandalism in the area and
to make local habitants more involved in their own
neighbourhood. The community garden was, and still is, suc-
cessful. IP3 thought the same development could be hoped for
with the indoor farm as well: to start up as a project and later
put it into the hands of local residents. NRFH was an impor-
tant actor in securing the local connection of the project as
well as the connection to the political level in the municipality,
and contacts with the real estate owner. For NRFH, the indoor
farm was one of many things that could help Högdalen com-
mercial centre to develop, and they were willing to participate
in any project that could create new jobs and bring about
positive change in the area.

Something that all interviewees thought important in relation
to the indoor farm project was the fact of doing something in-
stead of only talking about it, i.e. making plans and outlining
visions. They considered this important because the idea needed
to be tried out, tested and evaluated in real life. As IP3 said,
instead of waiting for technically optimal systems:

“It’s very important to show, I believe. You can talk
about this, that’s what I mean. You can talk about this
forever, about all pros and cons, but it’s not until you see
it that you believe it. And it needs to be visualised in a
number of such plants. That’s what I believe. They have
to be very public in that way” (IP3).

Interviewees discussed sustainability transitions of the food
system in general. While a single actor would not be able to
overhaul the current system, a small project such as the one in
Högdalen could help to try out a new kind of distribution
network at low risk for all involved actors, they reasoned.

5.3 Project management and communication

The project had a robust structure due to the fact that the
involved parties had already built up relationships, i.e. they
had contact with each other from previous projects and deal-
ings. This made it easier to have regular check-ups. There was
a readiness to learn from mistakes. For example, a number of
mistakes were made when producing the first batch of lettuce
that were corrected in the following rounds. The project group

also represented a diversity in terms of expertise and
organisational types. As IP2 expressed it:

“It’s incredibly nice that there are people in the project
who know what they are doing, and have knowledge
about the technology [on cultivation].” (IP2)

Many actors were involved in creating the indoor farm. The
city of Stockholm was project leader in relation to the funding
agency, and it also created the platform for all other actors in
the project. The city of Stockholm was also responsible for
embedding start-ups in the project (which was part of the
overall project beyond establishing the indoor farm itself).
The greenhouse company was responsible for farming
know-how. NRFH managed the indoor farm in practice with
support from IP3.

The interviewees mentioned a number of shared values
between actors in the project that set up the indoor farm: an
interest in innovation, strong societal commitment and
commitment to create jobs, local sustainability, reaching
out to new citizen groups, and creating social integration
in a place. Collaboration in the project went well due to
these shared values, interviewees reasoned. For example,
the willingness of the centre real estate owner to invest in
Högdalen, to take part in development projects and to work
with civil society and the municipality was paramount for
the project. Interviewees also thought that the real innova-
tion was not the farm itself (it did not use new techniques)
but rather the collaboration between municipalities, busi-
nesses, and social entrepreneurs. IP3 was the person keep-
ing the different actors and parts of the project together. As
IP1 expressed:

“If we hadn’t had him, we wouldn’t have made it” (IP1).

To keep all parts of the project together, daily updates were
needed. Still, being a social entrepreneur with high flexibility,
IP2 thought that communication was slow sometimes, espe-
cially via the municipality.

According to IP3, the rationale for a large greenhouse
business to take part in the project – it had supplied the
equipment and the cultivation know-how – was the oppor-
tunity to test new things without risking anything as a
company. Due to the small economic margins, the green-
house business could not afford to run experimental pro-
jects itself. The greenhouse business also did not have any
capacity to meet its end consumers face-to-face. The real
estate owner benefited from increased rental income, since
the basement area was being used again. Another benefit
was the renewal and improved image of the centre facility,
in which the indoor farm played one part.
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5.4 The potential for scaling and expansion

There were several different ways in which the indoor farm
and the project that set it up could be scaled up. In Högdalen,
the indoor farm could be somewhat expanded within the 80
m2 it occupied: for instance, shelves could be put up and a
larger diversity of herbs could be planted. In addition – as has
been pointed out earlier – activities surrounding and in line
with the indoor farm could be expanded by using additional
space in the basement and above-ground premises for activi-
ties, e.g. producing mushrooms, exhibitions, markets, market
garden, restaurant, etc. It would also be possible to move the
indoor farm or expand it somewhat, within the range of the
commercial centre in Högdalen. IP3 pointed out that it was the
small scale of the indoor farm that was its rationale. A large-
scale indoor farm (as other actors have developed in
Stockholm city) would not offer any benefits over a large-
scale conventional greenhouse, he reasoned.

Another type of scaling up would be to implement the
indoor farm concept in other places with unused urban re-
sources (such as indoor space). In order for this to work, IP3
thought it imperative that real estate owners had an interest,
and that logistics had the potential to work well.

IP2 thought that the governance model whereby social en-
trepreneurs, businesses and municipalities work together,
could and should be scaled up, to repurpose unused urban
indoor space on a larger scale. While NRFH were experts on
social entrepreneurship and could spread this knowledge to
other places, IP2 pointed out:

“The concept is local to us, if it were to be taken to new
places it needs to be local. So, it’s not us [NRFH] doing
it in other places” (IP2).

5.5 GHG emissions

Table 4 presents the results from the calculations of GHG
emissions from four types of lettuce delivered to
Högdalen. As can be seen, the lowest emissions come
from the lettuce grown in the open in Sweden, although
it is transported about 600 km. The lettuce grown in
Högdalen also has low emissions, especially compared to
the high-emitting lettuce from greenhouses heated with
natural gas as is common in the Netherlands. In
Högdalen, as the electricity used was based solely on nu-
clear, hydro and wind power the resulting emissions were
very low. Also, the need for heating the Högdalen facility
was low. The Spanish lettuce has higher emissions than
the lettuce from Högdalen but lower than the Dutch due to
no emissions from heating and lighting.

5.6 Assessment of the indoor farm

The assessment of the indoor farm according to the Brunori
et al. (2016) framework is presented in Table 5. The assess-
ment is elaborated in the discussion below.

6 Discussion

Urban food movements and urban agriculture initiatives
often emerge as a reaction to the unsustainability of the
food system that currently dominates food provisioning
(Thomaier et al. 2015). However, these urban agriculture
alternatives are not sustainable per se, and assessments
need to be made (ibid).

In terms of the GHG emissions from the indoor farm in
Högdalen, we have seen that the choice of emissions fac-
tors for the electricity generation is of utmost importance
for the outcome. For lettuce grown indoors, there is high
electricity use for lighting and even heating in such facil-
ities. We assumed a very low emissions factor based on
the electricity company’s declaration of the origin of what
was bought (6.3 g of CO2 equivalents per kWh). This
may be compared to what was used by Shiina et al.
(2011): 378 g of CO2 equivalents per kWh, or by Molin
and Martin (2018): 100 g of CO2 equivalents per kWh. In
Sweden, as well in several other Nordic countries, a major
part (more than 90%) of the electricity is generated by
hydro- and nuclear power, resulting in low emissions.
According to the Swedish Environmental Protection
Agency, 13 g of CO2 equivalents per kWh is emitted
from Swedish electricity production and about 50 g for
Nordic electricity mix (Energi och klimatrådgivningen
2019). Whether or not this means that indoor farming
should only be promoted in situations where there is ac-
cess to low-emitting power sources can be discussed, and
whether it is at all adequate to use large amounts of elec-
tricity for lighting when crops can use sunlight, albeit
only during part of the year in a Nordic country like
Sweden. However, our study shows that growing food
indoors in cities may be a viable option compared with
importing them from far away or growing them in heated
greenhouses, given that there is low-emitting electricity
available. In other cases, vegetables produced indoors
are most probably less climate friendly than other types
of vegetables available on the market. We recognise that
our study has limits as it has not included the infrastruc-
ture needed for city farms. Including that in an analysis
requires some thought for how to allocate emissions due
to construction of the buildings used for growing, either
e.g. in basements or on rooftops of existing houses. In our
study, a part of a garage constructed in the 1960ties was
used and when the lettuce production started the garage
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was unused. Thus, from a resource efficiency and pollu-
tion perspective, the indoor farm in Högdalen scored +
and ++ respectively. Closely connected to resource use
is the issue of food waste (+++). While waste was not
directly measured in this study, the fact that the lettuce
was used in the two cafés run by the NRFH placed direct-
ly above the indoor farm or one subway station away
indicates that waste should have been possible to keep
to a minimum.

The Högdalen farm operated independently of weather
and of fossil fuel-based transport for distribution.
However, it was vulnerable to power cuts. Some circular-
ities were built in into the production system: water was
circulated in the cultivation chamber, CO2 was taken from
the commercial centre above ground, plastic pots were
reused (not sold with the salad or discarded as in conven-
tional greenhouses), and most importantly, previously un-
used indoor urban space was put into use. More circular-
ities could be introduced, however. For example, the con-
nection to the biochar plant in Högdalen could be devel-
oped, and use of nutrients originating in urban areas could
be introduced. According to Höök and Jonsson (2018),
the indoor farm has influenced the resilience of the
Högdalen centre facility in positive ways: it has created
job opportunities, brought empty buildings into use, and
created meeting places (indirectly through other activities

in connection to the farm). At the same time, on the level
of the cultivation as such, the farm was heavily dependent
on all inputs, electricity and inflow of water. Taken as a
whole, the farm scored + for resilience.

The indoor farmwas small in scale and did not produce any
large quantities of food, and could not be claimed to contribute
to food supply in Högdalen or in Stockholm. However, food
was produced, that would otherwise have had to have been
imported to the area (food security score +). The indoor farm
in Högdalen could be seen as a small part of the jigsaw puzzle
of urban agriculture in Stockholm, which also includes private
gardens, allotment gardens, conventional greenhouses and
community gardens. The local willingness to buy the lettuce
depended on local production and the innovativeness of pro-
duction, in contrast to other findings where consumers were
sceptical about “unnatural” food from indoor production
(Specht et al. 2016; Kalantari et al. 2017). The reasons could
be the high degree of transparency (in the same building), and
that food produced in these novel ways are not common in
Sweden. There are some upcoming projects, but no robust
studies have been made on consumers’ perspectives yet. The
willingness to buy the Högdalen lettuce and the large consum-
er and retailer interest renders the score +++ for “consumer
behaviour” and ++ for “territoriality”.

In conventional urban development, landscape archi-
tects, architects and construction companies often do not

Table 5 Assessment of the indoor farm with the Brunori et al. (2016) framework

Economic Social Environmental Health Ethical

Affordability +++ Food security + Resource use + Nutrition no information Animal welfare no
information

Creation & distribution of added value
+++

Consumer behaviour
+++

Pollution ++ Food safety no
information

Responsibility ++

Economic development ++ Territoriality ++ Biodiversity −/+ Traceability no
information

Fair trade no information

Efficiency ++ Connection + Technological innovation
−/+

Information& communication
++

Profitability + Labour relations + Food waste +++ Governance +++

Resilience +

Table 4 Greenhouse gas emissions from four types of lettuce available in Högdalen, Stockholm. Emission in kg of CO2 equivalents per kg lettuce

Type of lettuce Part of the life cycle Total, kg per kg

Cultivation, kg per kg Transport, kg per kg Wholesaler and retailer, kg per kg

Högdalen indoor farm 0.36 0.00 0.00 0.36

In the open, Sweden 0.09 0.07 0.10 0.26

Unheated greenhouse, Spain 0.09 0.37 0.10 0.56

Heated greenhouse, Netherlands 2.40 0.17 0.10 2.67
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communicate. Innovative Zfarming requires interdisci-
plinary exchanges and networks among actors that have
not cooperated before (Thomaier et al. 2015). This was
one of the success factors in Högdalen. Collaboration
between real estate owners, municipalities, greenhouse
businesses and new urban agriculture initiatives and
the social entrepreneurial sector was the innovation in
the project that established the indoor farm (governance
+++; information & communication ++). Previous pro-
jects and contacts played a role when setting up the
project and successfully carrying it out. The indoor farm
would not have been as successful without this pre-his-
tory. Strong shared values guiding the collaboration
were important. The indoor farm, and the renewed use
of the premises where the farm was situated, could be
seen as a catalyst for other activities in Högdalen (cre-
ation and distribution of added value +++; economic
development ++; profitability +). The farm had the po-
tential to contribute to new meeting places and created
stronger links to Högdalen as a place for its inhabitants
(connection +). At the same time, the indoor farm did
not create meeting places in itself, as an outdoor, land
based urban community farm could (Firth et al. 2011).

The project managed to set up the indoor farm with
relatively small means and the lettuce was not more
expensive than conventional greenhouse lettuce (afford-
ability +++). This stands in contrast to other similar
projects, which are often challenged by high initial costs
(Specht et al. 2014; Al-Kodmany 2018). It is possible to
see the small indoor farm in Högdalen in the light of the
need for innovations in this field and the need to devel-
op new knowledge about innovations that seem promis-
ing but where there is little data. To build something,
test it, and draw conclusions is better than waiting for
optimised and “perfect” systems. The indoor farm in
Högdalen was not technically optimised – and much
could be improved – but it showed that it is possible
to do something with relatively small means if actors
collaborate and push in the same direction (technical
innovation −/+).

The indoor farm created work, but not full-time employ-
ment. However, being in a basement, it was not an ideal work
environment, and a full-time employed person should not
spend a lot of time in the cultivation chamber itself (labour
relations +). Contrary to this, Al-Kodmany (2018) claims that
work in indoor farms could be attractive for technologically
minded generations (Al-Kodmany 2018). In the case of
Högdalen, the work of cultivation needed to be combinedwith
other tasks such as communication, marketing and selling.

There were various ways in which the indoor farm
could be scaled up without losing the attributes contribut-
ing to sustainability. For example, more crops could be
included in the cultivation chamber and additional

activities in connection to the farm could be introduced.
These might include a market garden, green walls, a café,
and/or exhibition space. The indoor farm could also be
introduced in other places where under-used urban re-
sources are available and where a smooth collaboration
between partners is possible.

7 Conclusion

The main contribution of this article is that a real case
of an indoor farm was assessed for a number of sus-
tainability impacts. Thus, there is a value in including a
range of sustainability attributes when assessing real
cases. While single cases are never representative, they
provide insights that can contribute to the larger picture.
It was possible to make this assessment since the
Högdalen indoor farm was publicly funded and the ac-
tors were open and willing to have researchers in their
team. In many other cases, indoor farms are commercial
actors, not ready to share business details with research.
Thus our study was a real assessment, albeit limited,
and was not based on claims made by commercial com-
panies (cf. Beacham et al. 2019). We found the
Högdalen indoor farm largely sustainable based on the
aspects assessed in this study.

This said, the farm did not contribute to food security, for
two main reasons: it is very small and it produces lettuce
which is not a bulk food item necessary for food provisioning
of the population. Thus, even if the cultivation was scaled up
to provide all lettuce needed in Stockholm, other food items
are more vital for food security. At the same time, the
Högdalen indoor farm did contribute to sustainable urban de-
velopment in a number of ways: by the good cooperation
between commercial, public and civil society partners, by
the use of unused urban space, by the aim to create jobs, by
the link to circular flows in the city and by the ambition to
increase attractivity of a suburban centre in need of just this.
Thus, growing lettuce may not be the farm’s main contribu-
tion. However, without the growing of lettuce, these other
amenities would not have materialised in this specific case.
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Appendix 1

Attribute from Brunori et al.
(2016)

Description of the attribute derived from Brunori et al. (2016), and authors’ interpretation

Affordability the cost of the products and who can buy and access them

Creation and distribution of
added value

how the value of the products increases by different production techniques/processing/qualities, and which actor(s)
benefit(s) from this value increase

Economic development e.g. revenues

Efficiency resource use in relation to output

Profitability no specific description in Brunori et al. (2016)

Resilience how robust the system is; how well it can handle change and disturbance. The system in this case refers to the indoor
farm, the project developing the farm, and the city district in which the farm is situated

Food security how the production system contributes to food provisioning in the city

Consumer behaviour consumer use, willingness to pay

Territoriality how place influences the product and the will of consumers to purchase it

Connection how the product can be used to connect people, and to connect people with a place

Labour relations how workers are treated in the system, including matters of social justice

Resource use direct and indirect use of resources, e.g. fossil fuels

Pollution emissions from the value chain

Biodiversity e.g. diversity of crops

Technological innovation e.g. use of innovations to reduce pollution or waste

Food waste no specific description in Brunori et al. (2016)

Nutrition nutritional content of the foods produced

Food safety food safety standards and controls, artificial additives

Traceability: no specific description in Brunori et al. (2016)

Animal welfare e.g. animal density

Responsibility which actors are responsible/take responsibility for what in the value chain

Fair trade no specific description in Brunori et al. (2016)

Information & communication the availability of information and communication in the chain

Governance how the food system is governed, managed and controlled
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