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1. Introduction

As a growing and wealthier global population requires more food, paper, construction wood,
and other biomaterials, the demand for land and biomass is expected to increase (Scarlat et al.,
2015). This demand is further accelerated by policies, regulations, and strategies aimed at
substituting fossil materials with biomass (D'Amato, Droste et al. 2017). At the same time,
about half of the world’s habitable land area is already used for agriculture (Ritchie and Roser
2019), which has caused extensive land degradation and loss of biodiversity worldwide
(Rockstrom, Steffen et al. 2009). We are therefore approaching, or have already surpassed
(Dubois 2011), the area that can be sustainably used for biomass production.

To increase food production without expanding the agricultural area, intensification of
agricultural production is necessary. This requires innovation, both in terms of food production
and food distribution. The conversion of urban areas and sites not traditionally associated with
food production into food producing systems is a promising, innovative, strategy to produce
more food without increasing the pressure on the planet’s ecosystems. Foodtech and innovative
circular food production systems can also have many economic benefits for the regions in which
they are established in terms of job creation etc. As many other municipalities in
Vasternorrland, Harnosand faces the challenge of job migration, especially of young people.
The establishment of foodtech initiatives could contribute significantly to the local economy,
which is exemplified by Peckas Naturodlingar, a multifunctional production system of tomato
and fish, that during its first year employed around 20 persons. Food production and food
processing are well-established businesses in the municipality of Harndsand. According to the
Swedish Bureau of Statistics, there are, in total, 360 companies connected to agriculture. Such
companies, and their employees, within traditional food production is an important resource of
competence as well as providers of arable land and biomass resources. There are, however, also
other industries, not traditionally associated with agriculture, which could supply an emerging
foodtech industry with valuable resources, as exemplified in chapter 3.

Any circular production system in Harndsand would have to rely largely on local resources.
The identification of material and energy flows that can be used in this process is essential for
the design of sustainable production systems. In non-circular industrial production systems,
many resource flows are not attributed any specific value but are considered waste. Such flows
can be organic or mineral materials that are not used in a determined production chain or
unnecessary losses of energy in the form of heat. In mature ecosystems (and circular
economies), few or no resource flows are unexploited but the output of one organisms is used
as feedstock for another organism.

1.1 Objectives

The municipality of Harndsand has the explicit goal to be the hub of development and
innovation for circular food production in Northern Sweden. The objective with this feasibility
study is to explore preconditions and identify possible ways forward for Foodtech
establishments in the municipality of Harndsand. This was done by identifying and quantifying
a comprehensive set of existing material and energy flows (by-products, wastes and residual
energy) within the municipality of Harntsand. Being a feasibility study, the report is by no



means an all-encompassing material and energy flows analysis of the region. Nor should it be
regarded as an exhaustive inventory of possible materials and energy flows. The aim is rather
to identify and highlight potential new ways of producing food locally in a sustainable and
resource-effective way, creating value for the local economy, using by-products that are
currently considered waste. The report is intended to provide background information of the
availability and utility of selected by-products, wastes and energy flows, to support the
municipality in identifying possible ways forward. For strategic decision-making, however,
more detailed assessments are necessary.



2. Inventory of current land use in Harnésand

Agriculture and forestry generate large amounts of by-products and wastes that could be used
for further processing within the bioeconomy, e.g., for foodtech applications (see section 4).
Furthermore, innovation within foodtech can contribute to developing primary production,
primarily within agriculture, which could enhance productivity as well as environmental and
economic performances (Piatti, Graeff-HOnninger et al. 2019). To discuss the potential for
foodtech in Harnosand, it is therefore necessary to provide a thorough assessment of current
land use in the area. The land use within both the municipality and the region as a whole (i.e.,
Vasternorrlands 1an) is dominated by production forest (Fig. 1). Only about 3% of the land is
used for agriculture. The majority of locally sourced biological materials, that could potentially
be useful within foodtech, thus originate from forestry and associated industries (pulp and
paper, wood, etc.). However, considering the limited volumes that may be needed for the
emerging foodtech industry in the municipality, the material flows from agriculture can also be
considered substantial. In addition, materials originating from agriculture have different
characteristics than materials from forestry, which means that they could be used for other
purposes. It is thus important to carefully consider opportunities not only from forestry, but also
from agriculture.
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Figure 1: Total area of main land uses in Vasternorrlands lan, aggregated to municipal level
(left), and enlarged for Harndsands municipality (right).

2.1 Production forest

Almost all forestland in the municipality (97%) and the region (95%) is located outside
wetlands (Fig. 2-3). Pine is the dominant species (13% and 17%, resp.), followed by spruce
(13% and 17%, resp.). Other forest outside of wetlands is constituted by mixed conifer forest
(15% and 10%, resp.), mixed conifer and broadleaf forests (13% and 14%, resp.), and broadleaf
forests (9% and 5%, resp.). Temporarily non-forested forests constitute 22% and 25%,
respectively. The majority of the forest volume is located in the western parts of the



municipality (Fig. 4), but can be considered rather evenly distributed across the region. The
estimated average possible annual forest production in the region is 4,3 m3ha which is lower
than for Sweden as hole (6,1 m*/ha) (Lorentzson, Kéllstrém et al. 2016).
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Figure 2: Distribution of forested land in Harnésand municipality
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Figure 4: Forest volume per hectare in Harndsand municipality

2.2 Agriculture

Due to climatological conditions, the majority of crop production in the municipality (68%) and
region (65%) is constituted by ley (Fig. 5-6). The harvested grass is typically used in animal
production, but there are also interesting opportunities for using it as raw material for high value
products, e.g., protein concentrate for animal (or human) consumption, to replace soy protein
(see Fact box 1).

A notably large share of the agricultural land in both the municipality (13%) and the region
(12%) is constituted by land that is classified as agricultural land but that is no longer used for
agricultural production. In many cases, this land has been abandoned causing bush
encroachment. In some cases, however, the land is kept open for other purposes, such as sports
activities or parking. The large share of “abandoned” agricultural land in the statistics highlights
the documented decrease in agricultural production in the region. It also suggests that
agricultural production could be substantially increased without conflicting with forest
production or nature conservation.

The third largest agricultural land use is fallow (7% and 5%, resp.). Fallow land is included in
the crop rotation system but left to recover, normally for the whole of a crop year. It could mean
(1) bare land bearing no crops at all, (2) land with spontaneous natural growth, which may be
used as feed or ploughed in, or (3) land sown exclusively for the production of green manure
(green fallow). It is however not possible to differentiate between different types of fallow land
using existing data. The only crops besides grass (ley) produced in the area, excluding crops
produced in very small quantities, are cereals (4% and 8%, resp.) and roughage (2% in both).



2.3 Animal production

There is a notable variation in animal production between the different municipalities in the
region (Table 1). As particularly notable in Harnésand, cattle production is the most important
industry overall. Furthermore, sheep/goats exist in all municipalities, to varying degrees. Other
large-scale animal production exists for pigs in Kramfors, Sundsvall, and Ange, for laying hens

in Ornskoldsvik, and for “other birds” (quail, in this case) in Timra.

Table 1: Animal production in Vasternorrlands lan. Number of animals aggregated to

municipal level.

Municipality |# cattle # pigs # hens # laying hens # # turkeys |# other birds
sheep/goats

Harn6sand 1,809 33 33 30 409 390

Kramfors 4,260 4,659 207 812 50

Sollefted 2,611 586 623 1,318 91

Sundsvall 5,892 2,352 722 12 868 30 38

Timra 2,079 164 502 67 2,118 1,118

Ange 1,835 1,001 592

Ornskoldsvik 7,161 370 639 60,750 1,235 40 189

Totalt 25,647 9,165 2,726 60,859 7,352 70 1,876
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Figure 5: Hectares of agricultural land uses in Vasternorrlands 1an, aggregated to municipal
level.

2.4 Manure

One important resource from animal production is manure. The extractable production of liquid
and solid manure was calculated based on Einarsson et al (2017). Two estimates were made,
one for liquid manure and one for solid (liquid manure mixed with bedding material, e.g.,
straw). For cattle, the average per head value between “dairy cows” and “other cattle” was used.
For sheep/goats and turkey, no estimation was made. For other birds, the “per head value” of
broilers was used. Manure from cattle constitutes the vast majority of the extractable manure in
both the municipality and the region.

Table 2: Extractable liquid manure from animal production in Véasternorrlands lan.

Extractable liquid manure (t/y)
Municipality | Cattle Pigs Hens Laying Sheep/ Turkey Other
hens goats birds
Harndsand 2,542 5 0 0 n/a n/a 1
Kramfors 5,986 680 1 - n/a n/a 0
Sollefted 3,669 86 2 - n/a n/a 0
Sundsvall 8,280 343 2 0 n/a n/a 0
Timra 2,922 24 1 0 n/a n/a 3
Ange 2,579 146 - - n/a n/a -
Ornskéldsvik | 10,063 54 2 111 n/a n/a 1
Total 36,040 1,338 8 111 n/a n/a 5

Table 2: Extractable solid manure from animal production in Vasternorrlands lan.

Extractable solid manure (t/y)
Municipality | Cattle Pigs Hens Laying Sheep/ Turkey Other
hens goats birds
Harnésand 5,084 10 0 0 n/a n/a 1
Kramfors 11,973 1,360 1 - n/a n/a 0
Sollefted 7,338 171 2 - n/a n/a 0
Sundsvall 16,559 687 2 0 n/a n/a 0
Timra 5,843 48 1 0 n/a n/a 3
Ange 5,157 292 - - n/a n/a -
Ornskoldsvik | 20,126 108 2 111 n/a n/a 1
Total 72,081 2,676 8 111 n/a n/a 5
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3. Inventory of companies with by-products relevant for foodtech

In this chapter, we identify and quantify companies in relevant sectors, which could, in various
ways, contribute to developing the Foodtech industry. Amounts of corresponding industrial by-
products could not be estimated within the time frame of the pre-study but should be subject to
future studies.

3.1 Forest industry

Considerable quantities of organic wastes are generated annually in the forest industry.
Worldwide, more the 300 million tons wood fibre products are produced per year (Cécio Luiz,
Aretusa Martins et al. 2013). For the Swedish economy, forestry is vitally important and as
much as 10 % of the sawn timber, pulp and paper that is traded on the global market is provided
by Sweden (Skogstyrelsen 2015). In Sweden, the paper industry generates 2 million tons of
waste per year, which is twice the amount of the waste produced by agriculture, forestry and
fishery combined (Avfall i Sverige 2018) . Recycled paper and cardboard are also significant
flows of fibre, originally derived from the forests. In 2017, the amount of recycled paper
packages was 565 700 tons (SCB 2019). A large fraction of forest waste (tops and branches) is
left on ground whereas some is extracted and used for combustion in heat- and combined heat
and power (CHP) plants. A minor part is also composted (Varelas and Langton 2017).

Hé&rnodsand has 606 registered forestry owners (SNI code 02101) according to SCB (2020). The
number of forestry companies (code 202200, 02109, 02102) registered within the municipality
is 50 (SCB 2020). Even though production forest is the dominant land use within the
municipality, there are no bigger wood industries, e.g., paper pulp plants or sawmills. There
are, however, paper pulp plants and even a biorefinery (Domsjéfabrikerna) nearby, and know-
ledge and experiences from these companies can be useful resources. When it comes to wood
industries in Harndsand (code 16) there are 24 companies in total, including six planning mills,
six building and carpentry companies (code 16231 (4) and 16239 (6)), and ten companies in the
group “other wood industries” (code 16292). The last two are industries for wooden windows
and one for wooden packages. Sawmills in adjacent municipalities could potentially be
important, since they often produce large amounts of residues or by-products, typically used as
wood fuel, for internal energy supply, and as raw material for paper pulp production
(Naturvardsverket 2010).

The forestry sector has traditionally not been associated with food production but the material
flows from this sector in Harnésand are considerably greater than from agriculture and many
possibilities exist to use these resources as a feedstock in foodtech operations. Nevertheless, as
previously noted, the absolute amounts of substances from agriculture are still substantial, given
the limited demand from the emerging foodtech industry.

3.2 Agriculture industry and the fishery sector

There are 353 companies connected to agriculture (SNI code 01) in the municipality, including
51 in cultivation (code 01110-01302), 21 in beef breeding, and 15 milk producers (code 01410).
The largest group of companies is “mixed farming” (SNI code 01500), 250, which includes, for
instance, small scale farms and estates. Within cultivation, cultivation of “other annual and
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biennial plants” (code 01199) is dominating, with a total of 32 out of 51 companies (SCB 2020).
In terms of animal production, there are 14 milk producers, 24 meat producers, seven active
stud farms and other types of horse breeders and 12 active companies in sheep and goat
breeding. A total of 64 companies are in the area of animal farming including breeding of pets
(SCB 2020). At the moment, four fishery companies are registered, one trawler (sea water), two
sea water fishing companies and one fresh water fishing company. Two commercial fish farms
are also active according to SCB (2020).

For more detailed information on harvested areas and number of animals in food production,
see chapter 2.

3.3 Food processing industry

Active food industries within the municipality include one meat cutting plant, two fish
processing companies, four bakeries and four other companies processing lemonade, coffee and
tea, berries and vegetables (SCB, 2019). Some progress has been made on mapping flows of
food waste of varying qualities within these eleven companies, although results are tentative
and not ready for publication.
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4. Mineral resources

Soil and bedrock can be considered natural resources for food production. These resources are
the natural foundation for agriculture, but can also be transformed and transported to enhance
production in other locations. The dominating rock within Harnésand is greywacke
(“Gravacka”, see fig 6). There are some technical descriptions of the greywacke in the area as
it is used as building and construction material. Within the municipality, both diabase and
amphibolite are present. These normally have more nutrients available for plants and
microorganisms. Diabase (“Diabas”, see fig 6) is found in two larger areas while amphibolite
(“Amfibolit”, see fig 6) can be found in three different locations close to Harndsand city. The
larger one connects Grofll in southwest with Alandsbro-Nassland in northeast. Both diabase
and amphibolite has been shown to increase growth rates in trees with better effect than lime
(Tesar 1968, Konasova, Kunes et al. 2012)

4.1 Rock dust from quarries

An interesting by-product that is present in Harngsand is dust from rocks that may be used for
long-term nutrient supply in food production systems. Within the municipality, there are four
active quarries. Two of these (Jarsta and Overdal) are situated on greywacke, one (Pendshéjden)
on diabase and one (Overskog) on granite (SGU 2020). There is also a fifth quarry in Overdal,
situated on granite, but with no ongoing mining activity. One claim for gold and copper is
registered in Aldersjon. Investigating the quality of the dust at these quarries will be needed to
determine whether or not local rock dust could be an appropriate and abundant resource for
local foodtech applications.

Bergart/Bedrock

[ Amfibolit

[ Diabas

[ Diatexitisk migmatit

[ Granit

[ Vacka

[ Tonalit-granodiorit

[ Gabbroid-dioritoid

[ Kommungréns/Municipallity border

Figure 6. The mineral composition of the bedrock in Harndsand
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5. Potential foodtech uses of the identified material and energy flows.

The identified flows in Harndsand can be segmented in three main categories: (1) flows of
organic substances, (2) inorganic substances, and (3) energy flows. Some potential foodtech
applications for such flows are discussed in sections 5.1- 5.5. In some cases, these categories
are further subcategorized depending on the origin of the resource. When used in foodtech,
however, materials from different groups are often used in combination to obtain a balanced
feedstock, and some of the proposed uses of one resource may thus require the use of others.
Such information may be lacking in the descriptions below. Furthermore, descriptions of
applications for particular substances may not be exhaustive, and many of the applications of
forest products for instance, could be transferred to agriculture waste etc. It is therefore
important, as previously noted, not to consider this feasibility study report as a complete
inventory. Important decision-making should be supported by more detailed assessments,
which could build on the information provided here.

5.1 Organic materials

Agriculture and forestry operations generate a number of by-products of low economic value.
Some of these can also cause environmental problems when disposed of. Agriculture residues
have traditionally been used for animal feed or bedding, but there is an increasing interest in
converting agriculture waste flows into high value products - even apt for human consumption.
While this report is mainly focused on identifying by-products and wastes, there are many
interesting alternatives concerning primary production. Most notably, grass can be used as a
substrate for producing protein concentrate for animals as well as humans, as well as other
materials and energy (see Fact box 1). This should be considered a highly interesting option in
a municipality, and region, where grass production is dominating agriculture, and where there
are relatively large areas with abandoned agricultural land that could be taken back into
production.

5.1.1 Agricultural residues
Agricultural residues include lignocellulosic residues such as straw, as well as other residues
such as discarded vegetables and fruits. The content in lignin and cellulose is determinant for
its application in foodtech since if affects digestibility. Animal feed has been proposed as an
outlet for some of the non-lignocellulosic by-products, but due to obstacles such as low levels
of protein, high levels of moisture and some anti-nutritional factors, i.e., presence of tannins
and polyphenols in many residues, this practice is not fully exploited (Aregheore 2000, Ulloa,
Van Weerd et al. 2004). Different levels of processing is often necessary in order to convert the
residues into suitable feed for fish, poultry, pigs or ruminants etc. Even ligno-cellulosic residues
are interesting as feedstock, not the least for ruminants. Manure from animal production can be
used primarily as nutrients for crop production, but also for other purposes, as described below.
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Fact box 1: The Green Valleys project

17

The Green Valleys project

In 2018, Europe’s largest biorefinery for grass substrate was launched in Foulum,
Denmark, following several years of successful research in a demo plant. This
biorefinery uses locally produced grass to produce a protein concentrate that can
replace imported soy protein in animal production. By-products from the process is
used as feed for ruminants and biogas production. No waste is generated. A similar
biorefinery is currently under construction in Vastra Gétaland, Sweden.

In Denmark and the majority of Europe, including southern Sweden, an increased
introduction of grass in intensively managed agricultural landscapes provides several
environmental benefits, e.g., reduced nitrogen leaching and soil erosion, reduced use of
pesticides, and increased biodiversity. At the same time, biomass production can be
substantially higher compared with conventional food crop production systems.

For further information, contact co-author Oskar Englund or visit the project website:



https://agrovast.se/eu-projekt/green-valleys/

Feedstock for edible insects

One novel approach to create value out of organic waste is to use it to feed edible insects. Insects
have become an increasingly interesting food product during the last decade, both as feed for
animals and for human consumptions. Globally, among 2 billion people eat insect from time to
time, and because of its many ecological benefits, that number is estimated to grow considerably
in the future (Van Huis, Dicke et al. 2015). One significant benefit of insects as an alternative
animal protein source is that insects can be reared partially or exclusively on organic side
streams (Van Huis, Van Itterbeeck et al. 2013). Many organic waste flows present in Harnésand
such as manure, pig slurry and municipal compost are suitable for this. Another important
characteristic that make insects interesting for foodtech in Harndsand is its resource-efficiency
(or feed conversion ratio). The feed-to-meat conversion rates (how much feed is needed to
produce a 1 kg increase in weight) differ dramatically between different species. Typical feed
conversion ratios range from 2.5 kg for chicken, 5 kg for pork and 10 kg for beef (Smil 2002)
but most insects require far less than that. It has for example been suggested that crickets are
twice as efficient in converting feed to meat than chickens (Van Huis, Van Itterbeeck et al.
2013).

Suitable insect species for Harndsand (capacity to be reared on organic waste flows and high
feed conversion ratios) include the common housefly (Musca domestica), the yellow mealworm
(Tenebrio molitor) and the black soldier fly (Hermetica illucens). The latter is particularly
interesting since research on using local materials to rear black soldier flies is currently being
conducted by Ph. D student Robert Norgren at MIUN. These three species are reared primarily
for fish feed but other insect species, such as crickets, may be produced as a higher value
product for human consumption. At present, however, the sale of insects for human
consumption is not permitted in Sweden, due to restrictions in food and feed legislation. That
is likely to change soon as a number of species, including, e.g., Acheta domesticus, Alphitobius
diaperinus, Gryllodes sigillatus, Locusta migratoria and Tenebrio molitor, are being
considered by the European Commission for authorization as novel food on the European Union
market.

Single-cell protein
Another promising foodtech innovation for Harndsand, suitable for human consumption or as
animal feed, is single-cell protein. Single cell proteins (or microbial proteins) are edible pure or
mixed cultures of unicellular microorganisms such as algae, yeasts, fungi or bacteria. The
production of single cell proteins can be appropriate in Harnésand since it has the potential to
produce food reliably even under harsh climate conditions and use waste material including,
e.g., wood, straw, cannery, and food-processing wastes, residues from alcohol production,
hydrocarbons, animal and even human and excreta(!) as its principal feedstock (Vrati 1984).
Microbes that can be suitable to grow in Harndsand include, e.g., (1) yeasts such as
Saccharomyces cerevisiae, Pichia pastoris, Candida utilis, Torulopsis coralline, Geotrichum
candidum, (2) fungi such as Aspergillus oryzae, Fusarium venenatum, Sclerotium rolfsii,
Polyporus, Trichoderma, Scytalidium acidophilum, (3) cyanobacteria such as Spirulina sp., and
(4) algae such as Chlorella sp. (Ravindra 2000). The cultivation of some of these species are
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under development to be commercialized but others, e.g., Chlorella and Spirulina, are
commercially mature and could enable a viable business case for local entrepreneurs. Currently,
most single cell protein is grown on agricultural waste products which makes it resource-
efficient, but the use of autotrophic organisms can decrease the need for inputs even further
(Bogdahn 2015).

Production of single cell biomass has many advantages over traditional methods for producing
proteins for food or feed, including:

e amuch higher growth rate

e the entire biomass is edible compared to traditional crops where large parts such as
stems, leaves and roots are not

e higher protein content than vegetables or grains (typically 30—70% of dry matter)
e good digestibility and nutritional quality

e resource-efficient since a broad spectrum of raw materials including waste products can
support growth of edible microorganisms.

¢ independent of seasonal and climatic variations
Limitations for production of single cell protein in Harndsand include:

e the cultivation of some of the species is commercially immature and further research is
needed

e the extraction of single-cell proteins may be energy-intensive as processes such as
centrifugation, flotation, precipitation, coagulation, and filtration are used (Ritala,
Hékkinen et al. 2017).

5.1.2 Forest residues
Forest residues include unprocessed wood residues such as sawdust, wood chips, and bark, as
well as wastes and residues from forest-based industries, including, e.g., discarded paper and
cardboard, paper mill discards, pyroligneous acids from charcoal production, etc. Although
these materials may have very different characteristics, they are discussed together in this
section since foodtech applications often involve mixtures of different materials and one
material can be substituted by another.

5.1.3 By-products from timber and pulp/paper industry
By-products from forestry and pulp/paper industry include primarily fibrous lignin rich
materials. Some bioactive substances with high economical values such as betulin from birch
bark (Ekman, Campos et al. 2013) can be extracted from the bark (Berglund, Blomberg Saitton
et al. 2014) but forest waste is not usually associated with foodtech applications. However, a
number of foodtech uses can be foreseen using by-products from timber and pulp/paper
industries as a principal feedstock. Lignocellulosic materials have a porous and fibrous
structural tissue and are very resistant to degradation. This property may be exploited in a
number of commercial foodtech products. The biodegradation potential vary a lot between
different wood-based materials. Softwood mechanical pulp have a low biodegradation potential
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whereas natural wood cellulose has among the highest biodegradation potentials. Waste paper
from newspaper, magazines and corrugated cardboard typically have medium biodegradation
potential (Dobrin, Ros U et al. 2012).

Feedstock for growing substrate

Growing substrate is an outlet for fibrous forest residues that has received increasing attention
during the last decade as peat is being phased out as a feedstock due to legal restrictions and
demands from environmentally conscious consumers. The term growing substrate is commonly
used to describe any material other than soil that can be used to grow plants in a container.
Growing substrates are often formulated from a mix of different raw materials in order to
achieve the correct balance of air and water-holding capacity for the specific use that is
envisaged. The blending of a small fraction of other material than the forest residue-based
compost may be crucial to achieve specific properties. Different sub-niches of growing
substrates within the foodtech industry may attain very high commercial value compared to
ordinary potting soil.

Microgreens

One such niche is substrate for microgreens, an emerging category of edible greens with a
commercial potential that has grown rapidly in recent years. Essentially, microgreens are tender
seedlings of vegetable seeds like beet, amaranth, mizuna, cabbage, kale etc. that are harvested
7-21 days after germination when the cotyledonary leaves are fully developed. Microgreen
cultivators typically use thin film called grow pads (of approximately 25 X 50 c¢m) in trays.
These grow pads is a special niche for substrate producers that generate a significantly higher
income per kg substrate than if sold as a bulk product in bags. A pack of 10 grow pads (of the
size 25 X 50 cm) are currently sold for 140 SEK. Currently, peat-based mixes, coconut coir and
synthetic mats are the main substrates for microgreens production, but alternative organic fibers
such as recycled textile and jute-kenaf fibers have been assessed with satisfying results (Di
Gioia et al. 2017). Grow pads for microgreens is an interesting outlet for forest residues since
a poor nutrient content is not a constraint (the seed itself provide the nutrition during the short
growth period).

According to Di Gioia et al. (2017) the ideal growing substrate for microgreens should:
e De locally available and inexpensive,
e derive from renewable sources,
e have an adequate ratio between micropores (55-70%) and macropores (20-30%)
e have apH in the range of 5,5 and 6,5,
e have a conductivity below 0,5 dS m-1, and
e Dbe free of pathogens.

Local resources from the municipality of Harndsand based on forest waste (alone or mixed with
other components like biochar or minerals like perlite etc.) could be modified to comply with
these requirements. Read more about the production of compost for growing substrate from
forest residues in Haller (2019).
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Biochar

Most of the forestry-based residues in Harndsand can be converted into biochar, which is a
product with many potential uses within foodtech. Biochar, i.e., biologically derived charcoal,
has gained interest in recent years, both because of its potential to sequester atmospheric carbon
and because of its excellent qualities as a soil amendment. Produced through pyrolysis in
anaerobic conditions at 300-500 °C, biochar is a promising way to give added value to forest
residues, including low-value logging residues, by incorporating it in foodtech. Biochar may be
used as a pure product for soil conditioning or may be mixed in commercial growing substrate
blends. As an ingredient in growing media, biochar may improve the physical structure of the
substrate and modify hydraulic properties. Few studies have been undertaken on its inclusion
in growing substrate but they are promising (Steiner and Harttung 2014). Fascella (2015) for
example show that the inclusion of biochar in growing substrate resulted in enhanced cation
exchange capacity, reduced nutrient run off, improved water holding capacity, and suitable
conditions for beneficial microorganisms. The sale of biochar to local food production
entrepreneurs in Harndsand may be a viable business case. According to a survey conducted
with Swedish farmers, the willingness-to-pay for biochar could be 2600-3000 SEK/m3
(Anderson 2018).

Pyroligneous acid as a foodtech resource

A by-product from the production of biochar is the pyroligneous acid, which in itself may be
an interesting product for some foodtech applications. Currently, the only commercially
important application of pyroligneous acid is that of smoke flavour in food (Mohan, Pittman et
al. 2006) but in Japan it has been used for centuries to increase crop production and to combat
agricultural pests (Steiner, Das et al. 2008, Spokas, Novak et al. 2011). Pyroligneous acid
contains phenolic compounds that are known to have antimicrobial properties (Loo, Jain et al.
2008) and it has successfully been used to control bacterial decay of foods (Mohan, Shi et al.
2008). At low concentrations however, pyroligneous acid has been shown to stimulate
germination, growth and yield in a wide range of plants (Kadota and Niimi 2004) and it can
thus be used as soil amendments. (Zulkarami, Ashrafuzzaman et al. 2011). It is also useful as a
growth stimulator for mushroom cultivation. For example, the formation of fruit bodies of
edible fungi, such as Lentinus edodes, Pholiota nameko and Pleurotus ostreatus, was
significantly increased after applications of pyroligneous acid to the growth medium
(Yoshimura, Washio et al. 1995).

Forest waste feedstock for edible insects
Alike agricultural residues and waste (see section 5.1.1), forest residues is a promising
feedstock for many edible insects. As a matter of fact, many wood-eating (xylofagous) insects
that utilize wood material as feed are edible. To date, insect rearing has mainly been conducted
on insects with other feed sources than wood. However, the low price and high availability of
forest residues indicate that rearing of wood eating insects can be a promising innovative niche,
which should be further explored. In order to be used as insect feed, some pretreatment
(thermochemical, mechanical enzymatical, biological) is necessary (Varelas and Langton
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2017). Ongoing experiments in Sweden and internationally are trying to surpass technical
boundaries and make this practice commercially viable.

Substrate for mushroom cultivation

Mushrooms are eukaryotic organisms that do not photosynthesize but acquire their food by
absorbing dissolved molecules, typically by secreting digestive enzymes into their
environment. Many cultivated mushrooms use lignocellulosic material as their nutrient source,
making forest residues an ideal substrate. A number of wood substrates from different species
may be appropriate (Strapac¢, Kuruc et al. 2017) and many residual products of low value could
be prime feedstock for mushroom cultivation (Djarwanto and Sihati 2016). As an example saw
dust can be used as substrate in cultivation of fungus such as Oyster mushroom (Grimm and
Waosten 2018). Mushroom cultivation is space-efficient and the Swedish market for mushrooms
cultivable on wood, such as shiitake and oyster mushroom, is growing.

Products from anaerobic digestion
Some authors predict that paper and pulp mills will become bio-refineries, where paper
production is only one part of the product line (Meyer and Edwards 2014). In such bio-
refineries, anaerobic digestion of fibrous waste from pulp and paper industry may be converted
into products such as ethanol, fertilizer and other agronomic products of interest for the
foodtech industry. In Harnésand, the Domsjo factories is a natural partner in further research as
well as Processum/RISE, when it comes to use of wood fibre and bio-refineries.

5.1.4 Waste from industrial fishing
Although the waste flows from the fishing sector in Harnésand are relatively small, there are
some opportunities to convert these flows into suitable products within foodtech. Fishery waste
can yield products such as fishmeal and fish bone meal that provide important nutrients as
fertilizer. If processed, some specialty products such as fish hydrolysate may attain values that
justifies commercialization.

5.1.5 Agroindustrial residues

Globally, meat, poultry, and fish industries, followed by fruit and vegetable processing
industries, produce the highest amounts of food waste (Thassitou and Arvanitoyannis 2001,
Wilson, Rodic et al. 2015). Furthermore, seafood processing plants discard large amounts of
fish biomass as a by-product (Kristinsson and Rascoa 2000). There are no major agroindustrial
industries in Harnésand, but substantial amounts of food waste are likely to be generated in
households and in industrial kitchens. This is currently composted to produce soil or used as
substrate in biogas production.

The use of whey in foodtech
Whey is a by-product from the dairy industry that is produced when milk casein is removed
from the milk in dairy operations to make cheese and other products. This liquid by-product
constitutes between 85-95% of the milk volume and 55% of milk nutrients remain in the whey.
About half of the yearly global production of 145 million tonnes is utilized for animal feed etc.
The chemical content of whey is characterised by lactose, a number of essential and non-
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essential amino acids in different proportions, vitamin B 1,2,6,7,12, folic acid and lactic acid
(Ostberg, Jonsson et al. 2007), all interesting constituents for foodtech.

5.1.6 Food waste
Food waste is a resource that can be used as feed and fertilizer, as a raw material for biogas
production or as fuel in incineration. The flow of nutrients and organic material in general is an
important source, which with the right treatment and control could support food production.
Locally available organic fertilizer, including from compost, biogas reactors, and sludge from
wastewater treatment plants, has in a long run test shown positive effects on soil
microorganisms, soil chemical properties, as well as on yields (Odlare 2007).

5.1.7 Wastewater and sludge

Wastewater and sewage sludge from municipal treatment plants are flows of considerable sizes
that can be exploited for their nutrients, especially phosphorous. Typically, these flows are
linear and there are several barriers for returning these nutrients to food production. The main
barrier for using sewage sludge as fertilizer refers to possible soil contamination of pathogens,
heavy metals, e.g., cadmium, and pharmaceutical substances (Jelic, Gros et al. 2011). The use
of sewage sludge is therefore restricted by legislation. In Sweden, sewage sludge needs to be
certified through REVACQ before used on agriculture soil. The REVACQ certificate,
developed by Svenskt vatten, the Swedish Farmer Association (LRF), and the food industry,
aim to secure the quality of sludge, both upstream and downstream. Using sludge as substrate
in biogas production, however, yields a product suitable for fertilization (Odlare 2007).

The average sludge production in DS (dry substance) within EU, has been estimated to
90g/person and day, corresponding to a total of about 2 tonnes per day in Harnésand
municipality. The quality of the sludge depends both of the input of waste water and the
treatment process (Fytili and Zabaniotou 2008). The amount of dry substance in sludge is
important and drying processes could be expensive if not waste energy is available (Flaga
2005).

Sewage sludge can be used as a principal feedstock for single cell proteins (Vrati 1984), insects
etc., but consumers may be reluctant to consume such products. Wastewater sludge can also be
used to produce biochar if the maximum limits for heavy metals etc., according to Revag or the
European Biochar Certificate, aren’t exceeded. Such application is likely to be easier for
consumers to accept.

5.2 Inorganic resources

A number of inorganic materials may be of use in foodtech. Reuse (i.e., using, but not
reprocessing, previously used items) of salvaged materials such as used building material, scrap
metal, tires etc. may be a good way to save time, money, energy and resources. Items of indirect
use in foodtech installations is outside the scope of this study, but some inorganic materials like
rockwool or perlite may be used as growing substrate in greenhouses (Gruda 2011), providing
structural support to the plants.
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5.2.1 Rock dust

Rock dust is a residual product from quarry operations where rocks are grinded. The fine dust
is an inevitable by-product (Jones, Chesworth et al. 2009) and as much as 5 % of the crushed
rock in quarries ends up as mineral fines suitable for soil amendment (Sikora 2004). This fine
powder essentially contains all the nutrients required for plant growth, with the exception of
nitrogen (Van Straaten 2002), although in minute amounts and typically of low solubility. The
presence of Ca, Mg, and K can be significant in some rock dust (Gillman, Burkett et al. 2002)
and the low solubility compared to fast releasing commercial fertilizer is not necessarily a
disadvantage. Long duration effects of fertilization are often desirable and laboratory studies
by Gillman, Burkett et al. (2002) suggest that the positive effects of rock dust increases with
time of incubation.

The solubility and chemical composition vary between different rocks. Granite and many other
silicate rocks have too slow release rates and contain many minerals of little importance for
plant growth to be economical for agricultural use (Van Straaten 2006). However, basalt has
among the most readily available nutrients of all silicate rocks (Van Straaten 2002). A thorough
survey of Harndsands mineral resources is thus necessary to indicate possible uses for foodtech
in Harnoésand (see chapter 4). If solubility is found to be low, chemical, biological, or physical
modifications can be used to improve the solubility. Solubilisation may be an energy and
chemical-intense endeavour and all rock dusts are extracted from the earth’s finite mineral
reserves, meaning it cannot be considered a renewable source in a time scale relevant for
humanity. Rocks, however, are among the most abundant resources on the planet and although
shortage is not likely to occur, the rock dust should be used circularly, once extracted from the
bedrock. Rock-fertilizer impacts microorganisms and pH level (Carson 2009), but the effects
differ widely depending on the type of soil, plants, pH level in the soil, etc. A thorough
assessment about the needs and available resources in terms of rock dust is necessary before
considering any large-scale application.

5.3 Energy flows

The annual average temperature in Harndsand is around 4° C, which is more than 20 degrees
below what is optimal for biomass production. That means that the use of additional energy to
increase temperatures in greenhouses or other food producing sites can increase the yield
potential significantly. The need for heating to enhance yields is however not exclusive to
northern Sweden and since Harndsand has relatively low electricity prices, investors in the
foodtech sector may consider it an attractive location. From a sustainability perspective, it
would be beneficial to exploit waste energy from large industries in order to provide heat for
food production. All industries that use energy produces heat as a waste product and this heat
can be directed to neighbouring buildings. Heat may be hard to capture, as many heat sources
are diffuse emissions. Normally the low content of useful energy makes it difficult to find
economically reasonable applications. Nevertheless, local and concentrated emissions might
still be useful. One application, to our knowledge not systematically studied, is the observed
increase in milk production by heating up drinking water for cattle. As heat is available
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wherever energy is used, mapping the availability, amount and quality (temperature, medium
(steam, air, water) etc. could inform the development of effective and efficient applications.

6. Recommendations

Current agricultural and industrial production in Harnésand is largely based on linear resource
flows and value can be added to many resources before they leave the region. We have
attempted to identify and quantify some of these flows and provide general suggestions for how
loops can be closed, thereby creating new value-chains and avoiding that resources are lost
(such as P to the Baltic Sea). We have highlighted a number of by-products produced in the
region that currently attain low values and suggested how these resources can be used as
feedstock in foodtech operations. The most interesting flows for foodtech in Harndsand come
from forestry and agriculture and food industry waste.

New resource-efficient sources of food (such as insects and single cell protein) is potentially a
promising opportunity to avoid future food shortages, as well as a market opportunity for local
entrepreneurs. Thanks to high nutritious value, high feed conversion rate and low emissions of
greenhouse gases, edible insects and single cell proteins are interesting production niches with
increasing markets that could be well suited to Harndsands specific characteristics and needs.

Growing substrates is also a promising outlet for forest wastes. Within the growing substrate
niche, various sub-niches exist. Some with significantly higher commercial values than others,
albeit with a more limited market. Growing substrate demands compost of high quality (Raviv
2005) but even within the growing substrate segment, there is room for different qualities of
compost. Composting fibrous forest residues could provide products of considerable value to
the horticultural and container-grown industries. Such markets put very high requirements on
compost quality and consistency, but the financial returns can also be rather high. However,
also markets with lower value that can accept compost of a lower quality may be equally
interesting if the productions costs can be kept low and the markets size is sufficiently large. A
thorough market analysis of the needs for growing substrates in an emerging foodtech based
economy in Harnosand is necessary to elucidate what market strategy is the most appropriate
for each specific case. The conversion of locally produced grass into protein concentrate, as an
alternative to imported soy protein in animal production, is another market opportunity that
should be investigated further.

The commercial value, market segments, size, and potential buyers for the different proposed
foodtech applications, vary widely. Some production systems are already sufficiently mature to
be commercialized, others are in need for further research. The incremental innovation
approach, in which local foodtech entrepreneurs are supported by researchers at Mid Sweden
University to develop new production methods, can be a promising strategy towards developing
a strong foodtech industry in Harnésand.
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