1 (16)
VINNOVA – UDI – S2

Date: 2017-05-01
Dnr: 2015-04412

Final Report Step 2 UDI

Contents
1.

Executive summary .............................................................................................................2
Innovation ...............................................................................................................................3
Market focus ...........................................................................................................................3
Results .....................................................................................................................................3
Effects .....................................................................................................................................3
2. Tests and evaluations of solutions ......................................................................................4
3. Identified opportunities and barriers to implementation .....................................................7
Waste heat quality ...................................................................................................................8
Greenhouse knowledge transfer ..............................................................................................8
Fish farms and nutrient recycling ...........................................................................................9
Industrial symbiosis and financing .........................................................................................9
4. Solid understanding of customers, markets and stakeholder demands .............................10
5. Developed utilization and communication plan ...............................................................11
6. Development and change of the partner constellation ......................................................12
7. Logic of project effects .....................................................................................................13
8. Lessons learned .................................................................................................................16
9. Attachments ......................................................................................................................16
Attachment 1: Project results and effects logic (in Swedish) ...............................................16

2 (16)
VINNOVA – UDI – S2

Date: 2017-05-01
Dnr: 2015-04412

1. Executive summary
RePro Food is short for Recirculation based production and processing of vegetables and
fish. The project is an initiative by Findus to create a recirculating food production system
starting with five hectares (ha) of greenhouse and a fish farm for 500 tons’ annual production
using waste heat and carbon dioxide from the Findus food processing plant at Bjuv. The new,
integrated food production facility would re-use 15 million kilowatt hours (GWh) of waste
heat and 400 tons of carbon dioxide (CO2). This full-scale demonstration facility was
envisioned to expand locally to 15 ha of greenhouse and 1500 tons of fish and to pave the way
for a nation-wide roll out of 900 ha of greenhouses and 50 thousand tons of fish production
capacity. Figure 1 illustrates the envisioned flows created.

Figure 1: A circular and symbiotic system
In the growing infrastructure developed in RePro Food, heat is captured and distributed in series by
degrading temperature quality. CO2 from industry is extracted and re-used to augment growth as
are nutrients from fish farming. Rainwater falling on the greenhouse is stored and used in the fish
farm, before returning to the greenhouse.

The project has met and surmounted substantial changes and challenges. First, the project
manager who had conceived, designed and applied for the project resigned, revealing that the
project planning was insufficiently described and needed to be recreated by the new project
management. This process soon demonstrated that elements of the time plan were impossible
to fulfil, particularly concerning the permitting process for construction. The urgent need for
the permit was in any case obviated by the Findus’ decision to close the plant from which the
waste heat was planned to have come, necessitating the reinvention of the project along two
lines of inquiry, one based on finding alternative local sources of waste heat and one based on
using the project as originally conceived to develop the organisational capability to quickly
roll out future projects, using the initial project as a template.
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Innovation
Achievement of project goals required substantial technical innovation as well business model
innovation. A summary of project innovations is given in Table 1, in Section 2. Innovations
can be divided into three main areas:
1. Greenhouse technology innovations including glass quality, heating systems and
hybrid lighting systems. These have been developed and extensively tested for the
project in testing facilities in the Netherlands.
2. Heat capture techniques for conditions involving immersed solid waste impurities,
corrosive chemicals and poor and/or varying temperature qualities.
3. Business structure innovations to incentivise recycling of waste resources and
investment in regenerative industry infrastructure.
Market focus
The project has greatly benefited from the established market presence of Findus and the
parent companies of Royal Pride Sweden. Both are significant actors on the Swedish food
market today, with continual exposure to consumers’ evolving preferences. This asset has
been leveraged by the project for market focus, meaning that facilities have been designed to
deliver products in demand, obviating the need for costly new product introductions and
lessening market risk, thus making the facilities substantially more interesting for investors.
Results
The project has demonstrated attractive investment opportunities for systems based on waste
heat, especially if coupled with recycling of CO2. The project case illustrates how waste heat
enables profitable greenhouses and greenhouses in turn enable fish farming. The project has
produced greenhouse design and investment calculations, fish farm design and investment
calculations, tomato, pike perch and rainbow trout production estimates and sales revenue
estimates, modular heat capture and distribution system calculations, profit and loss sheets,
balance sheets and cash flow analysis for 20 years of infrastructure operations, calculations of
returns for investor groups and a summarising investment memorandum. All these are
designed and intended to be used as templates for a national roll-out of similar facilities, with
local adjustments, as well as the facility in Bjuv when operations at the Findus site again
produce sufficient waste heat.
Effects
A typical establishment, based on the project (15-hectare greenhouse and 1500 tons of annual
fish production), would annually recycle 50 GWh of waste heat and 12,000 tons of carbon
dioxide and create 180 full time jobs (150 at the greenhouse and 30 at the fish farm), while
also improving process efficiency upstream at the industry that delivers waste heat. Previous
estimates envisioned 900 ha of greenhouses in Sweden, but this number appears not to
consider the vast gains in efficiency with new greenhouses. Even so, half that number would
imply 30 typical establishments, recycling 1,5 TWh of heat and 360,000 tons of CO2 per year
and attracting investments in sustainable food production infrastructure totalling 15 billion
SEK and provide 7,500 jobs nationwide.
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2. Tests and evaluations of solutions
A summary of project innovations is given in Table 1. Each innovation listed had undergone
its own testing and evaluation process, which is briefly summarised here. Full reports and
more detailed data can be found via links under Section 9, Attachments.
Table 1: Summary of project innovations
The RePro Food innovations cover a broad spectrum, from technical to financial. For each innovation,
the challenge posed to necessitate the innovation is described, together with the identified solution,
progress or result and a breif description of the process of testing and evaluation.

Summary of Project Innovations
Heat Capture 1
The challenge: Heat recycling from waste water is a potentially valuable resource. In the
RePro Food project, heat from waste water at Findus was identified as the primary heat
source. Heat recycling from waste water is challenging because of solid materials in the
waste water stream. In the Findus case, these were bits of food waste, rinsed out in the
processing. Such solid material quickly clogs the heat exchangers used to capture the
heat. Filtering the waste flows was not deemed to be viable, due to prohibitive operations
costs. Veolia’s task was to find a technical solution for a heat exchanger technology that
could be used to capture the heat.
Solution: Veolia identified a heat exchanger system named SHARC developed by
International Wastewater Systems in Canada: http://www.sewageheatrecovery.com/.
SHARC is specifically designed for use on sewage flows. By automatically continually
alternating the flow of wastewater through the heat exchanger, SHARC incorporates a
continual back-flush into the heat exchanging process so that solid waste material is
flushed out.
Testing and evaluation: The innovation was primarily a challenge of identification – a
worldwide search for a technical solution to the specific challenge of pieces of various
sorts of food in a variety of sizes in the waste water stream from which heat was to be
recycled, thus quickly clogging conventional heat exchangers. The identified technology
was one developed for heat recycling from sewage.
Heat Capture 2
The challenge: Veolia investigated heat recycling from Saint-Gobain Isover in
2
Billesholm for use in a facility consisting of a 70 000 m greenhouse and a fish farm for
500 tons of fish per year. The study showed that the heating needs of the greenhouse
would vary considerably, due to climate conditions combined with the intermittent use of
growlights. The quality and quantity of the available waste heat varied significantly. The
median temperature of the waste heat seemed initially insufficient for direct use for space
heating. An important part of the investigation was therefore to test the limits in
temperature to heat the facility.
Results: The results show insufficient heat from the source to heat the intended facility.
Nonetheless, the case delivered critical method innovation for heat recycling projects:
The case:
• Demonstrated a methodology for matching a heat source and heating need.
• Identified upstream risks in potential efficiency investments at the source facility.
Demonstrates the potency of the method for risk management.
• Demonstrated the potential of using source heat under 40° to cover significant
portions of heating needs, a substantial contribution to overall efficiency.
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Testing and evaluation: A model of heat needs compared to supply on an hourly level
of detail was developed to calculate the lowest possible temperature to provide the
necessary heating capacity.
Greenhouse Glass
The challenge: Greenhouse output is fundamentally constrained by the amount of
photosynthesis that takes place inside. To maximise the uptake of light to plants, the
quality of the glass has been demonstrated to have a significant effect. Diffuse glass
breaks up light and has been shown to increase light uptake in plants, but has not been
tested for Nordic conditions. At the same time, heating costs are a substantial challenge
for competitiveness and energy use for heat affects the environmental footprint of
operations. The challenge is therefore to find a glass that optimises production.
Results: To have a good understanding about the light transmittance of diffuse glass
with AR coating (this coating is to limit the reflection of light so that more light comes
through the glass. We asked for a independent measurement for 10 pieces of glass
supplied by the Chinese company, Hennan Yuhua new material Co.Ltd. This report
shows that the average light level of the glass is 96% which is at least 5% better than the
standard of normal glass used for greenhouses.
Testing and evaluation: A glass was selected for based on specifications of 97%
transmittance and 70% hazing. Ten glass samples were aquired and tested by an
independent company for transmittance and hazing. The tests showed that the samples
(predominantly) performed according to specifications, within given tolerances. Because
transmittance directly correlates to growth, the value of transmittance can be directly
calculated. 70% hazing is one specified value for the future Tomato Innovation Center.
Hybrid Greenhouse Lighting
The challenge: Year-round production maximises the usefulness of the infrastructure
and customer value and provides steady, secure employment for hundreds, but requires
lighting. Conventional lighting technology using high-pressure sodium lamps (hps) and
represents a significant cost for electricity use, as well as an indirect environmental
impact. Experiments with LED (light emitting diode) lighting show that, for hitherto
unexplained reasons, fruit growth is inhibited with LED light. A hybrid lighting system,
comprised of both HPS and LED technology could provide cost savings and
environmental benefits without loss of production.
Results: A hybrid grow light system consisiting of a combination of high-pressure sodium
(HPS) and light-emitting diode (LED) lighting was suggested. The result is a more precise
light spectrum and 10-15% energ savings.
Testing and evaluation: We hired an energy advising company AAB.NL to make a
report for the energy needs in Ljusdal based on average weather data for Ljusdal. Based
on this report we calculated the installations for heating and grow lights. The connections
that we need to the grids and the commodity amounts for heat and electricity. Also based
on this data, we made a estimation of the energy savings with this new type of heating
system and hybrid grow light installation.
Use of Low-Grade Heat for Greenhouse Heating
The challenge: Using recycled heat to warm greenhouses allows greenhouse growing to
be competitive in cool climates, but much waste heat is available at low temperatures.
Being able to make use of this heat directly, without the expensive use of heat pumps, is
therefore an important competitive advantage. Conventional heating systems for
greenhouses use warm water to convey the heat, but with the low temperature difference
the capacity for heat transfer through the piping may be insufficient on cold winter days.
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Progress: This year we re-invested in a trial center in the Netherlands where we have
gained valuable knowledge which we can use in the TIC in Sweden. Especially the
technical development of the ‘BaOpt’ climate solution, which made it possible to work
with low temperature waste heat, gave us very important new insights for further
development and implementation of this system. Based on the trial we did in 2014, and
the research report that Wageningen University made of that trial, we where able to
design a more stable installation that also help us to build at a economic scale.
2

Testing and evaluation: Trials were conducted in a 700 m test greenhouse with the
BaOpt system installed and monitoring systems. Data collected in the trial facility were
compared with data from a conventionally heated referece facility nearby. Data collected
and analysed included
Plant length (cm/week), Leaf length (cm), Thickness of stem (mm), Flowering truss (nr),
Number of leaves (#/stem), Distance between plant top and flowering truss (cm), Number
of set fruits (#/m².week), Number of harvested fruits (#/m².week), Average fruit weight
(g/fruit) , Harvested production (kg/m².week), Number of fruits/truss, Number of trusses
per stem and Development speed (trusses/week). Measurements were made for four
months.
Recycling
The challenge: Waste water emissions and related environmental issues are a major
barrier to on-land fish farming. Even recirculation aquaculture systems (RAS) need to emit
substantial water quantities continually including large concentrations of nutrients which
otherwise would become toxic to the fish. The waste nutrients can be profitably used as
fertiliser in greenhouse, but this requires coordination of the management of water and
nutrient flows between the greenhouse and the fish farm and is dependent on the
distribution systems for these at both facilities.
Progress: Multiple options for nutrient capture and recycling have been identified:
Aquaponics, were fish and plants share the same water which is circulated three times a
day and RAS (Recirculating Aquaponic Systems) were filters remove solid waste and
bioreactors convert ammoniak to fertilising nitrogen compounds. The RAS systems
investigated show that an RAS system kan be adjusted to local conditions, such as the
existance of a greenhouse or biogas production, but can also operate independentaly. This
means that a system that recirculates nutrients to a greenhouse offers cost advantages,
but does not necessarily limit fish farm deployment.
Testing and evaluation: Evaluation has been based on a triangulation methodology, with
indendent inputs from a variaty of actors. The state-of-the-art of available options was
described in a project report by project partner Swedish University for Agricultural Sciences
(SLU). Project partner Söderåsens Biogas supplied input on conditions for nutrient
recycling to biogas. A market investigation by WA3RM revealed that Peckas Naturodlingar
have demonstrated a closed-loop aquaponic system where the entire water volume of the
fish farm is circulated through tomato plant beds three times daily, supplying nutrients to
the plants and clean water for the fish. Project partner Veolia connected to the Kaldnes®
RAS from Veolia Water Technologies that utilizes a drum filter to separate solids that could
be suitable for biogas and/or agriculture.
Business and finance structure for regenerative industry
The challenge: To put in place the industrial-scale food production infrastructure that is
the goal of the RePro Food project, the required investment is in the hundreds of millions
of SEK value range, making it necessary to attract both loan financing and outside equity
investment. In order to ensure that the cost of capital is affordable, the risks to investors
must be managed and described carefully.
Progress: A business model for the infrastructure investments has been completed, and
also shows the operations of the greenhouse and fish farm, clearly demonstrating excellent
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profitability and therefore low risk to investors. A legal framework to govern the
relationships of the involved parties has been completed.
Testing and evaluation: The business structure has been tested and evaluated between
the parties of the project, they being the future parties to an agreement to construct and
operate the facilities. The financing model has been tested against national and
international banks.

In addition to testing and evaluation processes in the reported innovation process, watershed
decisions were also made at other junctures of the project. One such example was the size of
the design-base greenhouse, which was 15 ha, rather than the original 5. The driver for this
decision was the cost of the energy system installations, especially for connection to the
electrical grid. The cost and the time needed for the connection invalidated the previous plan
to start with 5 ha with an option to expand; a 5 ha facility with the energy systems for 15 ha
would be uneconomical. Building energy systems for 5 ha and then rebuilding for 15 would
be daft.
A simultaneous (indeed at the same project meeting) decision was the choice of fish species.
This is a market decision based on an analysis of the entire supply chain. Market demand for
the product weighed heavily, but other considerations were also necessary, such as the
availability of juveniles, appropriate feed, and farming systems, the optimum growth
temperature of the species and competing supply.

3. Identified opportunities and barriers to implementation
The central premise of the project is that the use of waste heat makes greenhouse operations
profitable in Sweden and that the establishment of greenhouses enables highly profitable fish
farms by solving the environmental issue of handling effluents. The recycling of heat and
nutrients are therefore central to the business concept. This premise was further strengthened
by when project development demonstrated that recycling of CO2 further significantly
contributed to greenhouse profitability. The detailed profit and loss statements of operations
demonstrate that the central premise holds true, and that combined greenhouse and fish farm
operations based on waste heat offer attractive returns to investors, which, combined with a
strong sustainability profile and a locally grown product offering, together offer a win-winwin investment. The strength of the opportunity begs the question of why such facilities are
not already ubiquitous. This will be explored below.
In this section, barriers and opportunities to implementation are discussed in additional detail.
The innovations shown in Table 1, in Section 2 all aim to exploit opportunity or overcome
barriers, but in the interest of brevity, these will not be repeated here. Instead, this section
contains a forward-looking discussion of four main areas of innovation in the project.
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Waste heat quality
Industrial waste heat is available in sufficient quantity for the envisioned rollout of projects.
Official statistics show 9,5 TWh available from industry, not including the energy industry,
compared to an estimated need of 1,5 TWh. However, the project demonstrates two
significant barriers to recycling waste heat. The first such barrier, forcefully demonstrated by
the Findus plant closure is the risk involve with a long-term supply contract based on waste.
The project parties have developed a two-tier response:
1. The use of a qualification study to select projects, including not only technical issues,
but management and strategy as a basis to assess risk
2. Back-up heating solution must be presented in the investment memorandum, showing
that investor and lender capital can still be returned, albeit at a lower rate
The second barrier is the quality of the waste heat, specifically its temperature, intermittence
and carrier medium. The amount of waste heat is typically calculated by measuring the
amount of energy used and subtracting the energy stored in products, typically a small
amount. The “waste” is therefore similar in size to the use, for most industries. The useful
waste heat is the heat that can be captured and distributed and that corresponds to the
difference in temperature between the waste heat and the useful temperature to heat a
greenhouse. Existing greenhouses are typically designed to accept heat at 80° or more, and
55° seems to be a typical minimum temperature for conventional design. The RePro Food
project has developed and tested solutions that can use temperatures as low as 40°. The heat
available from Findus was 25° degrees, necessitating the use of heat pumps. However, the
calculations made in the project clearly demonstrate that it is impossible to meet the target
heating costs with the use of heat pumps.
The detailed modelling of heating needs and supply in the case of Isover indicate that
temperatures lower than 40° may be sufficient for large parts of the year, meaning that if a
back-up heating solution is present, this could be used to augment heating for the remaining
hours and still meet target cost levels. Heat availability from Isover was also intermittent. This
can be solved by heat storage in accumulator tanks and is therefore a calculable cost.
A significant and varying challenge is the waste heat capture. Ideally, waste heat of
appropriate quality is available in a water-based system such as a cooling system. Such heat
can be accessed with a heat exchanger. Often, this is not the case, and heat is instead found in
flue gases or in waste water and contains impurities and contaminants, causing the clogging of
heat exchangers, corrosion of system components or other difficulties. This will be an area of
continued innovation on a project-by-project basis.
Greenhouse knowledge transfer
Because Sweden’s cool climate have made greenhouse farming with conventional heating a
challenge for decades, greenhouse farming is in stark decline and the skills and knowledge
base for greenhouse farming has not been updated for a generation. Greenhouse farming with
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waste heat with the additional benefit of free or inexpensive fertilizer from fish farms offers
an opportunity to attract investment, as noted above, as well as an opportunity to import the
skills and knowledge to design, build and operate modern greenhouses. The RePro Food
project capitalises on this opportunity with the inclusion of Royal Pride Sweden in the project.
Fish farms and nutrient recycling
The RePro Food project in Step 2 revealed that the recycling of nutrients from fish farm to
greenhouse is not so much a technical problem as a market and organisation problem. As
described in Table 1, nutrient recycling can be accomplished by several means. The barrier
that the project experienced is that market and organisational circumstances are not
necessarily conducive to the simultaneous establishment of a greenhouse and a fish farm of
the exact proportions needed, with operators interested and capable of collaborating. While
RePro Food includes a world-class operator for greenhouses, extensive investigations in the
project have identified that no such actor exists for RAS operation.
Fortunately, world-class actors in RAS design do exist, even in the same company group as
project partner Veolia. The RAS 2020 system, offered to the project, (at a fraction of the cost
per ton fish to the calculations included in the Project Calculus) includes solid waste
separation and a bioreactor stage, opening a possibility for multiple nutrient recipients, for
example liquids to a greenhouse and solids to biogas or farm manure.
Industrial symbiosis and financing
Collaborations between industries sharing resources have been academically studied as
industrial symbiosis. A success factor for industrial symbiosis is thought to be the existence of
an “anchor tenant”, a stable and established actor lending credibility to long-term
commitments. In RePro Food, Findus acted as the anchor tenant to start the project. In a
departure from the “symbiosis” concept, RePro Food clearly benefited from the inclusion of
an actor – WA3RM – whose business concept is to develop regenerating industry, i.e. to make
money from successful establishment “industrial symbiosis”, and is therefore highly
incentivised to drive the projects forward. We find that this approach is easier for industry to
relate to than the biological concept of symbiosis, which adds to project credibility.
As the Investment Calculus shows, the typical RePro Food project would require a total
investment (in kind, loans and equity) of near 500 MSEK. A business structure has been
developed to package projects in a fashion attractive to investors. A specific finding from
interaction with potential investors/financiers was that one investment object containing all
farming infrastructure and energy systems provided a larger investment scope that was more
attractive to the desired investors/financiers.
Financing became a primary focus of RePro Food because none of the involved parties could
invest. The project had to be 100% financed, a substantial challenge.
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4. Solid understanding of customers, markets and stakeholder
demands
RePro Food is firmly anchored in market analysis, with a
strong understanding of market demand in quantitative and
qualitative terms as a pillar of the entire project. As the
project progressed, other market actors interacting with the
project have repeatedly confirmed the underlying market
analysis.
Swedish demand for tomatoes shows substantial growth and
decreasing market share for domestic supply 13%. Several
representatives shared a concern that the locally supplied
market share would fall below the level to be carried by
supermarket chains. Table 2 summarises the market
analysis and strategy for greenhouses.
Figure 2: RePro Food is an
initiative from Findus
Findus’ involvement has ensured
that RePro Food is market-driven

World demand for fish is increasing, an effect of economic
growth in developing regions coupled with health interests
in developed regions. On the supply side, wild fish stocks
are past peak harvest, and off-shore fish farming seems to have peaked as well, due to
environmental limits. The entire increase in demand must therefore be met by on-shore fish
farming. Table 3 summarises the market analysis and strategy for fish farming.

Table 2: Market analysis and competitive strategy for Swedish greenhouse tomatoes
The summary analysis shows that competetive disadvantage can be switched to advantage for Swedish
tomato greenhouses with the use of waste heat.
Market analysis and competetive strategy for Swedish greenhouse tomatoes
Current
situation:
Competitive
disadvantages
Current
situation:
Competitive
advantages
Strategy

• Cool climate causes high costs for heat
• Higher labor costs than in competing countries
• Lack of modern greenhouse technology know-how
• High transport costs for tomatoes provides a threshold for imports from
continental Europe
• Low electricity costs
• Ample water supply
• Remove cool climate disadvantage with waste heat and partner with foreign
know-how to circumvent knowledge disadvantage
• Coordinate operations in installed facilities to improve sustainability and cost
level of feed
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Table 3: Market analysis and competitive strategy for Swedish greenhouse tomatoes
The summary analysis shows that competetive disadvantage can be switched to advantage for Swedish
tomato greenhouses with the use of waste heat.
Market analysis and competetive strategy for RAS fish farming
Barriers

• No market established for easily cultivated species
• Marketable species need wastewater treatment and environmental permits

Advantages

• Large and increasing market for fish, attractive prices
• Proprietory biofloc technology

Strategy

Establish fish farming with greenhouses and recycle nutrients in a symbiotic
relationship, eliminating barrier for high-value species

A discussion about the market structure for greenhouse growers and fish farmers can be found
above.
RePro Food representatives have interacted with several projects and companies in related
fields, among them:
• Peckas Naturodlingar – develops and operates aquaponics, not based on waste heat
• Delad Energi – another UDI Step 2 project, investigating heat recycling in Malmö
• Gårdsfisk – microscale fish farming using farm buildings and easily farmed species
that are rebranded upmarket
• Alfred Pedersens & Son, Sweden’s largest greenhouse grower
• Elleholms Tomater, Sweden’s second largest greenhouse grower, uses waste heat
• Ljusdals kommun, in response to a call for interested parties to develop a greenhouses
and fish farms in Ljusdal on an unprecedented scale
These organisations are regarded as complementary to RePro Food and interaction is
approached on a basis of mutual beneficial collaboration. No direct competitor to RePro Food
has been identified.

5. Developed utilization and communication plan
A communication and utilization plan was developed and implemented, resulting in a project
home page, logotype and graphics. The home page is used as a repository and distribution
channel for project results. See www.reprofood.com.
Active communication activities were primarily with the respective partners as senders, with
RePro Food as a reference. These communications were in both closed and open fora, with
PowerPoint presentations as the communication vehicle, in addition to the spoken word.
The key group identified for communications is potential financiers. The primary
communication device developed was the investment prospectus with calculations, available
at www.reprofood.com. This document and spreadsheet provide a template for future
investment memoranda and for 20-year business modelling, with annual profit and loss
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statement, balance sheet and cash flow analysis, full investment breakdowns, full
transparency and adjustability for macro-economic assumptions, and inter-party transactions.
International communications with investors were initiated by participating in pitch-andmatch events in San Francisco and Glasgow. The project was also represented at an embassy
investor meeting in Amsterdam.
Communication between collaborating parties in the project is a significant challenge in
multiparty collaborations. RePro Food initially adopted ProjectPlace for web-based project
management, but this was eventually abandoned, and internal communications reverted to
mostly emails and two-person phone calls, between project meetings. A shared IT
environment would be beneficial with project management, document repository and
scheduling capabilities. Use of social media was also briefly explored with the creation of a
closed group at LinkedIn, but the effort came too late in the project to be evaluated. An
internal communications regime is important to establish early in Step 3.
English is preferred for communications both to ease internal communications and to more
easily attract foreign investment, although Swedish is used when warranted by the specific
audience. Often, PowerPoint slides in English were accompanied with spoken Swedish.
The utilisation plan is distinct from the communication plan and is presented in (or perhaps
as) the application for Step 3.

6. Development and change of the partner constellation

Figure 3: Organization of RePro Food and participating
organizations
The Management of the RePro Food project was initially
performed jointly by Findus and WA3RM. Later solely by
WA3RM on Findus’ authority. The project had three main
components, the greenhouse, the fish farm and the energy
systems, each led by a different participant.

The relationships between the
parties of the project was
substantially affected by the
announcement of the closure of
the Findus plant. This affected
the project in many ways: the
attention of Findus management
was diverted; the management
and leadership of the project
was in practice (and eventually
formally) transferred to
WA3RM and Veolia’s platform
as the operator of the plant
energy facilities became
insecure. Moreover, the focus of
the project itself shifted, as noted
above. Additionally, due to

13 (16)
VINNOVA – UDI – S2

Date: 2017-05-01
Dnr: 2015-04412

personnel changes, the representation from Söderåsens Biogas also changed. The new
representative, upon arrival, found that the practical opportunities for local biogas production
from the project seemed to have evaporated at the same time as the business suffered a heavy
blow from the loss of the Findus facility. Lastly, the major bankruptcy of Vegafish resulted in
the loss of its presumed fish farm operator. On this development, see also in Section 3 on the
lack of established actors on RAS operations.
Taken together, these changes have resulted in WA3RM becoming the torch-bearer for
development of recirculating food production systems, with an expanded relationship with
Findus concerning business development at the Bjuv site.
The continued project needs a partner to supply fish farming expertise. Additionally, a
potential partner to lead work on internationalisation and export opportunities would be
beneficial. The local Bjuv partners Bjuv kommun and Söderåsens Biogas are not able to
pursue opportunities elsewhere in a continuation. SLU has not identified any research
opportunities in the next project stage.

7. Logic of project effects
The logic chain from project results in each Project Step to desired long term effects is
described in a graphic in Attachment 1, first as the chain appeared before the start of Step 2,
and the second as it appears at its finalization. The “Effect Targets”, the effects of the entire 3step project 3-5 years after completion are unchanged, but upon closer analysis themselves
form a hierarchy, as top goal will lead to the fulfilment of the lower four, as illustrated in
Figures 4 and 5.
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Create competitive
greenhouse and landbased fish farming in
Sweden

Broader offering of climate
smart food to broad
customer groups

Broader offering of
climate smart food to
broad customer groups
Lower CO2 emissions
through recycling and
less international
transportation

Create competitive
greenhouse and
land-based fish
farming in Sweden

Creation of new jobs in
the food industry

Less import of
vegetables and fish
Figure 4: Effect Targets
(unordered)
The effects targets as presented at
the commencement of Step 2
(translated from Swedish)

Lower CO2 emissions
through recycling and less
international transportation

Creation of new jobs in the
food industry

Less import of vegetables
and fish

Figure 5: Effect Targets
The internal logic hierarchy of the effects targets

Moreover, the creating of competitive greenhouse and land-based fish farming in Sweden
necessitates attracting new actors to Sweden and substantial new investment. These are goals
in themselves in Vinnova’s cause and effects hierarchy and therefore of value to highlight as
effect targets, although foreign actors have been attracted to establish in Sweden already in
Step 2, and Step 3 will require the attraction of substantial investment.
The project goals in Step 2 were substantially revised during the project, in response to
outside events, illustrated in Figures 7. The focus of the project shifted from construction to
creating a basis to attract financing, both because construction at Bjuv was revealed to be not
viable and because financing proved to the primary obstacle to a rollout.
The goals and effects logic for Step 3 is completely altered by the results of Step 2, even
though the end effect targets remain the same. Moreover, with the knowledge gained in Step
2, it does not seem reasonable to suppose that the activities previously envisioned for Step 3
would be sufficient to reach the desired effects. A full account of new proposed goals for Step
3 can be found in the Step 3 project sketch.
Performance evaluation in Step 2 was achieved by requiring each party to report progress at
each project meeting, and by written progress reports. Red-yellow-green indicators were used
for tasks. No numerical indicators were used for monitoring.
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Broader offering of
climate smart food to
broad customer
groups

Attract new actors
and new investment
in regenerative
industry

Create competitive
greenhouse and
land-based fish
farming in Sweden

Figure 6: Effect Targets (expanded)
The internal logic hierarchy of the effects targets
including the attraction of investment as a goal in
itself

Lower CO2 emissions
through recycling and
less international
transportation

Creation of new jobs
in the food industry

Less import of
vegetables and fish

Create the conditionss for fullscale recirculating production

Create the conditions for
investment in full-scale
recirculating production

Develop new forms for rational
and recirculating food production
that gains national and
international dissemination

Develop new forms for rational
and recirculating food production
that attracts national and
international financing

Secure sufficient waste heat for 5
ha and expansion to 15 ha and
large-scale fish farming

Exhaustively explore local sources
for sufficient waste heat for 5 ha
and expansion to 15 ha and largescale fish farming

Create 60 new jobs in Bjuv

Establish methods to ensure
adequate residual heat supply and
acceptable risk

Figure 4: Results Targets Step 3
The effects targets as presented at the commencement of Step 2 (translated from Swedish) and
the new targets as the project evolved. Having exhausted all local sources for sufficient waste
heat, the project has focused on creating a template business case as a basis for future projects
nationwide, as well as locally, if a source of sufficient waste heat emerges.
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8. Lessons learned
The challenges to the project, whether driven by outside factors or internal shortcomings have
all been discussed in the preceding sections. To avoid repetition and to capture lessons in an
easily portable format, these are summarised in Table 4.
Table 4: Lessons learned
The summary of lessons learned illustrates how the project can benefit from earlier set-backs
Event
Findus plan closure

No actionable project
plan identified at
project handover
Language barriers
Project external
communication

Issues with quality of
heat supply

Lesson
Risk analysis of waste heat source in qualification studies including energy
management, market position, general management and strategy,
ownership
The project should not make itself dependent on a single site
Develop an adequate work breakdown structure before project start and
work with the structure continually in project planning tool. Assign specific
project planning resources. Demand monthly progress reporting from work
package leaders.
Use a language that all participants understand, if possible
Because the project (by definition) is temporary and participants tend to
communicate on platforms provided by their employers, due to expediency
and loyalty, efforts to create an external project communication platform
may be largely wasted. Instead, the project should focus on developing
graphics, concepts and data that can be used on a variety of platforms.
Potential heat supply should be evaluated for quality in an initial
qualification study

9. Attachments
Attachment 1: Project results and effects logic (in Swedish)
To avoid overburdening with attachments, project reports are available at
www.reprofood.com.
Report
SLU report on efficient hydroponic production
from organic waste streams
Vegafish report on innovation: recirculation of
water through fish production plant and
greenhouse
The RePro Food information memorandum
Project calculus
Innovation Report 2
Heat supply
Greenhouse technology

Link
Hydroponic production organic
Status report 2 Vegafish
Information Memorandum
Calculations
Innovation Report 2
Heat supply final report
Summary

