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ABSTRACT

The world is facingfood shortagas the worl@ population increas@ndarable land decreases.
Despite this, the food industry is wastefahd 30%- 40% of all produced food lost before
reaching the end consum&merging technologies aim to inese the amount of food that can
be grown per rhor allow the growing of food in climates or on lands previously impossible
Four main farming tehniqueaitilising these emerging technologies @entrolledEnvironment
Agriculture, Hydroponic Farming, UrbaRarming andVertical farming When used together,
these techniques form the basis for what can be calldrda Factory. Despitethe positive
effects these technologies have the production ratefew Plant Factories have managed to
achieve profitabily. By creating support fodevelopingthe postharvesting systerfor a plant
factory, this thesis aims to aid in the development of profitdhala pactories.

The thesis uses Design Research Methodologgheeve thisaim in threeparts The firstpart
identifies the underlying factorsof the postharvesting systemaffecting plant factory
profitability. The second presents a set of support compotiesitsvill aid thedeveloperdo
improve key factorsaffecting profitability. The third part is a case studhere the support
componentsapplicability at targeting the key factamse evaluatedand suggegins for further
improvements and testing of the support is suggested.

Further,usingDesign Research Methodology, the methasisd to develop suppontthis thesis
arepresented teasilybe replicatedby other researchets aid them irdevelopng supyort for
otherindustries and circumstances.

The suitabilityof the developed gportwas tested using th@inciples of an initial DSI. The
developed suppt proved very useful for the investigated case, and with its conditions, the
application evaluation was considered a partial sucdess. key factorswere successfully
improved and indicated th#ée intended support is ready for a comprehensivél.D& third
support componemteeds more work tprovide the intended support fullyherefore asecond
PSiteration isrecommendetefore a comprehensi&S-II is done to increase its value

Keywords Hydroponic farmingyvertical farming, controlled environme agriculture, urban
farming, plant factory, posharvestdesign research methodology
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1. INTRODUCTION

This section introduces the underlying reason for the existence of this thesis in the background.
After the background is established, the challenges of this area are stated in the problem
formul at i on. rpoBédamd desiren comtaittorts sire tham presented in the aim and
research question. Lastly, the scayfehethesis is stated.

1.1.Background

According tothe Food and Agriculture Organizatid2015) the world faces a food shortage
problem where around 800 million people do not have enough food tBaeat. shortages
further recogrsed as one of the United Nations 17 goals for sustainable develofinestcond
of these 17 goals is tensure nutritious fooébr all people and end hung@united Nations,
2015) The problem is twofoldon the one handxccordng to Ciculb (2021) 3071 40% of all
produced food is wasted or lost somewhere along the way from its start to thensader.
These problemput pressure ostreamlining production and logisti@Slorkowski et al., 2014)

On the other handthe farmable land of todais a limited resourceThe increased global
populationand urbanisation postallenges in at least two aspectagadfor more food to feed

a growing population and more land to house the people and seavekstiMok et al., 2020)
Fedordf (2015) further underlines this issue by stating that all good agricultural land already is
in use.

Several sources threaten thisowse Most pressingly is the rising global temperatwriich
causes a multitude of differeissues for farmlands. Acaaling to Fedorof{2015) roughly 40%

of the world landmass is artttyland and this lands home to about onthird of the worlds
population.The amounbf global dryland is expected tocreasewith rising global temprature

and increased desertificatia@n top of thats thedepletion of the worlds groundwater resss
(Fedoroff, 2015; United Nations, 2015) T h e asidarelsdrélyson groundwater extraction
for their subsistence, and in many of thesesgrgeoundwater replenishes at a slower pace than
extracted(Fedoroff, 2015)Rising temperaturealso cause rising sea levels and more extreme
weatherthreatening farmable land and forciimpd producers tdevelopmore esilient farming
techniquegMougou et al., 2011; United Nations, 2015)

There areseveral different techniquesmdtechnologies sed as a solution to increase efficiency
and resiliencen farming. Being often used together, the terms, however, are sometimes used
interchangeably. Those terms be®gntrolledEnvironmentAgriculture (CEA)and Hydroponic
(HF), Urban (UF), and Vertical Farming (VF) (Beacham et al., 2019; Larsson et al., 2016;
Martin & Molin, 2019) CEA andHF recycle the usedrigation waterandlower losses due to
evaporationreducing the water footprifBenke & Tomkins, 2017; Martin & Molin, 2019)
They alsancrease yield bY’EA optimising light, temperature, humidity, and G@eacham et
al., 2019; Benke & Tomkins, 201and HF optimising irrigation and nutrient§Benke &
Tomkins, 2017)ll year roundApart fromincreasingyield, CEA and HFalso protect against
pests extreme weatheand otheradverse naturahfluences(Benke & Tomkins, 2017)VF is
utilised to multiply theeffectiveagricultural aredy growing crop®n multiple levels or vertical
surfacesfor example on shelves or in muliloor building complexegBeacham et al., 2@1
Benke & Tomkins, 2017)UF means growing crops in direct proximity to populated areas
(Larsson et al., 2016By farming in urban areathelogistics requirements are reducedhich
reduces thdossesattainedduring these processéBenke & Tomkirs, 2017; Larsson et al.,
2016) It is also possible tautilise urbanresidualheatand other waste for synergetic effects
(Beacham et al., 2019; Martin & Mol 2019) Another term that is sometimes used for a
combination of most or all of these previously mentionechniques is Plant FactoPF)
(Kozai, Niu, et al., 2015)



Despite these new agricultural technol ogi es?od
only about 25% of PFs in Japan wenaking a profi{Kozai & Niu, 2015) Much effort has been

put into increasing the efficiency of the grarvest processés.g. Beacham et al., 2019; Benke

& Tomkins, 2017; Florkowski et al., 2014; Kozai & Niu, 2015; Martin & Molin, 2019; Rouphael

et al., 2018)ut the posharvest system (PHS) have received very little attentiom pfdduction
development process itabr the process of designing the production facilities, has also received

little attention(Kozai, 2015; Kzai, Shunsuke, et al., 201B) structured approach to production
development is essential to ensure efficiency and effecegefe any production process
(Bellgran & Safsten, 2005)A PF oftenrelies on local consumption making them extra
susceptible to trends and public opinigceusing rapid changes in demdhdrsson eal., 2016)

The complex nature of handling sensitive crigoirther increases the importance of flexibility

and a structwd design procegBader & Rahimifard, 2020Anothercontributing factor for the

l ow profitability has been -cswtgd easrn ¢k da alsa ak hee
in 0 s t(Kaaai & Ny 2015) The absence of a structured design process increases the risk

of missing contextual information such as market values causiigndesto jump at misaligned
solutions(Hubka & Eder, 1988)

1.2. Problem formul ation
While a large portion of operating and construction costsedaged to the prbarvest systems,
PHS:salso requires attentioihe PHSaf f ect t he facilityds tot al
especially in urban and suburban areas. The high price of real estate in these areas makes scaling
up production to commerdikevels challengindor PF:s(Benke &Tomkins, 2017)The complex
nature of living crops and the volatility of local markets pose further challcagedew PEs
have managd to achieve profitability. The absence of a structured development process
increases the risk of jumping at misakghsolutionsand this is especially relevant for PF:s due
to its complexity -and shatt agy ahb ksootbbatégna s k g
factor to its poor profitability. Despite this, little effort has been made to assist in dealing with
these challenges by improving the development process.

1.3. Aim and research questions
This study aims to contribute to the developmerd piofitable PF by supporting the design of
its PHS.Two objectivesare clarified ¢ reachthis goal. The first one is tanake it easier for
developers to make informed decisions when specifying the requirements of théy EldSing
thegap in the literatwe regarding the unique conditions put on the PHS by the farming techniques
involved in a PFThe second objective ohis studyis to create a structured way of working
when developing a PHfer a PE The following three research questsomere formulatedo
reach these objective§his project uses Design Research Methodology (DRM) to ensure the
support developed is ajgdble to other similar cases and that the method used to create the
support could be copied to create support for other industries.

Reseach question 1: How doeghe farming techniques a PF affect the requirements on its
PHS as compared toaditional farming?

Research questior2: How can production development methodologgy@iedto designPHS
for a PF?

Research questiorB: How suitdle is the applicationof the developed suppdidr designinga
PHSfor a PF?



1.4.Scope
This projectinvestigateshe effect modern farming technigueted toplant factoriehave on
the PHS The PHS from harvesting todelivery is investigated including sorting,
decontaminationpackingand palletising.Other processesoften crop-specific treatments to
extend shelf life have not been considereanual and automatedlternatives to the
investigated processes have been investigatquerimentakolutionshave been investigated in
the literaturebut onlycommercially availald solutionhave been consideréar the case itself.

Thestudied caseas to develop and evaluaeset of suppostfor the development of PHSOf
PF:s.The case companyas a sintg-manstartup thatwanted to develop a network gflant
factorieswith in-housePHS The network consists ofralatively large number of smallscale
facilities. Therefore, the supports developed during the projecewelectedto be used bya
personwithout previous experience with production developmamti designed to bgeneral
enough taapply to varying conditionf future facilities. No facility existed during the study
and as sch the facility developed during the case was baseé dmeorettal facility with the
basic conditions expectea future facilities.



2. RESEARCH METHOD

This project was performed as the master thesis for Production and Product Design at
Méalardalens Hogskola. The project started in March 2021 with the collaboratioepminic AB,

a startup fresh food producer located in Y&ids, Sweden. This chapter will present the research
approach and methods used during the project and the reasoning behind the choices.

2.1.Research approach
The project was intended to explore and createnderstanding of how the farming techniques
used in a PF affect its PHS and how this knowledge can be used with production development
methodologies to design a PHS for a PF. An explorative approach vessttalchieve these
goals, and a single casasdeemed sufficient. A single case might not be sufficient to establish
causal relationships but is useful for exploring ideas andestang hypothesefBlessing &
Chakrabarti, 2009)The project was based on existing literature and aimed to verify if the
theories ee applicable for a new field using observatioFor this, a deductive approach was
appropriatgSafsten & Gustavssg 2020)

As the aim was to develop and bse the effect of using a particular method, the empirical data
collection had an interventional approdske Blessing & Chakrabarti, 2009, p. 24R)e data

was collected using active participatiomhich means the researchers were taking patte
experiment and continually observing themselves and possibly other partiqiafgten &
Gustavsson, 2020Having the researchers as observing participants is useful when a designer
takes on the temporary role of researcher and can thereby gettameeand firstperson
perspective of the situatiqiBlessing & Chakrabarti, 2009This approach was chosen for the
projectas it gives a good balance of practice ambii suitable for a master thesis project.

This study is one of many in the pursuit of understanding and describing knowledge in the field
of PHS and PF. ASafsten & Gustavssq@020)express, one scientific survey is one of many
building blocks that make up the more significant scientific bank of knowledge. Thereby, a
single building block of many that together mailea greater area of understanding within any
specific field(Safsten & Gustavsson, 2020)

2.2.Design Research Methdology
DRM is used to support design reseanshich in turn is used to support product and process
developmen{Safsten & Gustavsson, 202@s the goal wasot provide support for the design
process for a c¢omp ansedBlesshd&SChakeambaid ROMOIschoseny p e 3
as the basis for the project method. A full DRM of type 3 is considered suitable for PhD projects
(Blessing & Chakrabarti, 200Qut as the PS was based heavily on existing methodologies, only
select parts of the DRM had be used, and the method was therefore deemed suitable for the
scope of this projectThe explorative nature of the project also meant some steps could be
performed to a lesser extent.

The four main steps ahe DRM, Research Clarification (RC), Destip Study | (DS 1),
Prescriptive Study (PS) and, Descriptive Study II (DS Il), asegiied to lead the researcher
through the process of developing support for a design pr(Blessing & Chakrabarti, 2009)

The steps are designed to clarify the purpose of the study in the RC, develop an understanding
of the poblem in the DS I, designing the supporting tool or tools during the PS, and then
evalating its usefulness in the DS(8afsten & Gustavsson, 202@epending on the state of

the art of the situatiminvestigated, each of DS I, PS and DS Il can either be based purely on
reviewing existing literature or through a comprehensive combination of review and empirical
studes. RC is generally always purely revibased Safsten & Gustavsson, 202Bowever, a



single research projectods not need to include all steps from start to fifBlessing &
Chakrabarti, 2009)

Specifying design
Phase C

Management and control Preparatory design Development of
conceptual
Phase A production systems
Prepare the
investment request Background study
Phase D

Evaluation of
conceptual
production systems

Plan for Requirements
mplementation specification

Phase B

Plan and prepare for

Prestudy
mlementation

Phase E
Detailed design of
selected production
system

Figure 1 Production developméerframework byBellgran & Séafsterf2005) where the last two stageseansed as a basis for
the support components of this project.

The state of the art of PHS for traditional farming was found to be extensive. Therefore, a review
based DS | was deemed sufficient to synthesise an understandiigiokey factors of the
devdopment process could be targeted to increase profitability. The PS consisted of creating
support and evaluating its ability to target these key factors. The support was based extensively
on thetwo latter stages of thproducton development framework pvosed by Bellgran &
Safsten(2005) displayed irFigurel. This framework was adapted for the unique conditions of
the PHS of a PEsing existing literatte and communication with the case company and suppliers

of production equipment. An initial DS Il was then dpmbere ecase study was usédindicate

t he s u pfoloessatd@esigning atheetical facility. Suggestions were also provided for
further research into a more detailed evabrabf the supports applicability for improving the

key factors and, in extension, the desired success factor profitability. Throughout this process,
the three research quests were answereds demonstrated iigure2.

RC DS | PSI DS I

Review-bhased Review-based Review-bhased Initial
Canan®

A\ A\ '
@Q+o0++ 0+ )++0
@O O

Figure 2 A representation of the four elements of the project and which research questions they are intended to answer. The
large circles represent the focus of the sectwmile the smaller circles are sections supporting in answetiegjuestions.



2.2.1. Research Grification
The first step of the DRM was R this step, the tasif the studyis clarifiedand should result
in a detailed purpose, goal, aindial plan for theproject(Blessing & Chakrabarti, 2009)

An initial i nterview wi t hstructiredliteratars review wasip any 0
conducted to desibe the situation. The description included what was to be achieved and what
criteria were to be used to measure success. These are fundamental first steps, according to
Séafsten & Gustavssq2020) Already at this stage, it is essential to consider all later stages to

be performed during the studBlessing & Chakrabarti, 2009)-or example, the measurable
success criteria of DS Il should already be considered, and as such, an inistldagdan was

devised to b suitable for these criteria.

A tool used was a relationship diagrafsee Safsten & Gtmsvsson, 2020Q)a graphical
representation of how different factors influence each other. Blessing & Chak¢aba)calls

these networkseferenceor impact modelslepending on if they represent the current situation

or the expected impact of the developed support. Figare 3 for the initial impact model
develoged in this project. This model helps visualise the caffeet relationship between the
intended support and the desired results to ensure reasonable and constructive research goals
(Blessing & Chakrabarti, 2009)

Profitability

Operating cost

Unnecessary
processes

Production
capacity per

[1] (Benke & Tomkins, 2017) m2
[2] (Muther & Wheeler, 1877

[3] (Ait-Oubahouetal., 2019)

Production
development
support for PF
PHS

Figure 3 Initial impactmodel showing key factoasd the desired prodtion development support

2.2.2. Descriptive Study |
DS I should deliver aomplete reference model with success criteria, measurable success criteria,
key factors that describe problems with the situation and show the study's relSéifsten &
Gustavsson, 20207 he reference model is then used as a basis for an impact model that includes
the inten@dsupport and its expected effe@@essing & ChakrabartR0M).

The DSI was conducted after a clear goal and focus for the project was established during the
RC. A structured literature review, described in sect®b8data collectiorand2.4data analysis

was peformed tobetter understand the current state of the situal&l aims to give details on

any primary factors and how these factors affect the overall situ@iessing & Chakrabarti,

2009) A full-scale DS | typically explores an exhaustive rangtaciors to get as complete a
picture of the investigated phomenon as possibBafsten & Gustavsson, 2020)e scope of

this study was kept narrow by limiting the revi¢wvliterature regarding PHS and PF, which
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confined the factors to those regarded critical specifically forfisih. As the PS was based on
existing methods with proven merit for otHezlds, this scope was deemed sufficient to show
relevance for the nefield.

During theliterature reviewthe factorsand links between them were continually added to the
reference model leading to tpemary success factoprofitability. When the reference model

was deemed sufficiently complete to give a full pictufehe situationpossiblemeasurable
success facts werechosen While the success factor, profitability, is the ultimate gaas a

factor that requirealong time to calculate. For one thing, production has to be up and running
andnormalised for sme time beforstable measurements can be taken another, it is affected

by other factors outsididae scope othis studyand requiregomparabldi b e f o r eeSthame as ur
can be hard tget. The success criteria are ofteard to measure because noahlg metrics

exist or it would be impossible toaher data within a reasonable tiftame (Blessing &
Chakrabati, 2009) When this is the casa set of measurable success criteria can be chosen
judge theesearch outcom&hese measurable success criteria should be chosen to serve as good
proxiesfor theadualsuccess criteria argthouldbe as close to it as possible dmel links between
themas strong as possib{Blessing & Chakrabarti, 2009)

Finally, a plan for how thentendedsupport waslesiredo affect the situation was deed. This
planis called an impact modahd includes theupportand the expectedesired effecten the
values of ther e f e r e n cfactom(Bledssing & Chakrabarti, 2009The creation of the
impact model often requires the introduction of new fadimmescribeauxiliary effects of the
supporf and at least a few links commonly have to be based on assumpgbBtessing &
Chakrabarti, 20095eeFigure4 for the ddiverables of the DS 1.

Deliverables for Descriptive Study |

Initial Impact Reference Updated
Model Model Impact Model
Success Measurable
Criteria Success Criteria

* Describe existing situation and highlight problems
Key Factors |- show relevance of research project

Impllcatlons of fmdmgs for * Clarify and illustrate main line of argumentation

development of _Su_pport or for * Point at factors that are most suitable to address
evaluation of existing support in order to improve the situation

Figure 4 Deliverables for the D$ Blessing & Chakrabarti (2009)

The DS | was initiated before and made the basis for the PS but was maintained and updated in
parallel to the PS. As new knowledge is likely tmwar as a project moves along, running these
stages in parallel allows this knowledge to be captured and tesatviely, which increases
efficiency (Blessing & Chakrabart009)

2.2.3. Prescriptive Study
During the PS phase, the actsaipport is developed for the investigated fi@Blessing &
Chakrabarti, 2009; Safsten & Gustavsson, 20PBdee citical factors were identified as targets
for the support during DS I; crop insight, marketing insight and efficient layout. As described by
Blessing & Chakrabarti (2009), the deliverables of the PS are divided into two categories,
intended and actual spprt. They describe the intended support as a theoretical description of
how the support is intended to affect the critical factors, how itesnded to be used and what
pre-requisites it has on the user. For this study, the intended support was btsettamework
proposed by Bellgran & Safsté005)studied dumg the literature review.



The actual support is described Bjessing & Chakrabart{2009) as a set of workbooks,
checklists or softwarthat can be seen as a prototype or demonstration of the intended support.
The actual support for this study was partly described in the literature already and partly
developed with the case company from thended support with supplementary data from a
systematic literature review and workshops. The part of the support targeting the efficiency of
the layout is well described in the literature Myther & Wheeler(1977) and its continue
relevance is corroborated Bgllgran & Safsen(2005) This support was deemesdfficient for

this project with minimal modifications to the instructidngmake it more intuitive for PHS:s.

A systemdc literature review was conducted to create the actual support targeting crop insight.
The idea was centred around the concept of a background study, as desciadigran &
Safsten(2005) adapted for the case of not having a previous production system as a basis. The
literature review was used to create a compressed guide describing how the farmimggiéschni

of a PF affects the PHS. This guide wa®¢oused to help make decisions of what processing
steps are required and make a rough description of the production system. The actual support
targeting marketing insight was based ongttaly techniques desbed byBellgran & Safsten

(2005) Workshops with the case company, aided by the information obtained from the literature
review, were usetb devise a gde for collecting relevant market information.

A way to calculate capacities and dimension the cells for the chosen processes and appreciated
demands was devised to capture the most value from the process and market information. This
work was done to carect the market and produtiated supports wittihe process development
support. Process planning is a natural bridge between product and production development
(Olhager, 2015andliterature regarding it was therefore included in the literature review to create
the @lculation support.

2.2.4. Descriptive Study Il
The secad descriptive study aims &valuatehe suggested supp@to mp o nusefulinesdin
improving the situation. This evaluation process focuses on attaining agfromfcept for the
support as the design ot entirely realised (Blessing & Chakrabart 2009; Safsten &
Gustavsson, 2020)The evaluation is divided into two segmempplication and Success
evaluation, eackargetingfragments othe intended supporpplication evaluation addresses
whether the support affects the key factors asnddd and expected. The success evaluation
assesses if the support can improve the calculatable success féoteeser, success evaliaat
is not applicable in an initial DS Il as the final resulumvailable(Blessing & Chakrabarti,
2009)

The supportomponentadapted and developed in the PS were apphédegaluated with the

case company. The applied test of the supgmmponentinvolved the researchers working with

the case company tese the backgrourn@nd prestudy information to design a layout using the
capacity and simplified systematic layouaiphingcomponentsAfter utilising thecomponents

the application evaluation was carried thutougha reflective questionnaire filledut by the

owner of the case company and the researchers. The usage of questionnaires as an evaluation
tool is recommended in Blessing & Chakrabat2009) alongside group discussions and
interviews. In this case raflectionquestionnaire was deemed a suitable way to gather evaluation
data.The questionnaires aimed to evaluate dpelicability of the questionssed in the pre

study, background study, and specifying design; and evaluate the relevance of the developed
componenfor calculating cycle time and Muther & Wheel¢t977)layout generatingpol.

For an initial DS Il such as thigroject, the evaluatiofocus should be Application evaluation as
the full scope othe success of a componemiy not be realise@Blessing & Chakrabarti, 2009)
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The application evaluation is, as stated previously, used to gather insight on the supports
effectiveness at affectingel factors. The support was ewvaled through questionnaires and
discussions with the owner at the case company. The questions were designed to collect data on
the intended supports relevance, simplicity, effectiveness, and comprehensiveness. As the
subjec¢ of the questionnaires differddom each other, they were hence analysed separately.
Furthermore, the DS Il should deliver suggested improvements for the intended and actual
support(Blessing & Chakrabarti, 2009)

A comprehensive D¥ is used to provide aompleteevaluation of the suggested suppord
its impact on the success factqBlessing & Chakrabarti, 2009pnly an initial DSII was
conduc¢ed as part of this studiput measurable success factors are descréetlideas for how
a comprehensive DB can be performedvaluate thens presented foluture research.

2.3.Data collection
Threemainmethods of dataaotlection were used literaturereview,interviews and
workshopsThe interviews and workshops were held during the case study, while the literature
review wasongoingthroughout the project.

2.3.1. Case study
A case study isappropriate when more -tlepth knowledge is sought aft¢bafsten &
Gustavsson, 2020Thephenomenownf focus inthis study is the PH production system of a PF.
A oneshotcase stdy involves only one case. A ogotcase study such as this aannotbe
used to test or find causal relationships. Therefore, the case studies main goal is to offer specific
informationabout requirements on one particular q@&essing & Chakrarti, 2009.

Interviews and workshops

Interviews offer an additnal view on subjects and can be more explanatory than literature
(Safsten & Gustavsson, 202BHowever, there ardrawbacks to this method of data gathering,

among them arehat the interviewers might affect the interviewee or other factors which result

in misleading resultéWilliamson, 2002) sampling from wrong respondents might give wrong

or misrepresenting answers (Safsten & Gustavsson, 2020 or, thecrbsear 6 s i nt er pr e
what is being said may be inaccurate or ske{@essing & Chakrabarti, 2009)

The interviews adopted semistructuredor unstructuredapproach The participants of the
interviews were the two researchers and the ownbieafase company. Three interviews in total
were conducted, eachdasing on different support tools. First, the-ptedy interview was
conducted. The purpose of this was to gather general and specific information about the company
and market. Before thisieeting, an interview form was sent to the participant contaihiag
guestions. The choice of a sestiuctured approach opened up leeway to further expand on
previously unknown details. This interview lasted about three hours.

The secondnterview was centred on presenting and discussing the requirements specification.
The purpose was for the interviewers to present data gathered in the background study and
combining it with prestudy data. For this purposesamistructured approach waslopted.
General subjects afystemoverview, functions antarget valuesjimensoning of workstations,

and other prerties were discussedefore the meeting, a rough draft of the requirements
specification was provided to the case comgathe interviewasted for 1 hour.

According toBlessing & Chakrabar{009) a workshop led by the researchacts as the most
effective means ofntroducing support tothe company. Thus, @awo-hour workshop was
conducted t@resenthe developed supparbmponentso the case company.
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2.3.2. Literature review
A literature review aims to collect information and inceeaaderstanding to clarify a problem
and ultimately justify developinthe supportcomponentsThe literature review conducted in a
reviewbased DS should provide the researchers with enough evidence to support the
assumptions. After that, the knowledggned through this review should be used to develop the
support used in the PS brder to increase the detail of a literature review, other relevant areas
of knowledge should also be reviewed. As a tool to present the currenbfstiadeart, the
literature review provides context and reason about a chosen focus area. The litevawe
thus provides a contemporary understanding of an area, which can be represented in reference
models. With the increased knowledge of a subject, the aims, problednassumptions are
clarified and can be revaluated and further defined. Howewbg research questions formed in
the RC were used as a solid start; however, they should be updated after gaining increased
understanding during D5 (Blessing & Chakrabarti, 2009)

The source of literature w&copus from where bdt books and papers were gathei®cbpus

was the chosedatabasbecausd has caitent from many different publishemadmanyrelevant
papers.Throughout the literature review, books sources were used as primary sources in the
preliminary stages. Starting with books provided a good overview and starting point for the
subsequently mordetailed literature searches. A structured literature seasshcanducted on

the subject of podtarvest processes in a mainly traditional settifige keywords chosen for

this preliminary searctverepostharvesor postharvest Theliterature study waandertaken to

gain a better insight into what is traditionadlgsential in the postarvest handling of fruits and
vegetablesAs aprimarysorting mechanisnpaperdocusing on irrelevant crops were removed.

As thenumberof papers published on this gett each yeais large, the initial search only
included artites from 2019 and later to ensure the relevance of subjéatsover, thdanguage

of the usegapers was limited to the English language.

Additionally, an urstructured literatureeview was conducted The primary database used in
finding relevant literaure was Scopudor the same reasons as the structured literature review
The purpose of the unstructured literature review was to gather roegtin information about
subjects of high intexst for the study. The review thus focused on gathering exéensi
information about how the PHS is affected by the farming techniques used in a PF. Hence, the
primary keywords used in this search wdrgdroponi¢ vertical controlled environment
agriculture, andurban farming

2.4.Data analysis
The data gathered for this study was qualitaiivenature A qualitative dataapproachrequires
the usage of qualitative data analysi®thods This data analysis could be summed up in four
iterativesteps familiarisewith the data, find codes, abstract tla¢ad and organise into theories
showed inFigure5 (Blessing & Chérabarti, 2009; Saten & Gustavsson, 2020; Williamson,
2002)

- 1. Familiarise with the data. Familiarisation with the data is done through thorough
reading, dataollection, reduction of data, and daliaplay This procedure was based on a
method described by Safsten &uskafsson(2020)cdled qualitative data analysis, which
uses data reduction, data display, aoctusion/verification simultaneously and cyclically
to analysejualitative data.

- 2. Finding codesln this step, segments from data are coded and can thereby be grouped
into categories.

- 3. Abstracting the data The coded data is further abstracted araliged into broader
themes.
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- 4. Organise into theories.Theoriesare broader concepts that are based on themes. These
theories are used to answer research questions.
- (5.) lterate. Continue finding theories to answer the research questions.

Gat RE & DF a mi I>
wi t h

Figure5 The four + one steps of qualitative data &rsisby Safsten & Gustafssd2020)

Williamson (2002) offers a ninestep process to analyse qualitative data. As other methods for
qualitativedata analysis, it is primarily based on intewseand transcribing interviews, of which

this study has few. However, subsequent steps are a relevant base for analysing qualitative data.
Sharing similarities with methods used $#fsten & Gustafssof2020) and Blessing and
Chakrabart(2009) Therein the usage of caglén categorising data, organising categories and
forming theories.

Blessing & Chakrabar{?009)has some olier ideas of data analysis compared to other

sources. The foremost description given of data analysis is to draw interfaces about the
observations. There is also an important point stated of avoiding spueiationships whilst
conducting the analysidnother important point brought up Bjessing & Chakrabari (2009)

is to explore all alternative explanations for a phenomenon. They are making an explicit point
that a result might be a set of explanatibmeeded and that the main reasamnotbe soléy

accepted if there are other plausible explanations. Therefore, the definitions given for a
contributing project can be described as the set of explanations that is smaller at the end than at
the beginningf a project.

2.5.Validity & reliability
Researchyuality has been ensured through continuous consideration of validity and reliability.
Validity is often separated into internal and external validity. External validity considers whether
the underlying contdons of the study are valid to gain generaliseglilts and conclusions which
are applicableutside the examined caé®afsten & Gustavsson, 202For creativestudies,
external validity may be challenging to consider; in such cases, transferability might be a more
appropriate concegBryman & Bell, 2015) Transferability is how well the reader can determine
if the results from the study can be used in another application. The rigid strudR&cims
to create transferability through metious documentation, constaqpiestioning of the methods,
and transparency of the | imitations of the p
determine how well the results are usable for otipgtications.

Internal validity considers whether the study method is suitable for gaining the desired result and
if the results are useable as a basis for the conclusions @&ifsien & Gustavsson, 2020)
Interview protocol and evaluation questions were operationalised to gain the desired internal
validity and ensure overlap between the studied concepts and qk&stions(Safsten &
Gustavsson, 2020)
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Reliability considers the possibilities of replicating the conductedegsarand gainig the same
result (Safsten & Gustavsson, 2020for qualitative studies under social circumstances,
reliability can be challenging to determine. However, through thorough descriptions and
documentation of the circumstances, the observations can be rep{iBatstgén & Gustavsson,
2020) Another possible point of view is the int@ter reliability, which considers the
consistency of the implementation and analysis of the g&éligten & Gustavsson, 2020)

Ensuring interrater reliability required the involvement of both researchers in all practical
activities. Interrated eliability alsoneeds each researcher to conduct the analysis and conclusion
individually before finalising them together. If two researchers draw the same conclusions
individually, the internal reliability can be considered g@®éfsten & Gustavsson, 2020)

Moreover, the DS | exists to strengthen the validity of the study. Multiple sources were used, and
where it wa possible, sages based on multiple surveys were used to strengthen the statistical
conclusion validityTher esear cher sd6 bi ases and tonectehse ds w
the internal validity of the sourseThis examination was conducted by ba#searchers
individually and then discussed together to strengthen the internal validity among the researchers.
When the relationships were reversed in the impact model, assumptions indicatilifatal

research could increase validity.

DS Il analyseshe performedvork and discusses conditions for the results to strengthen external
validity. Additionally, proposals foa more rigid survey can be conducted to strengthen external
validity through success evaluation.

3. THEORETICAL FRAMEWORK

Inthischapter t he thesisd theoretical frarempesvor k i
harvest processes, farming techniques of a PF, and systematic production system development
methods.

3.1.What is postharvest
Vegetables and fruit are living organisms that contimuve after harves(Brosnan & Sun,
2001) The biological activities of the crops cause rapid ageing and degradation of quality unless
properly treatedOpara & Mditshwa, 2013)The task of the RS is to deliver crops from the
plant to the consumer while preventing the natdedkrioration of value and, in some cases,
adding new value through processiivghia, 2019)

ThePHSis dividedinto several different stages for the vegetables and frugags throughl'he
requirements on the PHS will change according to factors such as growing r(éétnial,
GardeaBéjar, et al., 2019)ocation(Elansari, Fenton, et al., 2019egetable or plant tyddit -
Oubahou, Brecht, et al., 2019nd cultivafPrakash & Jesus, 2019)

All stages of the PH8perdions are in some way costly. From hary&kan & Dogan, 2019)
pre-cooling and cooling to peripheral systems suchceweyor beltElansari, Fentorgt al.,
2019)and other ways of transportati¢viahia, Fonseca, et al., 2019 reduction in the total
number of operations results in lower overall cdgtg-Oubahou, Becht, et al., 2019)To
streamline the processes irtAHS, general knowledge about the wishes of the market and the
biological requirements of the crops is essential. Having good knowledge about the market and
customer demands enables the designeentsure essential processes are perfor(ded
Oubahou, Brecht, et al., 2019; Kozai, Niu, et al., 2@hs)reduces the risk of ovdimensioning

or spending resources solving unimportant or-existent problemgKozai, Niu, et al., 2015)
Overengineering processes or jumping at solutional$se fproblems often drain resources when
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designing technical systen{slubka & Eder, 1988)Biological requirements can be vastly
different for different crops, and if this knowledge is missing, PHS are likely to miss essential
processes or have poorly performing offéisipman et al., 2021; Yahia, Fonseca, et al., 2019)
Missing or poorly performing processes cause loss of pro@rosnan & Sun, 2001)which
reduces profitability and sustainabili{iBrander et al., 202Q;enzi et al., 2021)Conversely,

having good knowledge decreases the likelihood of having unnecessary or overengineered
processegAit-Oubahou, Brecht, et al., 2019)his connection is especially true when dealing
with multtiple crops in the same facili8enke & Tankins, 2017)Knowing what is truly valued

by customers also prevents wasteful processes by focusing on what is essential sadvejue
(Ait-Oubahou, Brecht, et al., 2019)

This section will be divided into the five segnie thatgeneally make up the PHS.

- Harvest

- Cooling

- Sorting

- Decontamination
- Packaging

3.1.1. Harvest
By definition, thepostharvest process starts at the moment of ha(f#stkowski et al., 2014)
During harvest, the main challengethe risk of causing physical damage to the prodiddean
& Dogan, 2019)Physical damage of produce might result in quality issues such as softening
tissue, colour changes and pigment Iddsysical damage to fresh produce results from not
handling, processing, harvesting or packaging the produce using proper m@&ioshan &

Sun, 2001) Bruising damage changes fresh produce

release juices that cause discolouratmifiecting taste, visual appeal and quality. Automated
systems handling the crop must be appropriately designed to reduce the risk of causing such
damaggBader & Rahimifard, 2020)

Fresh produce is also at risk of microbial attacks, which, in some cases, causes deterioration of
the crop quality. Further, fruits and vegetables are at risk of attacks from larger living organisms
such as insects, birds, and rodents that inflicsighy damage and increase contamination risk
(Brosnan & Sun, 2001)

Manual harvesting is the predominant technique for most crops as mechanical harvesters risk
causing excessive damage to fruits and vegetébléan & Dogan, 2019)Manual harvesting

cause less physical stress on the crops but increases the risk of contamination by human
pathogens instea@Miceli & Settanni, 2019) Automated harvesting solutions differ widely for
different crops. Wheat, potatoes and other sturdy crops bagéeen mechanically harvested,

but delicate crops require gentle and precise handling, which is challenging to achieve
mechanicallyGosset, 2020)

The technique used for harvesting tomatoes, cucumbers, and bell peppers differs widely. Bell
pepper is best harvested with the stem left on theldycutting the peduncléArad et al., 2020)
Experimental soluticnwhere robots identify and grab the fruit exists, but the technology is
expensive and working speed has to be improved to be considered commgkcadlyet al.,

2020) Cucumbers and tomatoes are generally harvested without the stem and traditionally done
by pulling the fruit off the vine whilst holding the stalk in place. The primary problem with
automated cucumber harvest is the varied force @sték pull the fruit off the planfJakob &

Geyer, 2021)Similar chalenges exist for tomatoes, which is easily damg@mbset, 2020)
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Experimental solutions exist, such as the SCABR&Sed harvesting robot presented by Gosset
(2020) but they are not used commercially, again because of the cost compared to speed. To
minimise losses for tomatoes during the harvesting and subsequent processes, they a harveste
at a green stage when they are significantly less sensitive to mechanical deatzageet al.,

2020)

3.1.2. Cooling
Cooling is paramount throughout the PHS, and maintaining the cold chain is one of the most
critical factors for maximising thehslf life of produce(Lufu et al., 202Q) Proper cooling is
further used to maintain quality and nutrition in the harvested products and control food safety
(Giorges & Pierson, 20)8Because the harvestedops are living organisms, their natural
respiration and metabolism caudeem to lose water and age under normal conditions and
cooling the crops slows down these functiGienick, 1986)

Different cooling temperatures arequired for differenkinds of produce. Fresh produce may

be prone to chilling damage in too low temperatures resulting in deteriorating quality and loss
(Giorges & Pierson, 2018; Ze et al., 2023)rawberries and broccoli have vastly different ideal
temperatures than squash and tomatoes, where the former requireeemay temperatures

and the latter would require higher temperatures not to receive chilling déBragean & Sun,

2001) Ripening is a natural part of ageing for climacteric fruit, and customers often desire an
ideal state of ripening for consumpti@ranick, 1986)As cooling slows down fruit ripening, it

is important to keep in mind when they are to reach retail cussdmadjust cooling to match

the desired ripening stage by that ti(A& -Oubahou, Brecht, et al., 2019)

Cooling is used in two main ways between harvest and the consumenatirey and cold
storage, and different coonmethods are appropriate depending on the role and the
requirements of the crop in questigiElansari, Fenton, et al., 2019/hen crops are harvested,

they have been exposed to the natural conditions of their fields. Thesearmnaisually include

high ambient temperatures and radiated heat from the sun, resulting in high crop temperature
called field heat{Brosnan & Sun, 2001)f possible crops should be harvested during the early
morning or cold and cloudy days to minimise the detrimentalitions(Yahia, Fonseca, et al.,

2019) Field heat must be removed as quickly as possible as the rate of deterioration increases
logarithmically with tempraturg(Brosnan & Su, 2001) and as a rule of thumb, every hour that

the freshly harvested produce remains uncooled steosteelf life by one dafElansari, Fenton,

et al., 2019)Precooling is the rapid removal of field heat before furthercpssing or storage

and is one of the most critical and ceffiective operations for quality preservationfresh
produce(Brosnan & Sun, 2001)

The alternatives for preooling freshly harvested produce are comprehensive. Room, hydro,
forced air, package icing, vacuurand cryogenic cooling are commonly used techniques
(Elansari, Fenton, et al., 201%recooling is generally done in either a central cooling facility

or a packing housg@rosnan & Sun, 2001)A cooling room is an old and established practi
wherecold air is dispersed near the ceiling and then passed through the produce, stacked in
ventilated contaiers, before passing out through heat exchangers near thBitosnan & Sun,

2001) Room cooling is simple but can take up to a day, and for crops that requirecalod

or are harvested in hot conditions, it is often unsuitébl@nsari, Feton, et al., 2019)

The second role of cooling is cold storage, where the task is to keep the crops cool during
prolonged periods of storage befare after processing and during transportation and sales
(Elansari, Fenton, et aR019) Room cooling is an appropriate technique for cold storage as it

is easy to implement in warehouses, trucks, and retédessnan & Sun, 2001Yhe metaboli
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of fresh produce causes metabolic heat, which means that, during storage, heat must not only be
kept outof the system but removg@rosnan & Sun, 2001; Elansari, Fenton, et al., 2019)
Therefore, ventilation is vital, and forced air cooling mightnieeessary to get even cooling
throughout large volumgg&lansari, Fenton, et ak019)

3.1.3. Sorting
Sorting is the operation a&feparating crops into categories based on their characteristics. The
essential steps of grading and saytcrops are based on their size, volume, and wéiglatlala
et al., 2021)put could also be measured by colour and gudliiu et al., 20®). The type of
sorting varies depending oretlerop, harvesting conditions, and whether any furthergssing
is to be done, but sorting is usually done in multiple steps.

At an early stage of the PHS, gerting the freshly harvested fruit and visdees is conducted

to remove noticeably lovguality produce and debris from the pléait-Oubahou, Brecht, et al.,

2019) At this stage, products with any apparent faults, such as damage, bruising, blemishes,
irregular shapes or colours, et cetera, are rem@Kaitia, 2019) Some of the discarded products

can potentially still b used in, for example, processed foods if thieats are only superficial
(Ait-Oubahou, Brecht, et al., 2019jowards the end of the PHS, it is customary to have some
form of grading where crops are sorted into categdréssed on size, weight, colour, shape,
quality, et ceterdLiu et d., 2019) This sorting is done partly to single out any damaged crops
that got past the first sorting or that got damaged after it, but also to group the remaining crops
into product groups. These prodgecbups might then be packaged differently, soldifferent
customers and at different price ranges depending on perceived (iahBubahou, Brecht, et

al., 2019)

Thetraditional way oforting fruits and vegetablesi t o do it manually bas:¢
appearance based on t h @it-OybzhouaBrezht, et@l., 200Fh¢ ect i v
operatorso opinion odlsotdependam ondadtars seahlighging andn t h i

surroundinggAmeethaJoaina et al., 2020Workers need to be perfectly familiar with the
characteristics and standards the crop must (AgeOubahou, Brecht, et al., 201&utomated
solutions are becoming mocemmon and efficientyahia, 2019) Automated sorting machines

can classify products on their weight, dimensiphis-Oubahou, Brecht, et al., 2018 visual
properties(Sun et al.,, 2021)Sorting by weight and dimensions can be defficiently
mechanically, and here are numerous equipment manufacturers available, for example,
Zhengzhou First Industrgn.d.) Automated optical sorting, using visible or invisible light, is
also becoming more prevalef8un et al., 2021)with graders de to both remove defects by
detecting discolouration and shape anomalies while at the same time sorting by size, colour or
volume, such as ones by Newfaad.)and Tomran.d.) These solutions are more flexible than
mechanical sorters and can ofteandle a small family of simair crops after changeover
(Florkowski et al., 2014)Some optical graders are also able to detect qualities outside the range
of the human eye. Hyperspatimaging can detect damageamiatoes before aniruising

visual to the human eye appear, which can be up to 12 hours after (Bypaeit al., 2021)

3.1.1. Decontamination
Plants are susceptible tontamination both in prearvest and podtarvest stages. In the pre
harvest stages, plants and thebp are at risk of contamination from several different sources,
including improper fertilisers, lowquality irrigation wateHirneisen et al., 2012; Lenzi et al.,
2021; Oginniyi et al., 2021)animals, insect@irneisen et al., 2012; Lenzi et al., 202he soll
in the field, dust or air currenfslirneisenret al., 2012; Mamphogoro et al., 202@eces, manure,
biosolids, pesticides and pollutan{#lirneisen et al., 2012)During postharvest, the
contamination risk lies in harvesting equipment, human handling, and transportation means, as
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well as animals, insects and d(i&irneisen et al., 2012These contaminations cause significant
losses in the PH®Brander et al., 2020; Lenzi et al., 2021)pss of produce is espellya
detrimental to profitability if they occur in the final stages of the PHS as the product weald ha
gone through several costly operations by t¥ahia, Fonseca, et al., 2019)

Human pathogens such as Salmonella and Escherichia coli (E. Coli) andaSéungkListeria

are on the list of diseases that can contaminate multiple types of praeunze et al., 2021,
Miceli & Settanni, 2019)These pathogens cause rgnf spoilage on the contaminated plants
but are harmful to consumeditsenzi et al., 2021)E. Coli and Salmori@ outbreaks can be traced

to low-quality irrigation water. If a water source of good quality isw@ai | ab |l e, t he
disinfection is mandatory to reduce contamina©@gunniyiet al., 2021)

Dealing with these contaminanssa significant part of most PHE&enzi et al., 2021)Washing,
brushing and blowing are some of the simplest methods but are only effective against larger
contaminants such as solil particles or plant resigfiesOubahou, Brechit al., 2019) Heat
treatment is a common nietd for reducing microbial load but can reduce the sensory qualities

of some crops and damage oth@hsela & Ferreira, 2017)Jsing chemicals is another common

but controversial method and using chemical decontamination requires extra washing stations
afterwards to minimise health risk&it-Oubahou, Brecht, et al., 201@ther less invasive and
chemicalfree methods of microbial decontamination using such methods as radiation,
ultrasound, cold plasma, among others, is being investigated by the industry and are seeing
increasd usage commerciallfPinela & Ferreira, 2017)Because these methods are either
relatively ineffective against microbial contamination or are cqsthany producers focus on
techniques of preventing prand postharvest contamination in the first plafeenzi et al.,

2021)

3.1.2. Packaging
A study bythe American Instute of Packaging proposed that proper padkggisage may
reduce food waste by 116% in stores and a further-26% in household§Owoyemi et al.,
2021) Apart from ease of handling, foodstuff packages have three main functions; one is to
protect the foodstuff from physical damdgefu et al., 20B), another is to hinder contamination
with other objects, microorganisms or pathog@@para & Mditshwa, 2013; Paine & Paine,
1992) and the final one is to optimise storage atmosptiiall et al.,2012; Guo et al., 2019;
Owoyemi et al., 2021)All three of these functions serve to extend the time it takes for food to
spoil and thereby allow it to be sold and consumed over a longer flanfocket al., 2020)Apart
from shortening the shelife of the food tem, contamination by pathogens can also be harmful
to consumers, potentially causing sickness or even dPaihe & Paine, 1992)Secondary
packaging purposes also include the convenience of harfdiin@ubahou, Brecht, et al., 2019)
and attractiveness during sa(@para &Mditshwa, 2013)

Cucumberé short sheHife without packaging is due to moisture and weight loss, microbial
contamination, mechanical damage, yellowing, and peel disqideztal., 2021; Owoyemi et

al., 2021) The sheHife of tomatoes(Distefano et al., 2020and bell peppergOpara &
Mditshwa, 2013)are affected by the same drivers but to a lesser degree. Freshly harvested
vegetables and fruits produce reactive oxygen species and heat, both of which cause hastened
quality degradation among vegetab(€uo et al., 2019)Therefore, the atmosphere inside a
package plays a crucial role in keeping fruits and vegetables(frafnet al., 2020; Owoyemi

et al., 2021; Paine & Paine, 1992)
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It is imperative for packaging for foodstuff to be appropriately ventilated when packed.
Ventilation is required for cold air to remove fielor metabolieheat from packed crops during
pre-cooling or in refrigeratorg¢Opara & Mditshwa, 2013; Pair& Paine, 1992)

For the purpose of this study, packaging types will be divided into two varieties: sales packaging
and bulk packaging. Sales packaging includes packaging like plastic punnets, trays or bags that
the crops are sold in as a unit, whilekphckaging includes any box, basket or similar used for
transportation or bulk sales.

Paper and cardboard are made from wood and plant fibores and are biodegradable, highly
recyclable, have a relatively low cost and are therefore the most used packatgnglsr@r
horticultural productgAit-Oubahou, Hanani, et al., 2019; Opara & Mditshwa, 20R8per and
cardboard are usually used as boxes and trays for transportation and bulk sales bad
equipped with moulded layer separators to keep individual items from damaging ea¢Aibther
Oubahou, Brecht, et al., 2019; Paine & Paine, 19%2)es packaging is also typical in the form

of small boxes or trays, often in combination with plastic &gisOubahou, Hanani, et al.,

2019)

The other commonly used material is plastic which can be usdalifopackaging(Opara &
Mditshwa, 2013)as baskets or sales packages as prepacked punnets, bags ewshgbelal
trays(Opara & Mditshwa, 2013; Paine & Paine, 199%hen plastic baskets or crates are used

as bulk packaging instead cardboard boxes, the increased ventilation and reduced insulation
reduce loss when tomatoes are stored over neikeeks(Opara & Mditshwa, 2013)When
collapsible or stackad® plastic containers are reused by circulating back to producers from
retailers, one comparison to corrugated caaith showed the plastic container requires 39% less
energy and produce 29% less greenhouse gas emig8ibr@ubahou, Hanani, et al., 2019)
Theyhave also been shown to be as cheap or cheaper per kg of transported goods than cardboard
boxes or wooden crates whealculated over their expected lifetifiRapusas & Rolle, 2009)

When used for enclosed sales packaging, plastic has propertiesritidute to increased shelf

life and quality as it can be used to modify the atmosphere inside the padtksaga &
Mditshwa, 2013; Owoyemi et al., 202Different plastics have different permeability of water
and gases such as 02, CO2 and ethylene, and by designing bags with proper materials and
thickness, the atmosphere inside can be optimisedhtorcrop(Guo et al., 2019) These
properties allow cucumbers wrapped ingti@to be stored almost twice as long as unwrapped
(Owoyemi et al., 2021)As tomatoes(Distefano et al., 2020and bell peppers(Opara &
Mditshwa, 2013)are less affected by the atsphere than cucumbers, the positive effects of
modified atmosphere packaging are also smaller but still relevaakfended storage periods.
Many plastics are nerenewable and considered polluting but can be recycled, and renewable
and biodegradable gdtics are becoming more preval¢®para& Mditshwa, 2013) These
biodegradable materials are more expensive than regular plg3peaesa & Mditshwa, 2013)

and more research needs to be done for their propertieattoh traditional plastic®©woyemi

et al., 2021)

Plastic packages have a significant upside as sales packages as they can be made transparent anc
let the customer see thlguality of the produc{Opara & Mditshwa 2013) This feature is
considered especially important for vegetables and fruit as consumers are wary of signs of
damage and blemish@aine & Paine, 1992)

The packing process can be divided into crop and package handling, as the mechanical properties
of the sulpect being handled puts different demands on the pr¢Besker & Rahimifard, 2020)
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Crop handling involves the process of filling sales or bulk packages with crops. This fsocess

most commonly done manually, but automatic methods are increasing, mainly isdalge
operations, such as @x installations pouring crops into bulk packaf®is-Oubahou, Brecht,

et al., 2019) Several different higspeed container filling machines are also available on the
market for pouring smaller crops into sales packages & as t he BB(@d)Techn
CURO 1| i ne (2020)NCW tine, dudmdividual models are usually only capable of
handling a single or a few similar types of crops with changeoverbkesolutions for smaller

volumes and a wider variety of crops using industrial robots are also increasing rapidly, but
uptake remains lowecause of the complexity and requirement of skilled operéBader &
Rahimifard, 202Q)

An alternative to automatic crop handlitigat is also becoming more popular is fiplacking,
where crops are packed during or immediately after hagé@sOubahou, Brecht, et al., 2019)
Reducing the number of packing operations will significantly reduce ceate, and quality
loss but requires skillediorkers and good oversight to be performed propgit-Oubahou,
Brecht, et al., 2019)Packing out in the field or in closeby packing sheds makes the packing
operations more seitive to temperature and weather, howefAt-Oubahou, Brecht, et al.,
2019)

Package handling involves putting sajesckages into bulk packages and palletising bulk
packages. These operations are simpler than crop hgnali shape, sizand mechanical
propertiesare more consistent than that of the crops and, therefore, more commonly automated
and use much the same solutions as other indu@eler & Rahimifard, 20205ales packages

are typically handled efficiently with small and fast industrial robots such as cartesian, SCARA
or delta robots, while palletising is usually done with larger articulated industrial r(@amter

& Rahimifard, 2020)

3.2. Farming techniques of a Plant Factory
As previously mentionednany emerging technologiesan potentily be used to increase
farming efficiencyandthese technologies amdten grouped into farmingechniquessuchas
urban or vertical farmingAs theseechnologies are often used together or dependent upon each
other, one technique has often come to imply the use of other farming techihtpurés &
Molin, 2019) Therefore, these techniques have come i@ hmmany and varying definitions,
which can onfuse(Beacham et al., 2019)his chapter will briefly present four of these farming
techniques, CEA, HF, UF and VF, explain their unique features and then discuss how these
unique fatures affect the posiarvest requirements the crops. Finallyan explanation of how
these techniques can be used together to form a PF will be described.

3.2.1. Controlled Environment Agriculture (CEA)
CEA means growing crops inséructure where environmetaspects can be partially or fully
optimised for the growing conditions of the plariouphael et al., 2018The most common
form of CEA is usually considered to be the use of greenhdsesi, Niu, et al., 2015)
although some authors do not include these in the category of @EBeachan et al., 2019)
Greenhouses can optimise temperature and humidity to increase crop quality and extend the
growing seasofAndrianto et al., 2020Artificial lighting and temperature control can increase
the effects of greenhouses fgt by optimising light and temperature to individual crops and
their growth stage@Benke & Tomkins, 2017; Rouphael @&t, 2018)or enable the growing of
crops yearound inside buildings with no or minimal natural lighti(eacham et al., 2019;
Benke & Tomkins, 2017; Lassn et al., 2016)t is also possible to increase crop yield further
by enriching the atmosphere inside the construction with, for inst@@gBenke & Tomkins,
2017; Rouphael et al., 2018)
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A large portion of waste in agriculture is due to the cropsidpepoiled by microbial
contamination such as bacteria or fui§i Zhang et al., 2020)Other microbial and some
virological contaminants can also pose a Imealtkk for consumergL. Zhang et al., 2021; X.
Zhang et al., 202050me of these contaminants can be carried by animals or insects who transfer
them directly to the plants or contaminategiation water(Hirneisen et al., 2012; Miceli &
Settanni, 2019)They can also potentiglbe carried through the air on dust particles or as spores
(Miceli & Settanni, 2019) Growing plantsndoors, where animals and insects have no access,
and the air is filtered, can reduce or even eliminate these patfweagson et al., 2016 hese
conditions also protect crops against damage caused directly by pests avel ttegnoeed for
chemical pest and weed cont(barsson et al., 2016)

3.2.2. Hydroponic Faming (HF)
HF is usually described amilless farming/Andrianto et al., 2020; Benke & Tomkin017;
Larsson et al., 2016While it is possible to use HF with soil, the soil is not a prerequisite as HF
is characterised by having adlutrients supplied to the plats dissolved in the irrigation water
(Larsson et al., 20)6Because of this, there is no need for the living culture in the soil, allowing
plants to be grown in an inematerial such as rock wool or perlitdndrianto et al., 2020;
Beacham et al., 2019; Benke & Tomkins, 2017; Lenzi et al., 202&ntirely without growing
media where the roots are bathed directly into the nutrient solution and the plants suspended in
from a cultivation panel abovgBenke & Tomkins, 2017)The nutrient solution is usually
mineratbasedLarsson et al., 2016put by coupling HRvith aquaculture, such as fish farming,
the waste from the fish farm can supply the hydroponic system with mistfiBeacham et al.,
2019; Larsson et al., 2016; Wirza & Nazir, 202This combination is called aquaponics.
Hydroponics is usually only used with some form of CEA, and the most common combination
is largescale hydroponic greenhoug@&gacham et al., 2019)

As mentionedn the previous section, microbial and viral contamination are responsible for crop
waste and health risk&Rouphael et al., 2018)Contaminated irrigation water, where the
contaminants are either already preserthe irrigation water or are introduced when the water
runs through contaminated soil, is a source of thestagonantgHirneisen et al., 2012; Miceli

& Settanni, 2019)Since hydroponic farming can be done in inert or compietgghout growing
media, the risk of introducing contaminants from the soil can be elimif&dphogoro et al.,
2020; Miceli & Settanni, 2019}t is, however, important to thoroughlvash and sterilise any
reused material, such as cultivation panels, to prevent an eventual buildup of lmachéyeae
(Kozai, Niu, et al., 2015)By circulating the irrigation water throbgmonitoring and
decontamination equipment, it is also possible to prevent any buildup t{i&eeke & Tomkins,
2017; Miceli & Settanni, 2019)

3.2.3.  UrbanFarming (UF)
UF is more of a set of conditions than a farming technique in.itgélfrefers to any type of
farming in, or close to, and in some form of symbiosis with urban and suburbalBeerks &
Tomkins, 2017; Arsson et al., 2016)n essence, it is possible to perform UF in very much the
same way as traditional farmir{fBeacham et al., 2019%ut one effect the urban environment
has on the farns the land cost, thereby increasing the payback period ofugtanhd possibly
subsequent production scalps, which impedes UF profitabiliiBenke & Tomkins, 2017)

Large connected plots are also scarce, meaning plots are generally smaller and mechanisation is
lower (Larsson et al., 2016)he needed footprint of a facility is further affected by the-post
harvest process¢Benke & Tomkins, 2017)The land used is &b located on the outskirts of

urban aregr plots of land reclaimed from abandahor derelict industries or housi(igenke

& Tomkins, 2017; Larsson et al., 201@he high cost of real estate and scarcity of |giges
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of land means it is crucial to maximise the possible output of every square metre of land to
prevent crippling payback perio@enke & Tomkins, 2017)For this reason, CEA and HF are
common techniques usedy&ther with UFBenke & Tomkins, 2017; lslrtin & Molin, 2019)
Maximising the production capacity per square metre isvett®re VF comes in. A large portion

of urban farming relies on VF techniquesich as growing on rooftops or inside mithor
buildings(Beacham et al., 2019; Benke & Tomkins, 20Mf techniques will be presented in
more detail in th@ext section.

One way the urban environment affects farming is the proximitydplpend other services

which they rely Because of the proximity to people, the pathway to the consumer is usually
shorter(Beacham et al., 2019; Larsson et al., 20I8)e wideravailability and variety of
employablepeople in urban areas also affects UF. This availabilityrinre ases t he
possibilities of finding lowwage employees, educated specislstd a wider pool of temporary
employeegLarsson et al., 2016}t also enables thdF to work with social outreach programs

to offer pleasant employment opportunities to keign unemployed work-trails or
rehabilitation program@_arsson et al., 2016)

3.2.4. Vertical Farming (VF)
VF is the collective name for any technique used to grow cropg tam ground levelKozali,
Niu, et al., 2015; Larsson et al., 2018here are a few different techniqueatthre frequently
grouped into the term VF; growing stacked horizontal surfé@eacham et al2019; Benke &
Tomkins, 2017; Kozai, Niu, et al., 2015; Larsson et al., 2016; Martin & Molin, 2@t&Vving
on vertical surfaces and growing on top(Beacham et al., 2019dr even undr (Benke &
Tomkins, 2017) other structure This technique is generally only employed commercially in
urban areas where tlheggh land cost justifies the added cost of building verticgdlgacham et
al., 2019; Benke & Tomkins, 2017; Kozai, Niu, et al., 2045) therefore shares many of its
characteriscs.

Growing on stacked levels can either be done with shelves or on sepavegeofla building.
Both techniques are generally used together with HF and some form o{E&agham et al.,
2019; Benke & Tomkins, 2017; Martin & Molin, 201Bhelves can be placed in greenhouses
and designed so that all levels neesadequate natural lightniifBeacham et al., 2018y where
suppemental artificial lighting is given to the lower levgBang, 2015) When growing on
multiple floors, completely artificialighting is typical, but some natural light is gsible with
glass walls(Martin & Molin, 2019) VF on multiple floors of a skyrise gives the theoretical
possibility of producing a large volume of crops using a minimal foot(Bedcham et al., 2019;
Benke & Tomkins, 2017)Since the floors are separateds idlso possible to adapt each floor to
differentconditions, allowing a wide variety of crofBeachan et al., 2019; Benke & Tomkins,
2017; Kozai & Niu,2015) It is possible to use stacked surfaces without CEA by growing on
balconies of existing buildings, but this technique is not very suitable for commercial food
production(Beacham et al., 2019)

Growing on verticaburfaces is similar to growing on multiple levedsit crops are grown on
vertical growing modules, like cylinders or walBeacham et al., 2019Jhe technique is used
together with HF and CEA in similar ways to stacked surfaces and can be used without CEA in
the form offagade farmingBeacham et al., 2019)

Growing on or under existinstructures is either in the form of rooftop farm{Bgadam et al.,
2019; Larsson et al., 2016j)arming in basements or other underground structures, such as
disused mine shafts or runnglBeacham et al., 2019; Benke & Tomkins, 201These
techniques are often used together with other VF techn{geasham et al., 2019Browing on
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rooftops share most characteristics with and is useitbsly to the other forms of UiBeacham
et al., 2019Yliscussedn the previous section. Growing underground also shares characteristics
with UF, but the use of HF and CEA is implicit.

3.2.5. The Plant Factory
The exact definition of a plant factomaries butalways containslements from these four
farming techniqueg¢Kozai & Niu, 2015) The ideaof a plant factory is to separate thpdants
from the outside world's influenceo thatgrowing conditions can be controllemilarly to
production conditions in angther type of factoryKozai & Niu, 2015) While any form of HF
can be sed, altivation panels whereoots are dipped directly ithe nutrient solutionis the
method withthe highest control(Benke & Tomkins, 2017)Any form of VF is similarly
applicableand the urban settirig generally considered a prerequisiténttreased construction
costs of building vertical compared to horizontallyCEA can be done imarious waysbut to
meet the condition of being independentohditions of theoutsideworld, any dependence on
natural lightingmustberemovedBeacham et al., 201.9)hile natural lighting can be used in a
PF, the faciliy mug be equipped with enough artificial light to compensatséasonal changes
or other naturafluctuations Figure6 shows a venn diagram of the four farming technigaed,
examples of other combined uses.

Together, these farmirtgchniques generally mean a higher production(@mtke & Tomkins,

2017) which means more money is locked into the patsl the further down growing and
processing they are. Because of this added value, ensuring as much of the crops produced are
sold becomes critical. Over 90% of the crops gr@and processed iaplant factoy has to be

sold to make a profit, according tostudy presented by Kozai et €015) For this to be
achievable, thewosayrtahatgyai ®manmok et apggy.opri a
Apart from dimensioning based on the market, it also includes properspiugeaccording to
customer valu¢Kozai & Niu, 2015) Far example, sorting out highuality crops from lower to

sell each to their individual value and ensuring a few damaged crops in a package does not
prewvent the entire package from being sold.

Vertical Farming : Mutiplelayers

Shelves or floors

- Fagade farming
- Rooftop farming

- Rooftop
greenhouses

- Vacant lot
reclamation
- Urban
- Plant et

Factory gardens

+ Populated areas
* Low-acre & spread out

- Large scale
hydroponic - Urban
greenhouses greenhouses

Hydroponic
Farming

¢ Soilless
* Nutrient solution - Large scale greenhouse farming

* Modified atmosphere
*+ Indoor (greenhouse or building)

Figure 6 The four farming techniques that make up a plant factory, their unique charactemstiEsxamples of other combined
useslarger zones represent more frequently used technapugsombinations.
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3.3. Systematic production system development
While the previous sections focused on the products and the underlying production prerequisites,
this section directs attention to PHS development processes. A systematic approach to
developing aproduction system is highly recommended in Bellgran & S&f62005) Two
methods of systematic PSD are the main points of this section, each tacklinegntiégpects.
The methods presented in this section araradémork for developing a production system design
and simplified systematic layout plannifBellgran & Safsten, 2005An essentialispect of the
importanceof a structured design process is presented in Hubka &(E€888) The absence of
a structured design process increases the risk of missing contextual information such as market
values causing gegners to jump at misaligned solutiomsich will drain resources and increase
the payback periofHubka & Eder, 1988)

3.3.1. Framework for the development of a production system design
The following section jsif nothing other is explicitly stated, based on the book
Produktionsitveckling(Bellgran & Safsten, 20057 he book covers the framework for systematic
production system developmentetail and is thus deemed sufficient on its own as a sdéairce
this section.

In this section, the relationship between @ mp apengabreel, economic, and time resources
should be sorted out, which are common project management questions. Howe\asp éots
are highlighted as extra influential for productigstem development, resources for production
development and production processes, time, prgjecip cohesion, and creative and analytical
abilities(SeeTable 1).

Table 1 Influential aspects for production sgst development and theespectivecriti cal points

Influential aspects Critical points

Resources for productiol { Rationing resources between long tetevelopment versu

development and short term gains.

productionprocesses

1 Staff management and competenci@#ether staff can
transfer to other functions such as sales, et cetera

1 Education level, experiencand competenceegardingthe
development work.

1  Whether to prioritisesolvingcritical problemsor allocating
resources for developing long term solutions

1 Whether or not to separate thepeople working orn
production system development and those who wor
production proesses.

Time perspectives 1 Aspects that affect time to develop ast®m include
complexity, size and scope, automation level, constru
experience and competence, personnel competencies
decisioarmaking routines.

1 The perspective is dependant on the system type (man
automatic) and the development time shifts.
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Project group 1 The project group should consist of people with differ
composition competencies to complement and cover as broad an a
disciplines required for a given project.

1 Whether to usenternal, external, or a mixed composition
personneln the project group.

Creative and analytical 1 Analytical thinking is requiredo developa requirements
abilities specification where data is synthesteto determing
relevant factors for a situation.

1 Creative abilities are helpful in the formulation ofasnand
innovative ideas. The creative aspect is at risk of b
hindered by a systematic approach. A method with a de
structure can assist in in@mrating creativity in the
development. However, a challenge lies in balancing
creative and structad development work.

A structured way of working is an attempt to streamline the production system development
process. Bellgran and Safsté2005) sugges an eleverphase process to structure questions,
clarifications, and specifications for the development. This study is limited to phases A to E,
whichincludes the preparatory and specifying designs.

The peparatory design aims to deliver a requiremespeification created by combining the
knowledge gained from phases A and B.

Phase A: Background studyolves a thorough and systematic look intovppas experiences

with production system developments. Where problems, errors, and solutions aréhteghlig

The main reason for a thorough background study is to find root causes of problems, not to risk
only fixing the symptoms but rather the actuallppeons themselves. An evaluation of existing
production systems should be performed, both within andowitithe organisation. If no
comparable production facility exists within the organisation, studying and benchmarking
external organisations becomes axétssential. The finished background study should give a
complete understanding of the current statinefart of the relevant production system and will
work as a frame of reference for decisions made later in the project.

Phase B: Prestudy contrasts te background study by looking forward to the aims and
expectations for the production system. During shely, topics such as market, technology,
stakeholders and uncertainties are considered. It is crucial to know who the target audience is
and understahwhat they value. Similarly crucial is knowing how the produced products are
thought to distinguish tmaselves from their competitors. The desired level of automation and
technological solutions also has to be assessed. Uncertainty in demand is typicaisarie
considered as it can lead to an increased need for flexibility in the production system, which
might affect decisions regarding automation. When possible, thstymtg should involve a
multidisciplinary team spanning the relevant departmenthaforganisation, and the results
should reflect the strategic values of the business. The exacttimpmctude in the prstudy

The background and pitudy are used to formraquirements specificatidior the production
system. For this process, the background study will serve as the space of possible solutions, and
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the prestudy will serve as a guider choosing the best possible solutions to achieve the strategic
and tactical goals of the busine$te contents of the requirement specification differ between
companies and projects but generally combines technical, commercial, ergonomic, and
psychosaoial specifications. The specification combines the data gathered from the two studies
and the decisimade thereof into one document. The specification will then act as a control
document for future decisions aadaluatingthe production systems solotis.\WWhen choosing

the technical systems that will make up the production line, a critical aspgrmining the
systemsdé6 capacities to dimension them. How
section3.3.2capacity calculations

Specifyingdesign involves developing and evaluating conceptual production systems and a
detailed design of a selected production system. Overall, these steps are dictated by the
requirements specifications in the conceptual choices of differergystiéns in a praluction

system. The aspects of the specifying design include layout, technical level, material handling,
process selection, et cetera.

Phase C: Development of conceptual production systewodves around the general choices of
aspects such as:

Flow of mderial, information, and products.

Processes selection and choice of fixéahctionat, flow-, or linebased layout.
Automation and technical level.

Organisational and environmental aspects.

A OWNPEF

Phase D: Evaluation of conceptual production sysevhile formally another phase from the
previous, evaluation is conducted simultaneously and iteratively with development. The
evaluation can be performed based on the requirements specification. This common approach is
also called a goddased evaluatig which entails assessing how the system reached the goals set

in the requirements specification. The counterpart to this is to base the evaluation on the results.

Phase E: Detailed design of selected production sygdmsed on the same concepts as th
previousphases in the specified design. This phase goes deeper into the specific details of the
chosen system. Descriptions of regulatiand control systems, hardware, and other concepts
generated during phases C and D are described in detail. Witiroltely is presented in a
detailed layout of the production system.

The completed specifying design results irsystem solutianAs the single most crucial
engineering design documeiihe system solution esist of variousdocuments with technical
andorganisabnal solutions and detailed layouts, among other regulatory documents originating
from the results of previous phasé&he details of these documents are the grounds for
implementation. Howeverhé system solutions contearid detail levemaydiffer depending on
whether the system implementation is conducted internally or externally.

3.3.2. Capacity calculations
When considering alternative solutions for a production stage, vitak to consider their
capacitiegBellgran & Safsten, 2005Y he production capacity can be represented by the number
of processing hours available over a fixed time period, for example, péDteager, 2015)For
example, if an operator or machine is available for work 8 hours per day and two operators or
machines are avaliée, that gives a capacity of 16 hours per @@ager, 2015)
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To find out if a solution has an adequate capacity or to dimension it to reach aatadapacity,

the processing times of the produced products are required. The processing time is the time it
takes forone operator or machine to produce one product(@iitager, 2015)Approximate
processing times are often given in the specification of productigpregnt or can be estimated

by machine manufacturers, but for manual work, or if accurate time is unavailable -stweayrk

can be performedBellgran & Safsten, 2005)0One form of workstudy is the time study
conducted by measuringgtiime it takes for an operator or machine to perform an operation
repeatedly to get the average processing {(i@leager, 2015)For accurate estimats, the
effect of the workersd experience on proces
investigated, anthe standard deviation of the times has to be estimated so that the number of
measurements can be adjusted accordif@lyager, 2015)

With the proessing times for each product calculated, a rough capacity plan can be made by first
calculating the total processingie. The total processing time can be calculated by multiplying
the individual processing times with their estimated demands over t&igated time period.

This total processing time has to be lower or equal to the capacity for the solution tollle,feasi
and the percentage of the capacity being used/éguablemetric when comparing alternative
solutions. This capacity plan is rought serves as an indicator of the viability of the solutions.
(Olhager, 2015)

Comparingthe capacities of all the processes in trapction system is aldeelgful to prevent
balancing issues during production scheduling later on. Expensive or critical resourcgé$shoul
dimensioned to have high utilisatiomhile their resources should be dimensioned to ensure the
critical resourcanever has to wait for thefBellgran & Safsten, 2005}t is also recommended

to have the critical resources as ganlthe production line as possible. Positioning it egripe
production linereduces its dependence on other resources and creategheough the system,
reducingthe need for buffer@Olhager, 2015)

3.3.3. Simplified systematic layout planning.
Simplified systematid¢ayout planning is a method and tool developed by Muther and Wheeler
(1977. This method is a sigtep process tgenerate a layout. This method can be used as a tool
in specifying design, starting with listing the general concepdsfanctions and resulting in a
detailed layout. Muther and Wheel@©77) devised this method as a general, gasilderstood
and straightforward aid for designing production facilities. It is supposed to be detailed enough
to helpprofessional layout planners while beiogmprehensibléor those with other principal
responsibilitied the second grouis, for instancefor smaller businesses without the resources
to have dedicated layout planners. Muther and Wh¢g8t7) write that it is common to miss
auxiliary systems and contextual information when designing a productionyfakdfectdike
material storage and transport, services such as water and pneumatics, staff spaces, et cetera are
easily forgotten and need to be corrected later in the process. By having a structured design
process, Muther and Wheeld977) shows that these factors will be taken into account earlier,
reducing rework and optimising processes to ensure more efficient use of space.

Starting withstep onetheconnection schemd@he physical suisystems and functions are listed
and graed based oeach functions requirement for proximity to each other functions on the list.
The six grades of proximity range froabsolute necessity to not desirable. The reason for the
given proximity grade is stated for each connection.

Step twothe functionalityrequirementdist. In which the different needs on both the functions
and the facility are defined. The requirements include factors such as floor area, roof height,
pillar divisions, and media connections.
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Step threethe connectiondiagram combines theesultsfrom the first two steps to create a
sketch of the functional connections. The drawing aims to present the proximity between the
functions visually. A node represents each function, lines drawn between the nodes represent
their proximity grade, mordines between the nodes equals an increased desire for closeness.

Step four the alternative layous, progresses the sketch to include scalable and geographical
representation. The results from step two now impose a more prominent presence, as functional
requirements affect placements of functions in the alternative layouts devefopedple of
differentalternative plans should be designed to be compared and valued in the next step.

Step fivethe evaluation chartjs usedto evaluate the alternative pkto determine whichever

is subjectively superior. Factors for a production systems success araigieteand given a
value from 1 to 10. Each alternative plan is then given a value for how well it manages each
factor. A summary of all alternative plapsints results in the best concept used in the final step.
Step sixthedetailed layoutspecifies tle details of the best concept generated from the previous
step. This final layout is used as grounds for implementa@silgran & Safsten, 2005; Muther

& Wheeler, 1977)
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4. RESULTS & ANALYSIS

In this chapter, stageBS |, PS, and DS Il from DRM are conducted. DS | develops the final
reference model from the initiagference model to lastly present an impact model. PS then
developssupport components foine key factors presented in the impact model. In DS I, the
tods are applied to the case company, concluding with evaluatinguihy@ort componentend
suggestions for future research

4.1.DS |
This section contains thenalysisof the literaturereviewfor the DS I. It will first contain the
process and reasoning belithe development of the initial reference maod the final one.
After that, the assumptions and justifications made to convert the reference model into the impact
model will be preseertl Finally, themeasurable success factthsit werechosen to pneare for
a comprehensive DI are presentd.

4.1.1. Updated reference model
The support firsenvisionedn the RC stage was to targetnecessary processést-Oubahou,
Brecht, et al(2019)emphasises how every operation performed iRH8 Pcreases its operating

Profitability

cost. They say that reducitige number
packing and repacking or excessive ‘
treatments is essentialto limit these :
-
. Unnecessary or
processes and operating cost was
therefore lept in the improved reference™_rroce=
be kept and accepted as an implioperating cost, and profibility
assumption.These links are shown ir

of unnecessary processes, such as

costs The link betweenunnecessary

model. The link tgorofitability will alSO Figure 7 Links between unnessary or overengineered process
Figure?.

When designig technical systems, it is a common probkenave unnecessarily high stagp

costs and subsequing longpaybackperiod by jumping at solutions and overengineering the
systemgHubka & Eder, 1988)This could meanadving imaginary problems or coming up with
misaligned solutions. The resu#tither way,is the inclusion of unnecessary processes in the
production systemMany of theseexcessive processes require large workspaces, expensive
equipment or both. For instee, for a PHS, packing crops into containers can be done manually
on long packing tables with conveyor belts and multiple operators or using automated packing
machinegdBBC Technologiesn.d.) Depending on circumstances, these operations could have
already been done during harvest with minimal extra @$tOubahou, Breat, et al., 2019)

The problem presented Byubka & Eder(1988)that increasing unnecessary processes will
increase the pdack period is also a risk for PHS. Furthermore, apart from purchasing and
installation costs, these processes will also naturally take up unnecessary space in the production
facility, and it can be assumed they will decrease the overall production ggpacit? of the
system.Therefore, dink betweenunnecessarprocessesindpayback periodvas added based

on Hubka & Eder(1988) and another link betweennnecessary processesd production
capacity per rbased o the last assumptiaas shown irFigure8.

Processes reliant on a large workforce, such as harvesting, relate to high saldirkasté&
Dogan, 2019)while energyintense processes such as cooling are responsible for a large portion
of electricity cos(Elansari, Fenton, et al., 201%hile these operations are ne@gsind could
not be entirely removed, it is clear that their efficiency affects the production system in very
much the same way as haviagentirely unnecessary process. Coolingnsacellentexample
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of an operation that has improvement potential. Brog Sun (2001)showthe importance of
coding andthat it has to be done very differently depending on circumstances. For crops being
sold locally within a few daykeeping low ambient temperatures in the PHS might be sufficient
rather than have forcealr cooling as a separate procés#ile good moling increases shelife
(Lufu et al., 2020) for crops being sold locally
within a few daysthis increased shelife might +
be unnecessary or even unwanted if it preve /
ripening in time.Similarly, deliverirg crops in
Production
capacitzy per

Unnecessary or
over-engineered
processes

individually packed plastic punnets migidt add
to some customers' perceived valud il add
additional operations to the packing lin€o
include thesein the reference model, the factigure 8 Links between unnecessary or ceegineere
unnecessary  processeswas Changed tgProcessesand payback period and production capa
unnecessary ormverengineered processd€see per nt

Figure8).

I n the paragraphs above, the expression fAderg
times. It was clear that to decrease the amount of unnecessary or overengineersesptbess
circumstances had to be understood. For the case with cooling mentionedfab@ugyahou,

Brecht, et al(2019)writes about matching the ripening stage desired by the customer by the
time the fruit reaches them. Thmsatchingrequires good knowledge of the market as it is
necessary to kow who the customers are, when they are likely to order and what they value.
Lacking a structured design process is a major reasdadking contextual information about

the market according toHubka & Eder (1988) and one of the reasons designers jump at
misaligned solutions. Fohé supporto tackleunnecessary or overengineered process@ms

apparent thatinderlying factorsxeeded to be addressed. fidfere, the new factor marketing

insight wasadded to the reference model and linkedrtoecessary or overengineered processes
(seeFigure9).

Unnecessary or
over-engineered
processes

Kozai et al. (2015) presented more examples of hibal marketing
insight is for a PFThey showed that for the PF:s to make a profit, over
90% of produced produamustbe sold, and good mieting insight
was critical for adiieving this. They suggest edi ntoh
strategy had beagssential irpreventing ovedimensioning expensive
processes only to produce waste. A second link was added tgigfl;g 9 Links beteer
reference model betweemarketing insiit and unnecessary Ormarketing insight ar

overengineerg processe$o represent this inverted relationsligee unnecessary  or  ove
Figureg) engineered processes

Marketing ar ket

insight

Marketing insights justone side of thehallengeWhen dealing with

sensitive living crops, easily affected by their handleryironment, Unnecessary or
and storage timematching cstomer and market demands also °"e;';'1§!§‘§r9d
requires knowing the crop requirements. The example Aof-

Oubahou, Brecht, et gR019)about matching ripeness with delivery :

date requires the knowledge of how the fruit ripens under diffe Crop

conditions, such ashencooled The problem becomesmplex if

the same facility is to handle multiple crop types. In that case, the _

importance of knowing crop requirements is further emphasisenf;gﬂ?ree 10 Link iﬁgitéﬁe“ o
Benke & Tomking2017) A second factoGrop requirement insightunnecessary or ovengineere
was therefore added and linked unnecessary or overengineereprocesses
processegseeFigurel0).
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Overproducing good crops without being able to sell them is a problem already merigned
another side of waste in agriculture is damaging crops to the degree that their value id lessene
or cannot be solBrander et al(2020)and Lenzi et al(2021)all emphasise this as a challenge
to profitability in agricultureThere are many sources of these losdasing PHSwith poorly
implementedessential steps such as temperature coon&nasing chilling damaggéGiorges &
Pierson, 2018; Miljkovic & WinteNelson, 2@1) or using too rough handlingausing physical
damagdBader & Rahimifard, 2020; Brosnan & Sun, 2004 lead to significant lossedn the
other hand, proper cooling techniques are critical to preventing natural deteri¢@tioyes &
Pierson, 2018)Packaging technology also has this #wll challenge ofpotentially both
produdéng and prevating losses and improvements in this areavieammensepotential to
prevent losses (Owoyemi et al., 2021)These links betweemissing or poorly executed
processedpssesandprofitability are demonstrated Figurell.

Profitability

Missing or poorly
executed
processes

Figure 11 Links between missing or poorly executed processes, losses and profitability

This brings us back tcrop requirement insighThe compl& mechanical properties of foodstuff
and the lack of understanding thereof are contributing factors to the low ugtdlexible
packing automation in the food indus{Bader &Rahimifard, 202Q)As these same properties
are a constant focus of research for the other stages of th@RBrosnan & Sun, 2001; Erkan
& Dogan, 2019; Gosset, 2020; Kabas et al., 2020¢y can be considered likely factors for
slowing the uptake for these g&s as well. Other causes for poorly performing or missing
processes are other wildly varying biological conditions such as gas and temgseasitivity
(Shipman et al., 2021; Y, Fonseca, et al., 2019 hile research is required for some of these
requirements to be met properly and ecoiaity, for examplein Rissing or poorly
harvesting(Erkan & Dogan, 2019and quality sortingdSun et al.,
2021) the other areas can be improvetbaby simple means if + Jr———
correct temperatures and handling procedures are known and
consideredy designergYahia, Fonseca, et al., 201Fherefore, a

link from crop requirement insighto missingor poorly executed

processeshat completes thehainto profitability wasadded to therigure 12 Link between crc

reference modebeeFigure12). L?qpuclfr@eer;e?u?g‘é sr':)‘i missir

Crop
requirement
insight

Another lirk from marketing insightvas also discoved with the addition of thenissing or

poorly executed processtxctor (seeFigure 13). Just asnarketing insighis important not to
overdimension or overengineer processEs;Oubahou, Brecht, et g2019)also writes of its
importance to ensuréhat critical processes are included and done correctly acuprtb
customer preferences. They write that proper sorting and packaging should be chosen based on
what is desired by the customer to deliver as much value as possible. Being able to fully realise
the valueof every single crop is somethipzai et al.(2015)
also emphasizesFor instancethe sorting outof substandard
crops to prevent loss of value to the whélig:Oubahou, Brecht, processes
et al.(2019)goes further and says that having a good kndgée
of the market enabdethe producer to capture opportunities to use
substandard crops that would otherwise be thrown away by

-+
Marketing
processing them into juice, jams or similar. That way, hv

. . . .. ;i . Figure 13 Link between marketil
investing in an auxiliary production line, some of the 10Ss creéjnsight and missing or poorly execu

by the waste can be recapgd. processes

Missing or poorly
executed
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Thesecond original target for the support veffscient layoutMuther and Wheeldgi1977) write

that it is common to forget auxiliary systems and contextual information when designing
production facilities. They say this rdsuin inefficient use of the available spacerbyuiring
unnecessargransportation between process steps or using
space saved forxpansion to fit staff spacespnveyors,
and auxiliary equipment. Thigefficiency means darger
production facilitywould be required than would otherwise
be necessary. By making sure floor space is used as
efficiently as possible, the total productipar n? of the
facility could therefore be increased. This link between
efficient layoutand production capacity per frwvas kept Figure 14 Link between efficient layout &
from the initial mode{seeFigure14). production capacity per m2

Production
capacity per
m2

Efficient layout

The links betweemproduction capacity per fnpayback perioccostand profitability are also

kept from the initial modelseeFigurelb). The correlation betwan the production capacity per

m? of a production facility and the payback period is impligitt whetherit is to beconsidered

a key factordeservesttention.The @st of real estate varies greatly dependingt@mtountry

and if it is in urban to rutaareas(Benke & Tomkins, 2017)A PF takesadvantage of many of

the circumstances that come with urban environmgsssonet al., 2016; Martin & Molin,

2019) but that also means dealing with its drawbacks. One such drawback is the cost of real
estatewhichBenke & Tomkins(2017)puts as a critical obstacle for PFs and writes that the size
of the facilitiesdramatically affects the cost of establishing new PF.

While the link betweempayback peopd and Profitability
profitability could be taken as impliciBenke

& Tomkins (2017)andMartin & Molin (2019) . )
all emphasizehe payback periodas a critical
barrier for establishing profitde PF. Because Production

of this, anadditionallink was added to the|  cepacityper :

reference model temphasizé¢he relevance of

this relationship. With that, the referenceFigure15Links between production capacity per m2, pay
period and profitability

model was completeds shown irFigure16.

[12,8
7,61

+
Missing or poorly .
. &

(a1l Profitability

executed =
processes

Unnecessary or [1.10]

over-engineered
processes

Payback period
+

[1] (Benke & Tomkins, 2017)

[2] [Muther & Wheeler, 1577)
[2] (Alt-Oubahouetal., 2018)

[4] (Hubka & Eder, 1983)

[5] (Bader & Rahimifard, 2020
[6] (Owoyemiet al., 2021)

[7] (ze et al., 2021)

[8] (Giorges & Pierson, 2018)

[5] [Shipmanetal., 2021

[10] {Martin & Molin 2013)

[11] {vahia, Fonseca, et al., 2013)
[12] (Brosnan & Sun, 2001)

[13] {Ait-Oubahou, Brecht, etal., 2015)
[14] (Brander et al., 2020)

[15] {Lenzi et al., 2021)

[16] (Kozai & Niu, 2015)

Production
capacity per
m2

Crop
requirement
insight

Figure 16 Completed reference model with measurable success factors marked with clipboard symbols
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4.1.2. Impact model
The impact modedlemonstratew/hat factors the support is supposedtfect and the intended
impact that will have on the other factors of the reference n{8dé¢sten & Gustavsso@020.
The key factors identified in the reference model wa requirement insight, marketing
insightandefficient layoutEach factor was to be targeted by one support compaseshown

in Figurel7.
Marketing .
insight Efficient
layout

+

Crop
requirement
insight

Pre-study guide

Background
study
information

Specifying
design tools

Production development support for PF PHS

Figure 17 Support components and their intended taeddteyfactors

The most significan differences between the models are the values of the links. If the support
positively affectsa factor, the link leaving the factor should also start with &ipegBlessing

& Chakrabarti, 2009)There were four linkeshose values didat follow a matching chain from
support to the success factors.

The link betweerow crop requirement insigh&nd an increase ohissing orpoorly executed
processesvas had multiple sources referencing the increased risk when knewledgmissing

but few sources explicitly referenced the opposiewever, many sourceassumedthat
increased knowledge decreases the risk of missing or poorly executed processes as an argument
for their efforts to increase knowledge. The books uselarptojectFlorkowski et al., 2014;
Kozai, Shunsuke, et al., 2015; Paine & Paine, 1992; Yahia, Fonseca, et alwa )l based

on this assumptigrand the sowes for the original linkBader & Rahimifard, 2020; Shipman et
al., 2021;Yahia, Fonseca, et al., 2019)ggested increased knowledge as a possible solution to
the problemWhile none of the sources showed any proogoisality, the fact thahanycredible
sources assumed a link between increased knowledge and reduced pisdr forocesses, this
assumption was also made for this project.

The assumptions regarding thgerses of thénks to payback perioadvere deemed sedvident.
However, other auxiliary factors could be affected by the factors linked to payback picid,

in turn would affect it.For instance, the use of expensive equipment to incr@askiction
capacity per nf would naturally also affect the payback period negatively. However, these
auxiliary effects were not deemed significant enough to preventitfirad assumption to hold.

The last assumption was the link between redlmesedo increasegbrofitability. Similarly to
payback periogdthere are likely auxiliary factors that can affect these two linked factors, but on
the whole, the main link betwedhem was assumed to take precedenbe.complete impact
model is shown ifrigure 18, with the explained assumptions shown with yellow links.
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Figure 18 Impact model with assumed links marked wjtilow
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