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Abstract
Ecovillages are intentional communities that go against the food and agroindustry by
reducing economic relations outside their community and aiming for economic and food selfsufficiency. To achieve this, ecovillages adopt different food production practices following
sustainability principles. Therefore, food production within an ecovillage could potentially
provide economic and food self-sufficiency simultaneously. The bio-economic whole-farm
model ‘FarmDESIGN’ was used to describe the current food production system and household
composition, explain economic and nutritional performance, and explore alternative food
production systems that can meet the social demands, nutritional and economic requirements
of the case study ecovillage in western Germany. Using this approach, the flows of resources
between the household and the food production system were modeled. Furthermore,
economic, environmental and social indicators were investigated. Assessment of the current
food production system and household revealed relatively low nutritional and economic
performance. Alternative food production systems were explored by conducting multiobjective optimization on nutritional and economic indicators. The results suggest trade-offs
between nutritional and economic objectives. The economic and food self-sufficiency
improved in the alternative farm configurations however did not fully meet the requirements
of the ecovillage. The FarmDESIGN whole-farm model could be used in the future for foodproducing ecovillages to examine the current farming performance, calculate economic and
food self-sufficiency and even assess the sustainability of ecovillages.

Keywords
Ecovillage, economic self-sufficiency, FarmDESIGN, food self-sufficiency, multi-objective
optimization, participatory research, whole-farm model.
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1 Introduction & Literature Review
1.1 Intentional communities
Humankind, given its social nature, has always been living in communities such as tribes
and villages. These types of communities are spontaneous and form naturally throughout the
years. In contrast to this, intentional communities (IC) are consciously formed by a small group
of people with a purpose, having defined aims and goals (Shenker, 2011). Their social cohesion
can be based on religious, political, social or spiritual views. To a different extent, these groups
withdraw from, and at the same time are excluded by, mainstream society and challenge its
norms and status quo (Meijering et al., 2007). Here, mainstream society is defined as a society
constructed by “the dominant capitalist and scientific discourse of Western societies”
(Meijering et al., 2007). Throughout the history, ICs have had many different forms, ranging
from traditional Hindi ashrams, Israeli kibbutzim, through hippie communes, to urban co-living,
cohousing communities, and housing cooperatives (Miller, 2015; Klaudt, 1997; Spiro, 1956;
Zablocki, 1980). Currently, four main IC types can be distinguished based on their degree of
withdrawal from mainstream society: religious, ecological, communal, and practical ICs
(Meijering et al., 2007). In this study, I focus on ecological ICs because they challenge urban
trends and norms such as individualism, consumerism, and materialism the most (Meijering et
al., 2007). These norms are among the key drivers of modern food consumption habits, which
have shaped today’s industrialized agriculture (Hajdik, 2011; Press & Arnould, 2011). Ecological
ICs go against the food- and agroindustry by reducing economic relations outside their
community and aiming for economic self-sufficiency (ESS) mainly by producing food and
energy (Meijering et al., 2007). Currently, there is a growing trend of a particular type of
ecological ICs which are called ecovillages.

1.2 The ecovillage movement
The term ecovillage (EV) was first introduced in the early 1990s when the movement of
“communist and socialist settlements” (1840s), later called “communitarians” (1860) and
“intentional communities” (1920), grew into a global movement (Garden, 2006; Stockwell,
2000). As a result of this movement, in 1991 the Global Ecovillage Network (GEN) was
established to provide a platform for communication and support for such communities.
Currently, the GEN consists of more than 10,000 EVs all around the globe. The form of these
EVs ranges from rural villages through urban communities to large networks of settlements.
To avoid accidental exclusion of ecological ICs from the EV concept, the following definition
has been adopted: “An ecovillage is an intentional, traditional or urban community that is
consciously designed through locally owned participatory processes in all four dimensions of
sustainability (social, culture, ecology, and economy) to regenerate social and natural
environments” (Global Ecovillage Network, n.d.).

1.3 Food production and economic and food self-sufficiency in EVs
Several EVs, adopted different food production practices to grow (part of) their own food
following the principles of sustainability. Food production within EVs might be able to serve as
a multi-purpose activity that has the potential to provide income and food, at the same time.
1.3.1 Food production systems (FPS)
Food production in an EV is mainly determined by the EV’s environmental conditions,
type, organizational form, and ultimately, aims and goals. As EVs aim to create sustainable
livelihoods (Global Ecovillage Network, n.d.) their food production system (FPS) should be
5

based on sustainability principles too. Therefore, a sustainable FPS should provide adequate,
nutritious and healthy food, create biodiversity, avoid negative environmental and ecological
impacts, and ensure livelihoods Dwivedi et al. (2017). According to this, an EV’s FPS should
provide both, economic and food self-sufficiency.
1.3.2 Economic self-sufficiency (ESS)
The term economic self-sufficiency (ESS) was introduced in the 1990s and has been
identified either as independence from public assistance or as a poverty measure (Hetling et
al., 2016). In this study, the definition of the Fairfax County Human Services Council (2012) has
been adapted to fit EVs. According to this, ESS is the ability of an EV to maintain sufficient
income to consistently meet the ecovillagers (EVers) basic needs – “including food, housing,
utilities, health care, [health insurance,] transportation, taxes, dependent care, … clothing [,
and retirement] – with no or minimal financial assistance or subsidies from private or public
organizations”. According to the above-mentioned definition, food is a basic need that should
be covered by ESS. However, many EVs produce (part of) their own food with the aim of
achieving food self-sufficiency (FSS). Therefore, in this study, ESS and FSS will be treated
separately.
1.3.3 Food self-sufficiency (FSS)
FSS has been studied over several years from the national level to small-holder farming
systems (Clapp, 2017; Haji-Rahimi, 2014; Hengsdijk et al., 2014; Leonardo et al., 2015; Pradhan
et al., 2014; Rankoana, 2017; Warr, 2011). On a national level, FSS is calculated as a ratio of
the sum of domestic production, imports, and exports, divided by the total domestic
production expressed in kilocalories (kcal) (Clapp, 2015). This formula can be easily adapted to
farming systems or food-producing EVs too. Therefore, the above-mentioned formula of FSS
will be adopted in this study. However, previous studies about human nutrition show that
consuming only the required number of calories does not result in a sufficient and healthy diet
(Calton, 2010). Therefore, in this study proteins, minerals and vitamins will also be considered
in the estimation of FSS.

1.4 The state of the art of EV research
EVs have a strong ecological and social focus expressed by growing their own food and
combining individual and community life respectively. This alternative lifestyle tends to be
more sustainable both, ecologically and economically than the current consumerist lifestyle
(Waerther, 2014). However, peer-reviewed research that would confirm this is rather scarce.
This is mainly because of the relatively young age of the EV concept and its surrounding
movement, originating from the early 1990s (Wagner, 2012).
1.4.1 General review
Studies focusing exclusively on EVs started to appear after the birth of the concept itself.
Although, most of these studies approach EVs from the social sciences and humanities
perspective (Wagner, 2012). The focus of these studies is often on the perspective of the
individual (Mulder et al., 2006; Sluiter, 2007), sociological (Mulder et al., 2006), ethnological
and cultural (Chitewere, 2006; Kiffmann, 2009; Meijering et al., 2007; Sanguinetti, 2012), and
architectural and city planning investigations (Loezer, 2011; Tolle, 2011). However, there are a
few exceptions among the scientific papers, found in this search, that study EVs from a natural
sciences perspective (Bissolotti et al. 2006; Brown, 2004; Dowling, 2007; Irrgang, 2005; Råberg,
2007; Tinsley & George, 2006).
6

1.4.2 Natural sciences EV research review
Bissolotti et al. (2006) investigated the sustainability of an EV in Brazil by assessing the
residents’ relative satisfaction level (RSL) towards three dimensions (shelter, access, tenure)
and six attributes (symbolic, environmental, human, technical, ecologic, social) associated with
ecological sustainability. The results showed, that EV residents were most satisfied with the
social attribute (RSL 85.0%) and shelter dimension (RSL 80.6%) and found the least satisfying
the economic (RSL 66.4%) attribute. Based on the results, it was established that the EV is
rather focusing on the social aspects of sustainability.
Another study (Brown, 2004) compares energy consumption trends of gas and electricity
between a cohousing community, an EV and USA national and regional averages expressed in
million British thermal units (MBTU). Results showed that both, the cohousing cooperative
(72.8 MBTU) and EV (68.5 MBTU) were able to reduce their energy consumption compared to
USA population averages measured in 2001 (92 MBTU) by 20.9% and 25.5% respectively.
Furthermore, two studies (Dowling, 2007; Irrgang, 2005) looked at different aspects and
components of the Lynedoch EV in South Africa. Both studies highlighted the good examples
of the EV which could be used in future alternative urban planning. Dowling (2007) studies the
EV’s water treatment and purification techniques in contrast with the conventional water
treatment system of Cape Town. Next to the water purification techniques in Lynedoch EV
Irrgang (2005) highlights the importance of “the design and functioning of buildings, (...)
recycling of waste products and reciprocal influence of the natural and man-made
environments” however only in a descriptive, qualitative way.
In their study, Tinsley & George (2006) investigated the ecological footprint of the
Findhorn EV (Findhorn Foundation & Community) residents’ and guests’ in Scotland. The
environmental impact was estimated based on food consumption patterns, transportation
methods, used services, and consumables of residents’ and guests’ both. According to the
results, EV residents had a 2.71 global hectares (gha capita-1), and guests a 1.15 gha capita-1
ecological footprint. This was lower than the footprint of the average citizen of the United
Kingdom (5.4 gha capita-1) and Scotland (5.37 gha capita-1).
Another study (Råberg, 2007) introduced the concept of permaculture design as one of
the main organizational forms and food production practices of EVs. The study presents the
principles and building blocks of permaculture, its benefits, and possible difficulties. The
efficiency of permaculture is defined by the level of biodiversity, self-sufficiency, and
sustainability however in a qualitative way.
Wagner (2012) in his review refers to studies written in the German language DePasqualin
et al. (2008), Mayerhofer (2009) and Simon (2004) that address ecological sustainability.
According to this review, DePasqualin et al. (2008) investigated additional aspects of
production and the self-sufficiency of EVs by defining several system models for different types
of self-sufficiencies (energy supplies, food, services, etc.). Mayerhofer (2009) studied the
energy supply of an EV in Austria while Simon (2004) compared the ecological footprint of
three EVs in Germany.

1.5 Identifying the knowledge gap
The above-mentioned studies (Bissolotti et al. 2006; Brown 2004; Dowling 2007; Irrgang
2005; Mayerhofer, 2009; Råberg 2007; Simon, 2004; Tinsley & George 2006) investigated
different sustainability indicators (energy consumption, ecological footprint), water
purification techniques, permaculture design and satisfaction of EVers with the sustainability
of different components. However, none of these studies examined or quantified ESS and/or
FSS levels of EVs.
7

1.6 Aim of the study: addressing the knowledge gap
Therefore, the aim of this study was to address the knowledge gap by assessing the ESS
and FSS of EVs using a whole-farm modeling approach adopted from agricultural systems
research. In agricultural systems, whole-farm modeling is a widely used technique in assessing
farm performance, exploring management options, innovations, and conducting scenario
analyses (Ditzler et al., 2019). This approach was applied to a case-study EV using the
FarmDESIGN model (Groot et al., 2012). FarmDESIGN has been used in several studies (CortezArriola et al., 2016; Ditzler et al., 2019; Estrada Carmona et al., 2019; Flores-Sánchez et al.,
2015; Michalscheck et al., 2018; Timler et al., 2017) of smallholder farms, which are often
similar to EVs in size of cultivated land, number and type of grown crops and access to
resources.
To test whether the whole-farm modeling approach can be applied to EVs, the Vlierhof EV
was chosen as a case study. The Vlierhof is a rural EV located in western Germany and it is part
of the Global Ecovillage Network. The EV is aiming for FSS, therefore, the community grows
part of their own food in their garden. Because of this, the Vlierhof was a suitable case-study
EV for this study. To investigate the applicability of the whole-farm modeling approach in case
of the Vlierhof EV the following research objectives were identified:
RO1 Describe the economic and nutritional requirement (demand), and agricultural
performance (supply) of the Vlierhof EV over the period of one year.
RO2 Explain if, and how the current FPS of the Vlierhof EV provides ESS and/or FSS.
RO3 Explore alternative FPSs, based on the Vlierhof EV’s social demands (participatory
approach), that would allow the Vlierhof EV to achieve both, ESS and FSS at the same time.
RO4 Design, through a participatory approach, a feasible FPS that could provide ESS and
FSS simultaneously to the Vlierhof EV.
To address the research objectives the following research questions were identified:
RQ1.1 What is the minimum required income and dietary reference intake of the Vlierhof
EV that would provide ESS and FSS over the period of one year?
RQ1.2 What is the current agricultural and economic performance of the Vlierhof EV over
the period of one year?
RQ2 Does the current FPS of Vlierhof EV provide ESS and/or FSS over the period of one
year?
RQ3 Are there alternative FPS that would allow the Vlierhof EV to achieve ESS and FSS at
the same time?
RO4 Is there a feasible FPS, designed through a participatory approach, that could
provide ESS and FSS simultaneously to the Vlierhof EV?
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2 Materials & Methods
In this section, the case-study EV and the FarmDESIGN whole-farm model are presented
and the model functions briefly explained. After that, the methodology is described in detail,
following the DEED cycle Describe, Explain, Explore and Design (Giller et al., 2008; Giller et al.,
2011).

2.1 The Vlierhof EV
The Vlierhof is located in the district of Kleve (51°50'48.4"N 6°04'52.4"E), western NorthRhine Westphalia Province, Germany (Figure 1a, 1b). It was founded in 2003 by four people.
At the time of this study, fourteen community members were living there. The Vlierhof has two
main buildings that provide accommodation for residents. Another building serves as a bedand-breakfast and can be rented for different activities. The Vlierhof has 3 ha of land occupied
by a vegetable garden, fruiting trees and shrubs, a camping and recreational area.

Figure 1. Location of the Vlierhof case study ecovillage in Kleve District (b), North-Rhine Westphalia Province,
Germany (a); the ecovillage's layout from a bird-eye view (c); the ecovillage's garden with its different
production areas including main production fields (A, B, C, D, E), secondary production fields (F, G), a
greenhouse, polytunnel, food forest, extended food forest, and permaculture circle (d).
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The EV has an alternative organizational form, however, it is not consolidated yet. They
are adapting certain aspects of sociocracy with more or less success. Sociocracy is a horizontal
organizational form that divides different units and activities of an organization into several
circles (Korhonen et al., 2014). Vlierhof has seven circles: administration, garden, kitchen,
seminar house, volunteers, community and home care.
The main income source of the EV is the bed-and-breakfast and the rental of the seminar
house. Furthermore, the excess garden produce is sold to generate extra income. Vlierhof’s
current food production setup has been established in 2017. The garden has an area of 0.5 ha
and contains a wide variety of vegetables, fruits, and herbs. These are mainly consumed by
community members as fresh produce, prepared meals and conserved goods. Since 2018, the
Vlierhof holds the Demeter Biodynamic Certification.

2.2 FarmDESIGN model
FarmDESIGN is a whole farm bio-economic model that has been developed to analyze
farm performance and explore alternative farm configurations to meet social, economic and
environmental objectives (Groot et al., 2012). FarmDESIGN uses field, crop and livestock
information, farm management practices, destinations of crop and/or animal products (Timler
et al., 2017) to calculate carbon, nutrient (NPK) and organic matter flows, food, feed, and labor
balances, and economic performance of a farm system on an annual basis. Furthermore, the
model calculates the balance of different dietary indicators (dietary energy, protein, fat,
carbohydrate, dietary fiber), minerals (Ca, Fe, K, Mg, Mn, Na, P, Zn) and vitamins (A, B6, B12,
C, D, E, Folate, Niacin, Riboflavin, Thiamin) (Estrada Carmona et al., 2019; Groot et al., 2017)
expressed in nutritional system yield (NSYr). “NSYr quantifies the number of consumer units that
can obtain their complete daily dietary reference intake (...) for a year per [the total] area of a
production system” for each reference nutrient (r). (FarmDESIGN Manual, 2018). FarmDESIGN
uses an evolutionary Pareto-based algorithm to explore new farm configurations (Groot et al.,
2012) based on the decision variables and objectives determined by the user (Groot & Rossing,
2011). The alternative farm configurations are visually presented in a Cartesian coordinate
system as a solution-cloud, ranked based on Pareto-optimality. This allows for the ex-ante
assessment of potential trade-offs and synergies between different objectives (Ditzler et al.,
2019; Timler et al., 2017). For a detailed description of the FarmDESIGN model parameters see
Groot et al. (2012).

2.3 DEED research cycle
The model follows the “DEED” research cycle which consists of four consecutive and
interactive steps (Ditzler et al., 2019), Describe, Explain, Explore, Design (Giller et al., 2008;
Giller et al., 2011). In the Describe phase, a virtual version of the studied farm system is built
in the model based on the collected data (Ditzler et al., 2019). Flows and balances of resources
are calculated on an annual basis in the Explain phase (Groot et al., 2012). In the Explore step,
the multi-objective optimization algorithm is used to explore options to adjust farm
management and to meet the objectives defined by the user (Ditzler et al., 2019). In the Design
phase, based on the information derived from the optimization, alternative farm
configurations can be selected to generate discussions between the researcher(s), farmer(s)
and other stakeholders about the adoption and implementation of new methods, techniques,
even an entire farm system design (Ditzler et al., 2019; Timler et al., 2017).
The DEED research cycle was used as a framework in the case study of the Vlierhof EV.
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2.4 Case study
2.4.1 Model EV characterization (Describe, Explain)
To describe the EV’s FPS and explain its performance in terms of ESS and FSS, quantitative
(soil sampling, garden management, and cropping, market prices and nutritional value of
garden produce) and qualitative data (personal information of community members) were
collected.
Based on the applied management practices in the garden (Figure 1c, 1d), seven soil
samples were collected. The soil samples were digested with a mixture of H2SO4–Se and
salicylic acid (Novozamsky et al., 1983). In these digests, the total soil nitrogen and phosphorus
content were measured spectrophotometrically with a segmented-flow system (Skalar Scan++
System). Soil pH was measured by potentiometry (Houba et al., 1989) while soil organic matter
(SOM) content was determined using the loss-on-ignition method (Howard & Howard, 1990).
Garden management practices and cropping data (Table 2 of Appendix), including grown
crops (fruits, herbs, vegetables, fruiting trees, and shrubs), growing area (m2) and yield (kg/ha)
of crops, selling price (€/kg) and sold amount (kg/year) of garden produce and fertilization rates
(kg/ha/year) were acquired from the administration database of the community for the years
2017-2018. Income from other sources than the garden produce was not considered since it
was beyond the scope of this study.
The missing market prices were obtained through extensive online research based on the
prices of major supermarket chains in the Netherlands. The EV used to sell part of the garden
produce to an organic supermarket in the Netherlands. Furthermore, most of the bought-in
food products originated from Dutch supermarkets. Therefore, in this study, Dutch
supermarket prices of organic products were considered as the reference value for the garden
produce.
The nutritional value of food products (fruits, herbs, and vegetables) was obtained from
the USDA Food Composition Database (n.d.). The community prepares conserved food
products from part of the garden produce too. However, in this study, only fresh garden
produce was considered to avoid unnecessary complexity.
At the time of the research, several EV residents were registered and insured in the
Netherlands. Therefore, to determine the EV residents’ economic requirements, the minimum
wage established by the Government of the Netherlands (2018) was taken as a reference
value.
Personal information such as gender, age, physiological state, labor in the garden
(hours/year) of permanent community members was collected from the administration
database of the EV. A community member was considered permanent if he or she worked
and/or actively participated in the community life of the Vlierhof EV at least six hours a day,
five days /week, consumed meals prepared in the community, and was committed to living in
the EV for at least three consecutive months.
Based on the collected data a model version of the EV’s the garden and household were
built in FarmDESIGN. Input values for environmental, garden and household parameters were
derived from the results of the soil sample analysis, collected data, FarmDESIGN’s default
database, and scientific literature. The nutritional requirement (demand) (measured in dietary
energy, protein, essential nutrients, and vitamins) of the EV’s household was established by
matching the personal data of residents with the preestablished nutritional groups in
FarmDESIGN. Afterward, the current performance (supply) of the model EV was evaluated by
assessing nutritional (dietary energy, essential nutrients, and vitamins) and economic
indicators calculated by FarmDESIGN.
11

In the household nutrition module of FarmDESIGN, the dietary reference intake of the
Vlierhof EV was estimated based on the recommended dietary allowance for 97-98% of healthy
people (Meyers et al., 2006) by taking into consideration gender, age and physiological state
of the EV residents. The nutritional adequacy was assessed for dietary energy, protein,
minerals (Ca, Fe, K, Mg, Mn, Na, P, Zn) and vitamins (A, B6, B12, C, D, E, Folate, Niacin,
Riboflavin, Thiamin) individually by calculating the deviation between the produced amount of
nutrients (supply) and the recommended dietary allowance of the EV’s household (demand)
over the period of one year. The deviation is calculated in the following way:
𝑫𝒆𝒎𝒂𝒏𝒅

𝑫𝒆𝒗𝒊𝒂𝒕𝒊𝒐𝒏 𝒓 (%) = ( 𝑺𝒖𝒑𝒑𝒍𝒚 𝒓 − 𝟏) ∗ 𝟏𝟎𝟎 (1)
𝒓

where ‘r’ is the nutrient which deviation is calculated. According to this, at deviation r 0% one
would have adequate nutrient ‘r’, at deviation r -100% one would have no nutrient ‘r’ at all
and at deviation r 100% one would have double as much as needed of nutrient ‘r’.
The nutritional adequacy is also expressed in NSYr (r = nutrient) that indicates the number
of consumer units that can be fed by the produced amount of nutrients over the period of one
year. To estimate the FSS level of the EV both values were used. First, the deviation between
the supply and demand of dietary energy and protein was assessed. If the deviation of these
nutritional indicators was equal or larger than zero the NSYr value of every nutrient was
investigated for more accurate results. In the estimation of the FSS level of the Vlierhof EV, the
garden produce was taken into consideration exclusively.
Based on the economic supply (provided by the garden produce) and demand of the EV,
the current ESS was established for the period of one year using the following formula:
𝑨𝒏𝒏𝒖𝒂𝒍 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒑𝒓𝒐𝒇𝒊𝒕

𝑬𝑺𝑺 (%) = 𝑨𝒏𝒏𝒖𝒂𝒍 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝒘𝒂𝒈𝒆∗𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒓𝒆𝒔𝒊𝒅𝒆𝒏𝒕𝒔 ∗ 𝟏𝟎𝟎 (2)
The ESS formula was modified to be able to show its values in the same chart along with
the NSYr values. The modified formula is the economic system income (ESI), which indicates
the number of people who can obtain the minimum wage from the annual operating profit of
the EV.
𝑨𝒏𝒏𝒖𝒂𝒍 𝒐𝒑𝒆𝒓𝒂𝒕𝒊𝒏𝒈 𝒑𝒓𝒐𝒇𝒊𝒕

𝑬𝑺𝑰 = 𝑨𝒏𝒏𝒖𝒂𝒍 𝒎𝒊𝒏𝒊𝒎𝒖𝒎 𝒘𝒂𝒈𝒆 (𝒐𝒇 𝒐𝒏𝒆 𝒑𝒆𝒓𝒔𝒐𝒏)

(3)

Besides of its garden, the Vlierhof EV has other food and income sources to ensure
adequate nutrition and provide a decent life quality. However, these additional income and
food sources were not taken into consideration in the calculation of ESS and FSS levels.
Therefore, these values indicate the ESS and FSS levels that could be obtained solely from the
garden of the EV.
2.4.2 Capturing social demands to create re-design scenarios
Semi-structured interviews were conducted with eleven community members from
different circles of the EV to capture the social demands of the EV residents towards the
garden. Community members participated in the interviews voluntarily, responding to an open
call. Every interview was recorded on video for further analysis. From the recorded video
material, social demands were identified. A social demand was registered if it was directly
12

related to food production, and it was mentioned at least by three EV residents. After this,
every demand was given a score, based on the opinion of the interviewed EV resident: positive
= 1, partially positive = 0.5, neutral or no answer = 0, partially negative = -0.5, negative = -1.
Every demand received a score from each interviewee. Finally, the scores of different social
demands were summed. Because there were eleven interviewees, scores could range from 11 to +11 (Table 2).
Based on the identified social demands three different redesign scenarios (A, B, C) of the
EV’s garden were created. Every scenario was implemented in FarmDESIGN by adding new
crops, livestock, and their products to the initial garden setup, and defining different decision
variables on crop areas, livestock numbers, and feed quantities. The scenarios were designed
to meet the community members’ social demands, each scenario to a different extent.
2.4.3 (Model) EV Exploration
To explore alternative configurations of the redesign scenarios the growing area of crops
and the number of animals were used as decision variables. The multi-objective optimization
algorithm was run with the objectives of simultaneously maximizing for (1) dietary energy
deviation, (2) protein deviation, and (3) operating profit. The objectives were identified based
on the three most common social demands. The optimization was carried out for each scenario
individually. The starting point of the optimization process was the current situation of the EV
garden.
The optimization was executed for 3000 iterations to ensure stable outcomes per run. As
explorations parameters for the Differential Evolution algorithm employed in the optimization,
the default settings of the model were used (Groot et al., 2007; Groot et al., 2011) based on
similar studies (Cortez-Arriola et al., 2016; Ditzler et al., 2019; Flores-Sánchez et al., 2015) for
each re-design scenario exploration (A, B, and C). A full description of the objectives, decision
variables, constraints and exploration parameters set for multi-objective optimization can be
found in Table 1 of the Appendix. Other parameters were quantified according to the collected
data.
The optimization results were analyzed to observe how the model configured a variety of
alternative allocated crop areas and animal numbers that met the three predefined objectives.
Furthermore, trade-offs and synergies became visible between the three objectives (Groot et
al., 2012). Finally, the ESS and FSS levels of the alternative FPSs resulting from the optimization
were assessed for each scenario individually.
2.4.4 (Re)Design through a participatory approach
As the final step of the research, the results of the current garden performance
assessment (ESS, FSS), the three redesign scenarios (A, B and C) and the multi-objective
optimization results of each scenario were presented to the Vlierhof EV. A detailed explanation
was given, about the criteria that were used to create the redesign scenarios and the objectives
of the multi-objective optimization process. The choices of different parameters were justified
based on the results of the eleven semi-structured interviews and the physical constraints of
the EV and its garden. After the presentation, the possibility to create a new redesign plan of
the EV’s garden, based on the results of the optimization, that would meet the social demands
of EV residents and provide ESS and FSS, was offered to the community. To create the redesign
plan a participatory approach was used in the form of a round table discussion. In this approach
EV, residents were discussing different aims and goals, options and potential innovations that
could be part of the redesign plan. Their discussion was guided and supported based on the
previously obtained optimization results and on ad hoc scenario optimizations.
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3 Results
3.1 Current situation of the Vlierhof EV
The results of the dietary reference intake of the fourteen residents (age 19-30: 4 female,
1 male; age 31-50: 2 female, 4 male; age 51-70: 1 female, 2 male; age >70: 1 male) of the
Vlierhof EV can be found in Table 1. In 2018 the minimum wage in the Netherlands was €
1,594.2 month-1 for 21 years old or older adults. Every resident of the Vlierhof EV was above
21 years old. From the fourteen residents, two persons were above the legal retirement age
of 66 established by the Government of the Netherlands (2018). Despite the difference
between the pension and salary, in this study the monthly minimum wage was taken as a
reference income for every EV resident. According to this, the minimum required income for
the fourteen residents of the Vlierhof EV was € 267,825.6 year -1.
Table 1. Dietary reference intake of the fourteen residents (age 19-30: 4 female, 1 male; age 31-50: 2 female, 4
male; age 51-70: 1 female, 2 male; age >70: 1 male) of the Vlierhof ecovillage calculated for the period of one
year through recommended dietary allowances for 97-98% of healthy people.

Based on the initial parameters, FarmDESIGN calculated the bio-economic balances of the
Vlierhof on an annual basis. The three main indicators of interest had the following results: 82% dietary energy deviation, -76% protein deviation and € 10,064 year-1 operating profit. The
negative values of protein and dietary energy deviation, and the relatively low operating profit,
indicate that the garden produce of the EV does not provide enough food either income (Figure
2). Due to the relatively low values of nutritional indicators, the FSS was not calculated. The
operating profit of the current situation is 3.76% of the minimum required income. Meaning
that the Vlierhof EV’s garden provides a 3.76% ESS for the EV.

14

Figure 2. Operating profit and essential nutrient supply of the Vlierhof EV’s garden estimated for the current
situation. The height of the bars indicates the number of people that could be supplied with the operating profit
and different nutrients for the period of one year. The bold gridline indicates the ideal situation.

3.2 Social demands and re-design scenarios
The results of the analysis of social demands are presented in Table 2. According to this,
FSS was the highest social demand desired by every interviewed EV resident. This was followed
by diet diversity and sales/income as the second and third most desired demands.
Table 2. Identified social demands and associated opinions derived from the interviews with community
members from different circles of the Vlierhof EV, expressed numerically: positive = 1 (dark green), partially
positive = 0.5 (light green), neutral /no response = 0 (yellow), partially negative = -0.5 (light orange), negative = 1 (dark orange).

Founder

Administration c.
member

Head
gardener

Garden
coordinator

Garden c.
member

Kitchen c.
member 1

FSS

1

1

1

1

1

1

1

1

1

1

1

11

Diet diversity

0.5

0.5

1

1

1

1

0.5

1

1

1

1

9.5

Sales / income

0.5

1

1

1

1

-1

1

1

-0.5

1

1

7

Soil health

0

0.5

1

1

0.5

0.5

1

0.5

0.5

0.5

0.5

6.5

Livestock

0

0

1

0

0

1

0

1

0

0

0

3

Cultivated
area

0

0.5

0.5

0

1

1

0

0

0

0

0

3

Labor balance

0

-0.5

0.5

1

0

1

0.5

-1

0.5

0

0.5

2.5
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General
Kitchen c. Community Community
Intern
community
member 2 c. member 1 c. member 2
(4 months)
member

Score

Based on the identified social demands three redesign scenarios were created that would
meet the Vlierhof EV residents’ desires (Table 3).
Table 3. A simplified presentation of the three redesign scenarios based on the identified social demands from
the eleven interviews with Vlierhof EV residents.

Scenario A

Scenario B

Scenario C

Herbs (cash crops):
coriander, dill,
rosemary, thyme

Herbs (cash crops):
coriander, dill,
rosemary, thyme

Herbs (cash crops):
coriander, dill,
rosemary, thyme

-

Livestock:
20 chickens, 5 goats
+ 1 ha grassland for
grazing

Livestock:
20 chickens, 5 goats
+ 1 ha grassland for
grazing

-

-

Increased cropland:
1 ha

3.3 Ex-ante scenario analysis
The results of the optimizations revealed similar trade-offs in all three scenarios: between
operating profit and dietary energy deviation (Figure 3a), and protein deviation and operating
profit (Figure 3c). In all three scenarios, operating profit increased at the expense of dietary
energy deviation and protein deviation. An interesting relationship was observed between
protein deviation and dietary energy deviation (Figure 3b). Up to a certain point, the two
objectives showed synergy. After that, a trade-off relationship was observed, where dietary
energy deviation was increasing at the cost of protein deviation. This trend was present in all
three scenarios too.
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Figure 3. Relationships between the objectives of the multi-objective optimization for scenarios A, B and C
presented as solution clouds obtained with FarmDESIGN whole-farm model. Each dot represents an alternative
farm configuration. RED = Scenario A; ORANGE = Scenario B; and GREEN = Scenario C; BLUE triangle = current
situation.

When analyzing the allocated crop areas, certain crops were found to contribute more
than others to meet the objectives of the optimization (Figure 4). Annual crops and woody
shrubs that had a smaller area, therefore a lower contribution to meet the objectives of the
optimization, were grouped under the term ALL OTHER CROPS. The areas of fruiting trees were
grouped under ALL OTHER TREES to indicate that these are separated from the main
production area. The area of walnut trees was presented individually to highlight its increase
in scenario C, where its contribution was outstanding in meeting the optimization objectives
(Figure 4g, 4h, and 4i). In scenarios A and B, ALL OTHER TREES and walnut are stable in every
solution point because the area of these crops was not chosen as a decision variable. Despite
this, they were presented in the figures because of their contribution to the total area of the
Vlierhof EV’s FPS.
3.3.1 Operating profit vs. dietary energy deviation
Although the shape of the solution clouds was slightly different for the three scenarios,
the trade-off observed between operating profit and dietary energy deviation could be
explained by the relatively low dietary energy content and high economic value of cash crops
such as dill, lettuce, and tomato. For scenarios A and B, the solutions approaching higher
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operating profit had a similar amount of allocated cropland for cash crops and high dietary
energy content crops too (Figure 4c and 4f). Despite the similar cropland allocation, scenario
B had a higher values for operating profit and dietary energy deviation than scenario A. This
could be explained by the extra food products (eggs, milk) originating from the livestock
(chickens, goats) of scenario B, represented by the red and pink lines (Figure 4). In terms of
both objectives, operating profit, and dietary energy deviation, scenario C showed the best
performance by far. An explanation to this could be the extra cropland allocated to the walnuts
which have a relatively high dietary energy and protein content, and a fairly good selling price.
3.3.2 Protein deviation vs. dietary energy deviation
The partially synergistic, partially trade-off relationship between protein deviation and
dietary energy deviation is apparent in all three scenarios. This relationship can be explained
based on the change in allocated cropland areas when moving from lower to higher dietary
energy deviation. It can be observed that cropland is similarly allocated moving from the lower
towards middle range protein deviation and dietary energy deviation both (Figure 4a and 4b,
4d and 4e, 4g and 4h). However, in the middle range of dietary energy deviation, cropland
distribution shifts in favor of crops with high dietary energy content: borlotti beans, potato
(scenario A), and kidney beans and potato (scenario B and C). Towards the higher dietary
energy deviation the cropland distribution changes again in favor of potatoes over beans and
cash crops. This can be explained by the potato’s higher dietary energy content over all other
crops and the kidney and borlotti beans’ relatively high protein content which have the highest
allocated cropland in solutions with a higher protein deviation. Regardless of the relationship
between protein deviation and dietary energy deviation, scenario B performed better than
scenario A in both objectives. Again, this could be explained by the extra animal food products
of scenario B.
3.3.3 Protein deviation vs. operating profit
The trade-off between protein deviation and operating profit appeared to be linked
through both, the lower protein content of cash crops and lower economic value of high
protein content crops. From of the allocated cropland areas (Figure 4a - 4c; 4d - 4f; 4g - 4i) is
evident that there are more cash crops (dill, lettuce, tomato) in solutions with higher operating
profit and more high dietary energy content crops (potato, kidney and borlotti beans) towards
the solutions with high dietary energy deviation. This relationship can be observed in all three
scenarios.

3.4 ESS and FSS in the alternative farm configurations
3.4.1 Scenario A
The alternative farm configurations of scenario A outperformed the current situation of
the Vlierhof EV in all three objectives. The minimum value of operating profit was € 11,543
year-1 which is slightly better than in the current situation (€ 10,064 year-1) while, the maximum
value of was € 119,704 year-1. With this value, the ESS was estimated at 44.7%. An increase in
protein deviation and dietary energy deviation was observed ranging from -41% to 3% and 74% to -50%, respectively. As dietary energy deviation had negative values for each solution,
FSS levels were not calculated. Despite the better performance, none of these configurations
could offer a solution to meet the Vlierhof EV’s complete nutritional requirements.
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Figure 4. Modeled allocation of crop areas (ha) and livestock (goats and chicken) numbers in each alternative
farm configuration generated to meet the objectives of maximizing dietary energy deviation, protein deviation
and operating profit in the Vlierhof EV, moving from the lowest-performing solutions (left) towards the
maximum value achieved by the model (right) for each objective. Crops that contributed more to meet the
optimization objectives are presented individually (see legend). The remaining crops were grouped under ALL
OTHER CROPS. Fruiting trees are presented under ALL OTHER TREES except for Walnut which largely
contributed to meet the objectives in Scenario C. Livestock numbers in scenarios B and C are represented by the
red (chickens) and purple (goats) lines. The red triangle indicates the initial situation in each scenario.

3.4.2 Scenario B
In this scenario, the alternative farm configurations outperformed scenario A and the
current situation in all three objectives. The operating profit ranged from € 20,290 year-1 to €
127,175 year-1. Protein deviation showed positive values in every alternative farm
configuration ranging from 23% to 53%. While dietary energy deviation ranged between -55%
and -30%. Based on this, the maximum operating profit could provide 47.5% ESS to the Vlierhof
EV. The dietary energy deviation was negative for each solution therefore FSS levels were not
calculated.
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3.4.3 Scenario C
Alternative farm configurations of scenario C outperformed both previous scenarios and
the current situation of the Vlierhof in all three objectives. Operating profit ranged between €
35,924 year-1 and € 164,372 year-1. The maximum value of the operating profit could provide
61.4% ESS to the Vlierhof EV. In the case of dietary energy deviation, values ranged from 15%
to 49%. These values are relatively high compared to the current situation and scenarios A and
B too. The highest increase was observed in protein deviation with values ranging from 98%
and 143% more protein than needed. Given that both, dietary energy deviation and protein
deviation had values greater than zero in the case of every alternative farm setup the potential
supply of every nutritional indicator was assessed too (Figure 5).

Figure 5. Operating profit and essential nutrient supply of the Vlierhof EV, estimated for three alternative farm
configurations from scenario C. DED = highest dietary energy deviation; PD = highest protein deviation.; OP =
highest operating profit; Average = the average of all solutions of scenario C. The height of the bars indicates the
number of people that could be supplied with nutrients for one year; the bold gridline indicates the ideal
situation.

In this analysis three alternative farm configurations associated with the highest operating
profit, dietary energy deviation and protein deviation were included. Furthermore, the average
NSYr values were calculated from all the alternative farm configurations of scenario C to serve
as a reference number in the analysis. Based on these values, the FSS level of scenario C was
established. The alternative farm configurations associated with the highest operating profit,
and dietary energy deviation, and the average reference value were self-sufficient for almost
all measured nutrients except vitamin E, vitamin B12, Copper and Sodium. The alternative farm
configurations associated with the highest protein deviation value showed a deficiency in the
same nutrients plus Niacin.

3.5 (Re)Design plan
The Vlierhof EV residents reacted positively and actively participated in the creation of a
redesign plan of the EV’s garden. Despite the active participation of community members, this
step did not result in a feasible redesign plan.
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4 Discussion
The rapid growth of the EV movement drew the attention of researchers who studied EVs
from several scientific perspectives using different approaches (Wagner, 2012). However, most
of these studies currently lack tangible quantitative data regarding ESS and FSS of EVs
(Bissolotti et al. 2006; Brown 2004; Dowling 2007; Irrgang 2005; Mayerhofer, 2009; Råberg
2007; Simon, 2004; Tinsley & George 2006). In this study, I intended to show the applicability
of the FarmDESIGN whole-farm model to assess ESS and FSS of EVs, presented in the casestudy of the Vlierhof EV. In this part, I discuss the current economic and nutrient supply in
comparison to the demand in the case study EV. Furthermore, I explain how the ex-ante
scenario analysis could help create new farm designs that would provide ESS and FSS for the
Vlierhof EV. After this, I evaluate the participatory approach used in this study and the
limitations of the research. Finally, I discuss the applicability of the whole-farm modeling
approach to the Vlierhof case study EV and how this approach can contribute to filling the
knowledge gap in the field of EV research, identified in the Introduction.

4.1 The current situation
The current performance of the Vlierhof EV’s FPS showed a negative dietary energy and
protein deviation, -82% and -76% and relatively low operating profit, € 10,064 year-1. This
performance was only a small fraction of what the Vlierhof EV requires to achieve ESS (€
267,825.6 year-1) and FSS (Table 1). Therefore, the current FPS of the Vlierhof EV was unable
to provide either ESS or FSS. The low performance might be the result of unoptimized crop
rotation, inefficient use of cropland, crop failure, or gaps in the registry of the daily harvested
produce. However, this low performance is largely due to the fact that the Vlierhof EV has
other income sources, therefore, it does not have a goal of generating profit from its garden.
Therefore, to meet the Vlierhof EV’s demands and achieve ESS and/or FSS a new garden plan
would be required.

4.2 Ex-ante scenario analysis
The ex-ante scenario analysis revealed the trade-off relationship between operating profit
and dietary energy deviation, and protein deviation and operating profit, in all three scenarios
(Figure 3). This trade-off relationship indicates that it can be difficult to achieve ESS and FSS at
the same time in the Vlierhof EV. A solution to this trade-off could be the introduction of new
crops that would provide good nutritional and economic value at the same time. Such a crop
appeared to be the walnut which occupied almost half of the available cropland in every
alternative farm configuration of scenario C. Theoretically, this might seem a good solution,
however, “a diet of walnuts” would not be neither socially nor nutritionally feasible.
Considering the diverse range of garden produce of each scenario (A, B and C) and the
animal products (eggs and milk) in scenarios B and C, the garden was able to provide a relatively
diverse diet. However, in scenarios A and B, the number of food products could not provide
the required nutrition or income. Some of the alternative farm configurations of scenario C
were the closest to meet the nutritional requirements of the Vlierhof EV. These solutions could
provide the required amount of nutrients for the EV residents except for sodium, vitamin B12
and vitamin E (Figure 5). Regarding the ESS of the Vlierhof, the alternative farm configuration
with the highest operating profit in scenario C was able to provide income for 8 people over
the period of one year. This was the highest economic result. Considering that in the current
situation none of the produced nutrients (except for vitamin C) or the operating profit could
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meet the demand of the EV residents, these results show an outstanding improvement in the
ESS and FSS levels of the Vlierhof EV.
To compensate for the nutrient deficiency and the low income, certain measures could be
taken. First, the growing area of vegetables that are rich in the deficient nutrients could be
increased. Sodium is present in vegetables such as beets, carrots, celery, chard, and spinach.
Vitamin E rich vegetables are spinach, swiss chard, and butternut squash. All of the abovementioned vegetables were already present in the crop rotation of each scenario. Therefore,
a larger growing area of these vegetables would increase the nutritional yield and therefore
the production of the deficient nutrients. Furthermore, to compensate for the vitamin E
deficiency, sunflower and hazelnuts could be introduced to the crop rotation. Vitamin B12 is
present in animal food products such as meat, dairy, and eggs. Therefore, an increase in dairy
and egg production could compensate the vitamin B12 deficiency. (The Vlierhof EV does not
have permission to slaughter animals therefore, meat production is not an option.) An increase
in the production of the above-mentioned garden produce and animal food products would
also increase the operating profit. Another option would be to increase the production of cash
crops which might help to improve the operating profit and even achieve ESS.
However, all of these options would involve the increase in the total farm area of the
Vlierhof EV. This would take away some of the recreational and camping areas which already
provide some income. Furthermore, the larger the farm area, the more labor is required. This
could be a challenge because EV residents have already occupations within the EV therefore,
labor is limited. In the interviews, community members argued that if more labor would be
required in the garden they could recruit volunteers to provide labor in the garden. Recruiting
volunteers would not require money however, these volunteers would consume extra food
during their stay at the EV. Therefore, recruiting volunteers for garden labor would be a tradeoff situation.

4.3 Re(Design) through the participatory approach
I offered to the Vlierhof EV residents the opportunity to help them create a new garden
design, that would meet their social demands and provide ESS and FSS at the same time. The
community members of the Vlierhof EV received the idea well and decided to take the lead in
its execution. Therefore, the community decided first to create a proposal of the new garden
plan which then would be presented to the entire community for discussion. According to the
plan, the community members organized a meeting to create a proposal for the new garden
plan. I participated in the meeting, to guide the discussion and give advice based on the results
of the multi-objective optimizations. In the meeting, several garden-related topics came up
which created tension and disagreement between the EV residents. Therefore, the proposal
creation attempt did not yield any tangible results. The disagreement persisted even after the
meeting which hampered the creation of the new garden plan. The disagreement between the
community members was surprising because during the interviews they expressed very similar
aims and goals in relation to the EV’s garden. Although their aims and goals were similar, the
way how to achieve them was different.
As an additional step, I interviewed the EV residents and asked for feedback about the
research itself. During the interviews, I asked the community members how they perceived the
research overall, interviewing, results and my presence in their community. The answers were
surprisingly diverse. Some of the EV residents found the assessment of the nutritional
adequacy very useful, others were inspired by the idea of introducing cash crops to the garden,
some were concerned about the limitations of the whole-farm model, and some were skeptical
about the credibility of the FarmDESIGN model at all.
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This feedback is very valuable because it reflects on the strong and weak points of this
research and can be used in the future to design improved research for studying ESS and FSS
of EVs and help them create feasible farm designs.

4.4 Study limitations
The research had its weak points and limitations too. One of these limitations was the lack
of processed food products in the assessment of FSS. Processed food has an altered nutritional
value compared to raw food products; therefore, such food products should have been added
separately to the model EV in FarmDESIGN, which would have increased the complexity of the
data collection and the interpretation of results.
Food products originating from outside of the community were not included in the wholefarm model either. The reason for this was the added complexity that would come with
external food products and the deficient data of the bought-in food products.
The Vlierhof EV has other income sources such as the bed-and-breakfast, rental of the
seminar house and occasional activities. However, the income of these activities was not
included in the calculation of ESS levels. The reason for this was to keep the focus exclusively
on the current performance of EV’s garden and to explore its nutritional and economic
potential.

4.5 Comparison with other studies
Other studies which investigated EVs from the perspective of natural sciences had
different approaches and focused on other aspects of EV’s than ESS and/or FSS (Bissolotti et
al. 2006; Brown 2004; Dowling 2007; Irrgang 2005; Mayerhofer, 2009; Råberg 2007; Simon,
2004; Tinsley & George 2006). Therefore, it would be inappropriate to compare this research
with other works that did not study these aspects.

4.6 Contribution to fill the knowledge gap
The introduction of the whole-farm modeling approach to the field of EV research was a
novel step in studying EVs from the point of view of agricultural systems research. This new
perspective was able to provide insight into the agricultural, economic and nutritional
performance of the Vlierhof EV. Using the FarmDESIGN whole-farm model, I was able to assess
the ESS and FSS levels of the Vlierhof EV and do an ex-ante scenario analysis to discover tradeoffs and synergies between the objectives of dietary energy deviation, protein deviation, and
operating profit. Furthermore, with this approach, I could investigate hundreds of alternative
farm setups to find the most suitable garden design which would provide ESS and FSS for the
Vlierhof EV. Although none of the alternative farm configurations could provide ESS and FSS at
the same time, some of them showed promising results. These results are the outcome of the
Pareto-based multi-objective optimization applied to a simplified version of the Vlierhof EV’s
household and garden. Therefore, they present a simplification of reality, however, just as in
the case of smallholder farms, it can give a good indication of how the reality could look if the
choices made by the evolutionary algorithm of FarmDESIGN would be implemented (CortezArriola et al., 2016; Ditzler et al., 2019; Estrada Carmona et al., 2019; Flores-Sánchez et al.,
2015; Michalscheck et al., 2018; Timler et al., 2017). This research method and its results gave
an insight into the ESS and FSS of the Vlierhof case study EV which can be considered a new
step in the field of EV research. Although it is only one step, it can contribute to strengthen the
foundations of the natural sciences EV research and show a new perspective of how other EVs
could be studied in the future.
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4.7 Recommendations for improvement
Although this method was adapted from the field of agricultural systems research where
it has been developed and mastered to a high level, it would still require some adjustments to
make it more suitable to use it in EV research.
First, EV’s are formed through locally owned participatory approaches (Global Ecovillage
Network, n.d.) which shape them according to the best knowledge and imagination of their
creators and residents. Because of this, EV residents are highly invested in their communities.
To convince them about the benefits of such research for their EV, community members
should be involved through participatory research approaches. In this study, I interviewed
community members of the Vlierhof EV to learn about their aims and goals and be able to
create redesign plans for their garden. However, even though I followed their ideas in creating
these redesigns, community members themselves might have had created completely
different plans which then could have been investigated with the FarmDESIGN whole-farm
model. Therefore, involving EV residents in such research could help to gain the trust of their
community and eventually might implement a new farm setup that the EV residents created
with the guidance of the researcher.

5 Conclusions
The whole farm modeling approach has been demonstrated in this article, using the
Vlierhof case study. Based on this it can be concluded that this approach is applicable to study
the agricultural performance, economic productivity, and the nutritional adequacy of EVs.
Clearly, not every EV that grows (part of) its own food should aim to achieve complete ESS
and/or FSS. This would be mainly determined by the EVs’ geographical location, climate
conditions, type (traditional, rural or urban), and aims and goals. However, FarmDESIGN can
be used to calculate off-farm balances too, therefore, it could be applied in EVs where the
community does not produce its own food.
Furthermore, FarmDESIGN could also be used to study ecological and social indicators in
addition to evaluating and optimizing economic and nutritional indicators. This would allow to
thoroughly investigate EVs performance and compliance with sustainability indicators. Such
results could provide the necessary knowledge to (re)design modern, sustainable and selfsufficient EVs that would be prepared for the environmental, economic and social challenges
of the future.
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Appendix
Table 1. List of exploration variables, objectives, and constraints used for the multi-objective optimization in
scenarios A, B, and C.
Original
Objectives
Dietary Energy Deviation (%)
Protein Deviation (%)
Operating Profit (€/year)
Decision Variables
Apple tree Area (ha)
Arugula Area (ha)
Aubergine Area (ha)
Basil Area (ha)
Black currant Area (ha)
Borlotti beans Area (ha)
Broccoli Area (ha)
Brussels sprouts Area (ha)
Carrot Area (ha)
Celery Area (ha)
Chard Area (ha)
Cherry tree Area (ha)
Coriander Area (ha)
Cucumber Area (ha)
Dill Area (ha)
Elderberry tree Area (ha)
Endive Area (ha)
Garlic Area (ha)
Gooseberry Area (ha)
Green beans Area (ha)
Green peas Area (ha)
Incaberry Area (ha)
Jalapeno Area (ha)
Kale Area (ha)
Kidney beans Area (ha)
Kohlrabi Area (ha)
Leek Area (ha)
Lettuce Area (ha)
Melon Area (ha)
Onion Area (ha)
Paksoi Area (ha)
Parsley Area (ha)
Parsnip Area (ha)
Peach tree Area (ha)
Pear tree Area (ha)
Plum tree Area (ha)
Pointed cabbage Area (ha)
Potato Area (ha)
Pumpkin Area (ha)
Quince tree Area (ha)
Radish Area (ha)
Red & White currant Area (ha)
Red beets Area (ha)
Red cabbage Area (ha)
Rosemary Area (ha)
Spearmint Area (ha)
Spinach Area (ha)
Spring onions Area (ha)
Squash Area (ha)
Strawberry Area (ha)

Scenario A
Min

-82
-76
10064

-

0.0020
0.0020
0.0001
0.0003
0.0017
0.0047
0.0035
0.0188
0
0.0012
0.0235
0
0.0020
0
0.0050
0.0003
0.0047
0.0003
0.0150
0
0.0020
0.0001
0.0035
0.0020
0.0047
0.0094
0.0008
0.0031
0.0100
0.0008
0.0001
0
0.0050
0.0085
0.0047
0.0377
0.0240
0.0020
0
0.0003
0.0094
0.0071
0
0.0002
0.0005
0.0003
0.0095
0.0005

-

Max

Original

✓
✓
✓

0
0
0
0
0
0
0
0
0
0

-

0.100
0.445
0.100
0.020
0.445
0.445
0.445
0.445
0.100
0.445
-

0
0
0
-

0.100
0.445
0.100
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-

0.445
0.445
0.020
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.100
0.445
-

0
0
0
-

0.445
0.200
0.445
-

0
0
0
0
0
0
0
0
0
0

0.445
0.020
0.445
0.445
0.100
0.100
0.445
0.445
0.445
0.020

Scenario B
Min

-64
-28
15501

-

0.0020
0.0020
0.0001
0.0003
0.0017
0.0047
0.0035
0.0188
0
0.0012
0.0235
0.0000
0.0020
0
0.0050
0.0003
0.0047
0.0003
0.0150
0
0.0020
0.0001
0.0035
0.0020
0.0047
0.0094
0.0008
0.0031
0.0100
0.0008
0.0001
0
0.0050
0.0085
0.0047
0.0377
0.0240
0.0020
0
0.0003
0.0094
0.0071
0
0.0002
0.0005
0.0003
0.0095
0.0005

-

Max
✓
✓
✓

0
0
0
0
0
0
0
0
0
0

-

0.100
0.445
0.100
0.020
0.445
0.445
0.445
0.445
0.100
0.445
-

0
0
0
-

0.100
0.445
0.100
-

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
-

0.445
0.445
0.020
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.445
0.100
0.445
-

0
0
0
-

0.445
0.200
0.445
-

0
0
0
0
0
0
0
0
0
0

0.445
0.020
0.445
0.445
0.100
0.100
0.445
0.445
0.445
0.020

Original
-64
-28
15501
0
0.0020
0.0020
0.0001
0.0003
0.0017
0.0047
0.0035
0.0188
0
0.0012
0.0235
0
0.0020
0
0.0050
0.0003
0.0047
0.0003
0.0150
0
0.0020
0.0001
0.0035
0.0020
0.0047
0.0094
0.0008
0.0031
0.0100
0.0008
0.0001
0
0
0.0050
0.0085
0.0047
0.0377
0.0240
0.0020
0
0.0003
0.0094
0.0071
0
0.0002
0.0005
0.0003
0.0095
0.0005

Scenario C
Min

Max

-

✓
✓
✓

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Table 1. CONTINUATION – List of exploration variables, objectives, and constraints used for the multi-objective
optimization in scenarios A, B, and C.
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0.40
0.10
0.55
0.10
0.05
0.55
0.55
0.55
0.55
0.10
0.55
0.40
0.10
0.55
0.10
0.40
0.55
0.55
0.05
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.55
0.10
0.55
0.40
0.40
0.40
0.55
0.25
0.55
0.40
0.55
0.05
0.55
0.55
0.10
0.10
0.55
0.55
0.55
0.05

Original
Objectives
Sugar maize Area (ha)
Sugar snap peas Area (ha)
Sweet pepper Area (ha)
Thyme Area (ha)
Tomato Area (ha)
Watermelon Area (ha)
Walnut tree Area (ha)
White cabbage Area (ha)
Winter purslane Area (ha)
Zucchini Area (ha)
Pasture Area (ha)
Chickens (nr. of animals)
Goats (nr. of animals)
Cereals to Animals (kg)
Legumes to Animals (kg)
Chiken mash (kg)
Straw (kg)
Constraints
Total Farm Area (ha)
Crops Area (ha)
Food Forest Area (ha)
Fruiting trees Area (ha)
Pasture Area (ha)
Grazing Period Deviation EDM
Grazing Period Deviation TDN (unit)
GrazingPeriod.Deviation CP (unit)
NonGrazingPeriod.Deviation EDM (unit)
NonGrazingPeriod.Deviation TDN (unit)
NonGrazingPeriod.Deviation CO (unit)
Exploration Parameters
Amplitude (F)
Probability (CR)
Number of solutions
Number of iterations

0.0330
0.0008
0.0003
0
0.0030
0
0.0160
0.0071
0.0005
0.0094
-

Scenario A
Min

Max

0
0
0
0
0
0
-

Original

0.445
0.445
0.445
0.100
0.100
0.445
-

0
0
0
-

0.445
0.445
0.445
-

0.0330
0.0008
0.0003
0
0.0030
0
0.0160
0.0071
0.0005
0.0094
1
20
5
2000
750
350
2000

0.3364
0.2750
0.0014
-

-

-

1.3364
0.275
0.0014
1
-65.2
4.6
18.6
-65.6
4.7
1.1

0.15
0.85
500
3000

-

-

0.15
0.85
500
3000

0
0
0

1
0.445
0.020
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Scenario B
Min

Max

0
0
0
0
0
0
-

0.445
0.445
0.445
0.100
0.100
0.445
-

0
0
0
0
0
0
0
0
0
0

0.445
0.445
0.445
1
50
10
10000
10000
5000
10000

0
0
0

2
0.445
0.02

-

0
-999
-5
0
-999
-5
-10

-

Original

1
0
5
30
0
5
30
-

Scenario C
Min

Max

0.0330
0.0008
0.0003
0
0.0030
0
0.0160
0.0071
0.0005
0.0094
1
20
5
2000
750
350
2000

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0.55
0.55
0.55
0.10
0.55
0.90
0.40
0.55
0.55
0.55
1
50
10
10000
10000
5000
10000

1.3364
0.2750
0.0014
0.06
1
-65.2
4.6
18.6
-65.6
4.7
1.1

0
0
0
0
0
-999
-5
0
-999
-5
-10

2
1
0.4
0.4
1
0
5
30
0
5
30

0.15
0.85
500
3000

-

-

Table 2. List of crops, crop yields and selling price of crop products used in FarmDESIGN for the redesign
scenarios A, B and C of the Vlierhof ecovillage’s garden plan.
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