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Abstract: Permaculture is a multifaceted, integrated, and ecologically harmonious method of designing human
centered landscapes. One of the key elements in planning permaculture systems is zone planning. In this
method, the locations of system elements are determined by two factors: (1) the number of times a human wants
to visit a plant, animal, or structure, which corresponds to using the element; (2) the number of imes a plant,
animal, or structure should be visited by a human, which corresponds to servicing the element. These criteria for
zone planning are fundamentally the same as the ones used for production system planning. In permaculture
system planning, the criterion is related to interactions between humans and environmental elements, while in
production systems, it is related to the number of interactions between system elements, such as machines or
structure objects. The goal of planning in production systems is also the same as in permaculture, i.e., the
determination of the most favorable spatial arrangement of the system elements. The goal of this study is to
present a possible application of one of the production planning optimization methods for permaculture, i.e., zone
planning. The optimization method—the Bloch-Schmigalla tiangular method is based on the material flow
according to the minimum transport distance criterion.
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PROJEKTIRANJE ZONA PERMAKULTURE METODOM TROKUTA

Sazetak: Permakultura je viSeslojna, integralna i ekoloSki skladna metoda oblikovanja krajolika, kojoj je u sredistu
Covijek. Jedan od kljuénih elemenata u projektiranju permakulturnih sustava jest odredivanje zona. Odredivanje
zona je metoda kojom se odreduje lokacija elemenata sustava na temelju dvaju kriterija: (1) koliko puta Covjek
treba posjetiti neku biljku, zivotinju ili gradevinu, Sto se smatra koriStenjem elemenata;(2) koliko puta biljka,
Zivotinja ili gradevina treba biti posjeena od strane Covjeka, $to se smatra odrZavanjem elemenata. Kriteriji
odredivanja zona su fundamentaino jednaki kriterijima koristenim u projekfiranju proizvodnih sustava. U
projektiranju permakulturnih sustava kriterij je povezan s interakcijom izmedu Covjeka i elemenata sustava, dok je
pri projektiranju proizvodnih sustava kriterij broj interakcija izmedu razlicih elemenata proizvodnog sustava, kao
Sto su strojevi ili gradevinski objekti. Projektiranje proizvodnih sustava ima isti cilj kao i prermakulturno
projektiranje, a to je odredivanje najpovoljniieg prostornog rasporeda elemenata sustava. Svrha ovoga rada je
prikazati moguénost primjene jedne od optimizacijskih metoda projektiranja proizvodnih sustava u permakulturi za
odredivanje permakulturnih zona. Metoda optimizaciie — Bloch-Schmigalla metoda trokuta, zasniva se na toku
materijala prema kriteriju minimalne transportne udaljenost.

Kljuéne rijeci: permakultura; odredivanje zona; projektiranje proizvodnih sustava; tok materijala; metoda trokuta
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1 INTRODUCTION

Permaculture design is a concept that aims at fransforming not only agriculture, but also the entire human habitat
involving city planning, architecture, development, etc. [1]. Concisely, permaculture (‘permanent agriculture” or
‘permanent culture’) is a method for designing agricultural landscapes and sustainable human communities
(societies) by simulating or direclly ufilizing patterns perceived in natural ecosystems. The goal is that the
designed system is close to being self-sustainable and harmonious as is a natural ecosystem, and serves human
and societal needs. Permaculture is based on 3 core tenets and 12 principles [2] as presented in Figure 1.
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Figure 1 Permaculture core tenets and principles

The fact that ethics and principles of permaculture perfectly comply or coincide with the UN goals for achieving
sustainable development in the 21st century shows that permaculture is and will be a big part of the future
development of society. One way of describing the way of thinking in permaculture is through the philosophy of
Masanobu Fukuoka, one of the “five giant personalies” who inspired the movement of sustainable agricultural
and organic farming. The philosophy is to work with, rather than against nature, to act through thoughtful
observation rather than thoughtless labor, and to perceive plants and animals in all their functions, rather than
treating them as a single-product system [3]. The reason why permaculture is lacking modern scientific methods
can be perceived through this philosophy. Permaculture strives to look at natural ecosystems through a holistic
approach and then simulating or ufilizing observed patterns, whereas, scientific methods have an analytical
approach. An analytical approach breaks down natural ecosystems into fragments that are analyzed individually,
and subsequently, broad generalizations about the whole system are made. Fukuoka stated that obtaining
knowledge and understanding natural systems through in this manner is fragmented and incomplete because no
matter how many incomplete fragments are collected, they can never form a complete whole. In other words,
humans can never perceive the numerous relationships between an endless chain of cause and effect, which
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form a natural phenomenon [4]. The knowledge gained from permaculture is not scientifically derived from system
theories, rather, it is axiomatic, practical, and visual knowledge gained through osmosis [1, 2]. Although the
knowledge is obtained from nature and there is a lack of scientific methods, Mollison [5] created a method for
arranging the elements of the permaculture system, namely the zoning method. This arrangement depends on
the quantity of interaction between humans and system elements. Based on the interactions between humans
and system elements and between system elements themselves, Mollison [5] divided the system info subsystems
called zones. The criteria were derived from nature with the goal of making a system that serves human or
community needs in an efficient and sustainable manner, but the method lacks an algorithm that can provide a
firm set of rules for the arrangement of the system elements.

Production system planning is a special engineering activity that integrates different technical and non-
technical knowledge and activites for efficient realization and operation of the production system. Unlike
permaculture planning, the activiies of production system planning use methods that contain algoritims with a
firm set of rules to create an optimal layout of the system elements. Mollison [5] took the first step in defining an
arrangement for elements and gave the criterion for the division of elements into zones, which can be the first
step in the algorithmization of the method.

The main task in every production planning process is creating an optimized facility layout. The planning
processes are sfructured and organized according to different methods and strategies that split the whole process
into multiple steps. One of the steps is the creation of a facility layout with an optimized material flow [6]. In
literature, the problem of creafing a valid material flow system is called a facility layout problem (FLP), and it can
be described mathematically by the following formula [7]:

TT = 222123}:1 bk} Xskj X tkj = mln; k,] = 1, 2, ey, n (1)

where

n: number of system elements

Tr. fotal transport cost

by: material flow intensity between system elements k and j

Si: distance between system elements k and |

ty: transport cost between system elements kand |

FLPs have a major impact on manufacturing costs, lead tme, and productivity. A good arrangement of
elements confributes significantly to the overall efficiency and reduction of operating costs. Because layout
problems are usually complex and they have to deal with various considerations, they are generally considered
as NP-hard problems [8]. Although this problem is classified as NP-hard, which requires a heuristic approach,
some authors attempt to solve it optimally, as presented by Driara et al. [9], using various branch and bound
algorithms [10, 11].

Because exact approaches are not suitable for large size problems, numerous researchers have developed
heuristic and metaheuristic methods for solving the FLP [9]. Heurisic methods are capable of finding good
solutions that can be optimal, but there is no valid technique to determine the deviation of the proposed solutions
from the optimal ones. However, a ranking of the proposed solutions from better to worse can be determined by
drawing comparisons between them. Heuristic approaches can be based on building or improving procedures
[12]. Improving procedures are based on an initial system layout, random or existing. The basic improvement
principle is to replace the location of at least two system elements to improve the existing goal function value. The
procedure is repeated long enough to improve the goal function by replacing the location of system elements.
Building procedures are based on algorithms for assigning system elements to the planning surface, varying their
possible location in relation to the assigned elements, and choosing the position that results in the smallest partal
value of the goal function.

Metaheuristic approaches can also be used when addressing the FLP. Some authors use local search
methods (tabu search and simulated annealing), evolutionary approaches (genetic and ant colony algorithms), or
a hybridization of different metaheuristic algorithms as presented by Driara et al. [9].

In this study, the possible application of a heuristic design method that contains a firm set of rules
(algorithm) is presented. The algorithm is required for a faster and an unambiguous element positioning with the
goal of a simpler permaculture system design.
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2 MATERIALS AND METHODS

The goal of production system optimization methods is to create an optimal layout of the elements based on their
interactions, usually by minimizing the ftransport distance. Currently, there are many methods to minimize the
transport distance, such as systematic layout planning, pairwise exchange method, graph based theory,
dimensionless block diagram, fotal closeness rafing, Bloch-Schmigalla friangular method, etc. [13].

In this study, the Bloch-Schmigalla tiangular method (also known as the modified triangular method or
Schmigalla method) is used for permaculture zone planning. The Bloch-Schmigalla friangular method belongs to
the heuristic (building) type of layout planning methods. The reason for using a heuristic method is the potential
complexity of the FLP problem, which may occur in future practical applicatons of the method on real
permaculture farms with many system elements and complex material flows inside and outside permaculture
zones. The goal is to achieve an optimal system layout, and this can be fulflled by positioning the system
elements based on the criteria related to material flow. The first criterion is based on the material flow direction
(ensuring a linear material flow direction if possible). The second criterion is the minimizaton of the transport
distance between the system elements, thereby minimizing the total transport intensity [12].

This method was primarily used for planning production systems consisting of interconnected system
elements using the model with an unlimited choice of location. Data used for the method implementation was
obtained through permaculture literature analysis [5, 14]. The obtained data was analyzed based on the principles
of the Bloch-Schmigalla triangular method. Another reason for using the Bloch-Schmigalla friangular method is
that, according to zone planning, this method uses the same criterion for element arrangement (transport
distance) and the unlimited choices of locations theorefically comply with the landscape layouts.

The triangular method was developed by Bloch in 1950 [7]. The goal of this method is the arrangement of
the system elements based on the criterion of minimum transport distance. The main principles of the friangular
method are [12]:

« If a connection (by transport) between two system elements is required, the optimal arrangement is to set
them in the terminal positions of a base line

+ If a connection between three elements is required, the optimal arrangement is to place them at the
vertices of an equilateral triangle

« If there is a fourth element in the system, it can be placed on any of the three possible locations of the
adjacent equilateral triangles (which result in minimum transport cost), and so on.

The disadvantage of this method is that it does not indicate which pair of elements is to be placed first in the
triangular mesh. Schmigalla improved Bloch’s method by adding the goal function of minimum transport output as
[15]:
fo = Zk=12j=1bij X spj > min; k,j=1,2,..,n 2

where

n: number of system elements

by material flow intensity (number of fransports) between system elements k and j

si. distance between system elements k and j measured by the number of friangular line segments such
that
skj =58 k,j=12,..n. (3)

The other restriction is that one system element can be placed only at one location and vice versa.

This goal function is similar to the goal function of equation (1) with the difference that the transport cost is
neglected. This is because of the assumption that the transport costs will not influence the optimization result as
the total transport cost within the system elements is the same (that can be achieved by using the same transport
means) [7]. Authors' assumption regarding permaculture is the same, i.e., transport cost within the permaculture
farm can be neglected because it is unlikely that humans in the farm will use different transportation means with
varying transport costs.

Material flow intensity is expressed by the number of transports between the elements in the planning
period (generally one year). The method starts with the determinaton of the material flow between system
elements, which is usually represented by the material flow intensity matrix;

B® = [b,(gj]n; k,j=1,2,..mn. (4)
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Each system element can be either the source or destination of the transport. Hence, matrix BO is always
quadratic. Elements on the main diagonal are always zero because the ftransport within a system element is
always neglected.
by =0; k=1,2,..,n. (5)

Because the Bloch-Schmigalla triangular method considers only the fransport intensity and not its direction,
a nonoriented mafrix of material flow needs to be created. The nonoriented matrix B is made when all the
elements above the main diagonal are summed up with the elements positioned symmetrically beneath the main
diagonal.

B = [bkj]n; k,j=12,..,n (6)
by; = b,gj +bj‘}< = 0. (7)

The second point of this method is the placement of the elements in a friangular mesh. The starting
hypothesis of the improved method is that a minimum fransport oufput will be achieved if the first two system
elements that are set next to each other, in the friangular mesh, are the elements with the largest material flow
between them. If there are more than two elements with the same material flow, then the criterion based on
number of connections is applied (if there still exists more than one pair of elements, then a random pair will be
selected). The element that has the highest material flow with the first pair is selected next and placed in the
triangular network (creating a friangle with the first pair of elements). The element with the highest cumulative
material flow between the selected and nonselected workstations is selected next and placed in the friangular
mesh next to the pair with which it has the highest material flow. This step is repeated until all the elements are
posiioned in the triangular mesh. The final stage of the method is the calculation of the goal function by applying
equation (2).

One of the major drawbacks of this method is its implementaton on a real layout with real distances
between the elements. The choice of a potential location is unlimited and the elements can be placed anywhere
in a friangular mesh such that they are at unit distances. Unit distances means that the distances between
adjacent locations are equal, but the method can be modified with real distances for analyzing an existing layout
such as the one presented by Belic et al. [16]. They presented an optimization process of a plant layout used for
the production of special transformers using the Bloch-Schmigalla friangular method. Subsequenty, they
calculated the minimum fransport oufput based on the unit distance of the element and then recalculated the
transport output considering real distances between the system elements, and some system limitations. The
triangular method is often combined with other methods for a faster and easier technique to find optimal solutions
for the layout of the system elements considering the following limitations of the method [17]: it does not consider
the workplace; it assumes that the distances between neighboring locations are equal; the cost per transport
distance between locations is a constant; and calculations with more than 10 workstations becomes complex and
time consuming. There is also a potential possibility of improving the method results by combining the method
with software such as visTABLE, which was presented by Banduka et al. [18].

3 RESULTS AND DISCUSSION

In a permaculture landscape design, the zone planning method is used to determine the layout of the elements at
a location. The location of an element depends on its regularity of use and maintenance.

Mollison [5] determined that a zone arrangement (distances from center) is decided based on two factors:
the number of imes a human wants to visit a plant, animal, or structure, and the number of imes a plant, animal,
or structure should be visited by a human. Typically, zones are numbered from 0 to 5, and can be visualized as a
series of concentric circles (Figure 2).
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ZONE 5
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—

Figure 2 Permaculture zone visualization

Zone 0 is a house or village. This is the place where humans live and spend most of their ime. Zone 1 must
be nearest to Zone 0 (the house). Elements in Zone 1 require frequent attention. Zone 2 should be closely
integrated with Zone 1 and 0. This zone is visited often (once a day), but does not require as much attention as
required by Zone 1. Zone 3 is the area where the main crops are grown both for domestic use and trade
purposes. After establishing the zone elements, care and maintenance required is minimal. Zone 4 is a semi-wild
area. This is the area bordering the forest or wilderness, where humans still practice wild gathering, meet the fuel
demands of the household, pasture, or range, and plant frees. Zone 5 is a wild area. No human intervention is
required. This zone is used for observatory purposes [14].

Table 1 presents the list of elements, number of visits, and representative element for each zone. Because
zone borders are not strict (especially for Zone 1 and 2), zone elements can be in different zones for different
authors. The most common type of element arrangement is shown in Table 1.

Table 1 Zones and elements
Zone Elements Times visited (average) Representative
0 House Constantly House
Annual garden, herbs
1 and medical plants,
compostbin for
kitchen waste, etc.
Chicken coop,
beehive, compost,

Few times a day Annual Garden

2 oigs, milk cows, ducks, Once a day Chicken coop
rabbits, etc.
Crops for market
(corn, wheat, efc.), Crops for market
3 domestic grain Once aweek (corn)
cultivation
4 Grazing animals, nut Once amonth Nut tree
trees, oak trees, etc.
5 Undisturbed wildness Only for observation Undisturbed wildness

In the Block-Schmigalla method, a matrix is generated based on material fiow. In the material low analysis,
the direction and number of transports per planning period is crucial. In zoning, this number equals the number of
mes a human wants to go to the zone for using or servicing system elements. Based on representative
elements, the number of fransports is determined. For a chicken coop, the number of transports was determined
by Mollison [5], whereas that for the other zones was approximated or determined based on experience. The
material flow is shown in Figure 3.
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Figure 3 Material flow

Based on the representative element for each zone, a nonoriented matrix of material fiow is generated. The
matrix and calculation for determining the element posiion are presented in Table 2. The numbers in the table
represent the number of visits per year. The criterion of the original zoning method [5] was based on the number
of imes a human wants fo visit a zone (or system element). Hence, in this first part of the analysis, only the
material flow from Zone 0 to the other zones is considered.

Table 2 Material flow matrix and element position calculation

From/To 0 1 2 3 4 5
0 600 50 15
1
2
3
4
5
0 X 460 50 15 0
1 X 0 0 0 0
p3 460 50 15 0
2 X 0 0 0
p3 50 15 0
3 X 0 0
p3 15 0
4 X 0
p3 0
5 X

The next step is to position the elements in a triangular mesh. The first two elements (0 and 1) positioned in
the mesh will be those with the highest material flow between them. The third element (2), together with the first
two, will be placed at the vertices of an equilateral friangle. The fourth element can be placed at any of the
vertices adjacent to element 0 (three possible solutions), thereby leaving more than one solution for placing the
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fith element. This problem occurs because the matrix in Table 2 considers only the connections from Zone 0 fo
the other zones and not from any other zone. Hence, the matrix has data only in the first row. This data is not
sufiicient to place all the elements in a mesh of equilateral triangles in an acceptable manner.

To solve this problem and include the connections from other zones, a qualitative relaion matrix is
generated and presented in Table 3, which considers harmonious relatons between components and
subsystems.

A= [aij]n; i,j=12..,n 8)
where

_ {1 if there is connection between element i and j
%ij = 10 if there is no connection between element i and j

Elements on the main diagonal are always zero because an element cannot be connected with itself.
a;; = 0, i= 1,2, e, N (10)

The qualitative relation matrix generation was a deviation from the original method, and this was realized to
comply with Mollison's [5] rules for a division of elements between zones; and to gather more data regarding
harmonious relations between components and subsystems, which may not be direcly related to human impact.
The relations between Zone 1 and 2 are that of fertilization, and control of insects and weeds. Chickens forage
and turn the soil, which helps to aerate it, and defecate on it, making it more fertile. Chickens also eat insects and
weeds, thereby helping to control their numbers. The relation between Zone 2 and 3 is that of spreading manure
from Zone 2 (the chicken coop) to Zone 3 (the cornfield). The relation between Zone 3 and 4 is that of a big
storage house where the main crops and nuts are stored until they are used or sold. It also stores farming tools
and machines required by Zone 3 and 4, respectively.

©)

Table 3 Qualitative relation matrix

From/To

Based on the given matrices, a friangular mesh element layout is generated and presented in Figure 4. All
elements should be connected to Zone 0; Zone 3 should be near Zone 2; and Zone 4 near Zone 3. Zone 5 is a

separate element.
S T

/-i\

Figure 4 Triangular mesh
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4 CONCLUSIONS

This study presented a possible application of an optimization method for permaculture. The methods chosen for
comparison were zone planning and the Bloch-Schmigalla friangular method. Based on the material flow analysis
between the representative elements (one element represented each zone) and based on the harmonious
relations between the elements, the locations of the zones on a tiangular mesh were determined. The Bloch-
Schmigalla triangular method was modified by applying a qualitative relation matrix to comply with Mollison's zone
division concept The goal functon was not calculated because this study was theorefical. Goal function
calculation is more suitable for case studies, where it can provide a feedback to improve the system layout The
method applied is heuristc and as such is similar to the permaculture nature model, where an optimal system
model with human interaction is difficult to achieve and measure, but it is a goal permaculture strives to achieve.
Models obtained from the Bloch-Schmigalla method ofien do not fit perfectly on real layouts. Hence, instead of
using this method on real farms, some adjustments related to the features of the real landscape (topological and
other features) would be required. Based on the limitations and features of the real layouts, and considering the
permaculture core tenets and principles, occasionally, the “wedges” of a wilderness zone can even be close to a
human habitat. Zone planning method is just one of the methods of permaculture design, and it gives a
theoretical layout of the system elements and an in-depth layout design considering other factors such as water
availability, wind activity, sun energy, soil quality, efc. For future research, the next logical step will be the analysis
of a real permaculture farm considering all relations between the elements (in and between the zones) to create
an optimal layout using one of the many mult-agent planning methods to fulfil all the criteria for designing a
complete permaculture harmonious system. A qualitative relaton matrix, which leads to a deviation from the
original Bloch-Schmigalla method, should be considered during the planning of a real permaculture farm because
it shows harmonious relations between the system elements, which may or may not be related to human behavior
(potentially difficult to measure quantitatively). The determination of real material flow intensites will also be a
challenging task because of the varying seasonal requirements for servicing and using different plants, animals,
and sftructures; and differences in caring for plants at difierent stages of growth, such as sprouted, fully grown,
efc. The analysis of a real permaculture farm can be deeper than the one presented in this study, because of
deeper insights into the relaions (material flows) between locations. However, the determinaton and
quantification of processes within a farm could potentially be complex and ime consuming.
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