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Abstract. Every day we are surrounded, and we enter in contact with tens or maybe even
hundreds of objects, whether they serve us as tools in carrying out certain activities, or whether
they have a purely decorative role, they are part of our lives and have become indispensable to
humanity. But how many times have we thought about the fact that these objects are based on
simple geometries or intersections of geometric bodies that together make up an assembly which,
later can be built and used for its designed purpose. This article aims to analyse the mechanical
behaviour of the pentagonal cupola when applying static loads, considering several geometric
filling patterns, but also the empty and the full structure of the polyhedron.

Keywords: pentagonal cupola, Johnson solids, static simulation, geometric pattern
1. Introduction

There are a multitude of polyhedra that have been described over time and that are part of the
construction of certain structures, objects or mechanical parts, each having particularities related to the
typology of geometric two-dimensional shapes used as their basis (triangle, square, pentagon, hexagon,
octagon, etc.) or the angle formed by the intersection of these geometric shapes at the vertex which can
determine whether a polyhedron is convex or not. These polyhedra were categorized according to their
geometric function, but also according to the personalities who contributed to the foundations of
geometry as we know it today, thus, this is how Archimedean polyhedra [1], Platonic polyhedra or
Johnson polyhedra appeared.

The polyhedra that are part of the category of Johnson polyhedra are geometries that contain a
combination of regular polygonal faces, with the condition that the polyhedron is convex, so it does not
imply the use of the same polygons as faces of the polyhedron like the Platonic polyhedra (tetrahedron,
cube, icosahedron, dodecahedron etc.) [2]. Norman Johnson described a series of 92 convex polyhedra
with regular polygonal faces dividing them into families and categories according to geometric
characteristics (pyramids, cupola and rotundas) [3, 4]. The vast majority of the polyhedra described by
Johnson are generated together with Archimedean, Platonic polyhedra or by using antiprisms or prisms,
but they are formed based on precise descriptive formulas.

Depending on their shape, the cupola can serve in the construction of various objects or structures,
whether is the cupola of a building, or urban furniture for children's play spaces, decorative objects or
even their integration into the structure of geodesic domes.
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One such geometry that was studied in this article is the pentagonal cupola (Js), which is part of the
category of Johnson's solids and is built from a pentagon, a decagon and five equilateral triangles,
respectively five squares [3]. We can also obtain the pentagonal cupola by sectioning a

rhombicosidodecahedron, an Archimedean solid.

a. b.
Figure 1. Pentagonal cupola. a. Pentagonal cupola net; b. Views of the pentagonal cupola.

The pentagonal cupola contains 15 vertices and 25 edges, that can be characterized according to the
sphere radius in which it can be circumscribed, and the edge length used in polyhedron construction.
Thus, the following formulas are proposed for the pentagonal cupola [5, 6]:

e Circumscribing radius of the pentagonal cupola:

1
R_(E /11+4\/§>-l ~ 223291 (1)

Where | is the edge length of the polygons.

e Pentagonal cupola height:

5-+5
h= 10 -1 =0.5257-1 (2)

e Pentagonal cupola surface area:

A= G <20 +5V3 + J5(145 + 62\/3))) -1? = 16.5797 - I? @3)

e The volume of the pentagonal cupola:

1
V= (E' (5+ 4@)) P=2324-0 (4)

Thus, using the formulas described above, geometric characterizations of a pentagonal cupola can
be determined, which, we can later integrate, for example, into a geodesic dome type structure, and can

be also analysed in a virtual environment using simulations such as finite element analysis to determine
the weak points of the structure [7].




Journal of Research and Innovation for Sustainable Society (JRISS)
Volume 4, Issue 2, 2022

ISSN: 2668-0416

Thoth Publishing House

2. Methods used

In this study, it was decided to use a small-scale pentagonal cupola that can later be manufactured
using 3D printing equipment that provides printing beds of relatively small dimensions.

An edge of 50 mm was used for the polygons that are part of the pentagonal cupola construction.
With the help of this known size of the regular polygon edges, the following was determined: the
circumscription radius of ~ 111.6475 mm using formula (1); cupola height of ~ 26.2865 mm using
formula (2); the pentagonal cupola volume of ~ 290506.25 mm? using formula (4). This information is
useful in designing the pentagonal cupola and verifying its geometry.

2.1. Geometry generation

The geometry was generated with the help of Autodesk Inventor 2023 software, that allows the
generation of solid geometric models, and which contains an analysis module of CADs by performing
simulations based on the finite element method.

To design the polyhedron, in this case the decagon base was created first with a side of 50 mm, then
the height of the cupola was determined, creating a plane located at the calculated distance from the base
and sketching inside a pentagon with a side of 50 mm. One by one, the five triangular faces and the five
square faces of the cupola were built. Ten variants of the pentagonal cupola were made, the difference
between them being strictly related to the way of filling its volume. These are:

¢ Solid pentagonal cupola with full volume (Figure 2 a.);

¢ Hollow pentagonal cupola with a face thickness of 0.3 mm (Figure 2 b.);

e The pentagonal cupola filled with a circular pattern, starting from a circle with a diameter of 3 mm,
the radius of the pattern increasing progressively and being located at 0.5 mm distance from each
other, with a pattern wall thickness of 0.5 mm (Figure 2 c.);

¢ The pentagonal cupola with an ellipsoidal pattern, starting from an ellipse with a large diameter of
3 mm, the pattern increasing progressively and located at 0.5 mm from another, with a pattern
thickness of 0.5 mm (Figure 2 d.);

¢ The pentagonal cupola filled with a slot-type pattern, starting from a slot with a length of 5 mm and
width of 3 mm, the dimensions increasing progressively, with the distance between the pattern and
wall thickness of 0.5 mm (Figure 2 e.);

¢ The pentagonal cupola with a triangular pattern, starting from an equilateral triangle, having a side
of 3 mm and respecting the distance between the pattern and its thickness of 0.5 mm (Figure 2 f.);

e Pentagonal cupola with a rectangular pattern, starting from a square with a 3 mm side, a wall
thickness of 0.5 mm and an equidistant distance of 0.5 mm between the inside structures (Figure 2
g);

e The pentagonal cupola with a pentagonal pattern, starting from a pentagon, with a side of ~ 1.85
mm and a distance between the inside structures of 3 mm, respecting the offset rules of the pattern
mentioned previously (Figure 2 h.);

e The pentagonal cupola with a hexagonal pattern, starting from a hexagon with a side of ~ 1.73 mm
and with one of the distances between the sides of 3 mm, respecting the offset rules between the
inside structures described above (Figure 2 i.);

e The pentagonal cupola with a decagon pattern, based on a decagon with a 0.97 mm side and the
distance between the sides of 3 mm, respecting the offset rules described above in the other CAD
models (Figure 2 j.).
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The dimensions of the inside structure polygons and the distance between them were chosen in such
a way as to ensure a relatively uniform layout of the model in each case and trying to ensure a uniform
distribution of the filling percentage for each geometric model.

f. g. h. i. J.
Figure 2. Pentagonal cupola filling pattern. a. Solid cupola; b. Empty cupola; c. Circular pattern; d.
Ellipsoidal pattern; e. Slot-type pattern; f. Triangular pattern; g. Rectangular pattern; h. Pentagonal
pattern; i. Hexagonal pattern; j. Decagonal pattern.

2.2. The material used in the FEA study

For this study, the use of ABS (Acrylonitrile Butadiene Styrene) [8]plastic material was chosen to
use due to its popularity among additive manufacturing that uses the FDM (Fused Deposition Modeling)
method, being an easily accessible material and presenting a relatively low cost of purchase [9]. It has a
wide field of applicability, such as various components of household appliances, decorative elements
from the automotive industry, children’s toys, or various decorative elements, even interior furniture
[10]. The properties of the ABS used in the static simulations carried out in this study can be observed
in Table 1. It should also be specified that in this study, the material has a linear, isotropic, and
homogeneous behavior.

Table 1. ABS plastic material properties [Autodesk Inventor Material Library]

Mechanical Properties

Young’s Modulus 2.240 GPa
Poisson’s Ratio 0.38
Shear Modulus 805 MPa
Density 1.060 g/cm?
Strength Properties
Yield Strength 20 MPa
Tensile Strength  29.6 MPa

2.3. FEA boundary conditions

For the static simulations of all 3D pentagonal cupola models, the following boundary conditions
were established:
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o Fixture: the base of the pentagonal cupola was fixed (the decagon face, Figure 3 a.).

o Applied force: two typologies of forces, one of 500N and one of 2000N, were applied to all
generated CAD models to study the change in the mechanical behavior in both cases for all geometric
models. The force was applied perpendicular to the pentagonal face of the cupola, being uniformly
distributed over its entire surface (Figure 3 b.).

a. b.
Figure 3. Static simulation boundary conditions. a. Pentagonal cupola fixture; b. Direction and face
of the applied force.

For the mesh was used an average element size (fraction of model diameter) of 0.1, a minimum
element size (fraction of average size) of 0.2, a grading factor of 1.5, a maximum turn angle of 60°,
summarizing a high-quality mesh of the models used in this study.

3. Results

Following the simulation to which, a force of 500 N was applied, two predictable results can be
observed (Table 2), the solid pentagonal cupola which, presents the lowest Von Mises Stress value, and
the CAD model of the empty pentagonal cupola, with walls of 0.3 mm having the highest Von Mises
Stress value among all models. Analyzing the other patterns between these two extreme results, the
model with the infill pattern based on the ellipses had the following Von Mises Stress value after the
solid pentagonal cupola, followed by the triangle infill pattern, then the pentagon, hexagon pattern, circle
pattern, decagon pattern, square and slot-type pattern.

The displacement results can be classified starting from the lowest value obtained during the
application of the 500 N force (7able 2), as follows: solid model, then infill pattern ellipse, triangle
pattern, pentagon pattern, circle pattern, hexagon pattern, decagon pattern, square pattern, slot-type
pattern and finally the empty pentagonal cupola CAD model.

After analyzing the equivalent strain results, the following classification was obtained (7able 2),
starting from the lowest value: solid model, ellipse pattern, triangle pattern, pentagon pattern, hexagon
pattern, circle pattern, decagon pattern, square pattern, slot-type pattern and the empty model of the
pentagonal cupola.

In Figure 4 we can observe the graphic representation of the static simulation results following the
application of 500 N force on each analyzed pentagonal cupola CAD model.

Regarding the results of the static simulation of 2000 N force applied, the pentagonal cupola models
tend to follow the same behavior (7Table 3), as expected, the results of the values increased considerably
in all cases by approximately 4 times compared to the simulations performed with the applied force of
500 N.
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Circle Empty Solid

Ellipse

Pentagon Square Triangle  Slot-Type

Hexagon

Decagon

a.

Figure 4. Results of static simulation for 500 N load applied. a. Von Mises Stress results for all
types of infill pattern; b. Displacement results for all types of infill pattern; ¢. Equivalent Strain
results for all types of infill pattern.
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Figure 5. Results of static simulation for 2000 N load applied. a. Von Mises Stress results for all

types of infill pattern; b. Displacement results for all types of infill pattern; ¢. Equivalent Strain
results for all types of infill pattern.
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a. b. c.

Figure 6. Sectioned pentagonal cupola static results simulation for 2000 N load applied. a. Von
Mises Stress results for all types of infill pattern; b. Displacement results for all types of infill

pattern; ¢. Equivalent Strain results for all types of infill pattern.
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Table 2. Results of static simulation for 500 N load applied in case of all infill patterns

Von Mises Stress [MPa] Displacement [mm] Equivalent Strain [ul]

Pattern
Minimum  Maximum Minimum  Maximum  Minimum  Maximum

Solid 0.06 1.606 0 0.004858  2.499-10° 7.164-10*
Empty 0.00 1338 0 32.70000  0.000000  0.561400
Circle 0.00 24.39 0 0.046770  0.000000  0.010220
Ellipse  0.00 10.15 0 0.016850  0.000001  0.004248
Slot-Type 0.01 60.44 0 0.134500  0.000000  0.025560
Triangle 0.01 14.72 0 0.022580  0.000006  0.006154
Square  0.00 32.00 0 0.068560  0.000000  0.013440
Pentagon 0.01 15.32 0 0.033390  0.000005  0.006398
Hexagon 0.00 23.21 0 0.049870  0.000002  0.009668
Decagon 0.00 25.57 0 0.058590  0.000000  0.011070

In Figure 6, the CAD model sections are shown to visualize the simulation results for the 2000 N
force applied on the pentagonal cupola.

In Figure 7 a. the graphic evolution of Von Mises Stress results is presented in case of both
application forces, 500 N and 2000 N. The displacement results can be visualized in a graphic form in
Figure 7 b. and the equivalent strain results are represented graphically in Figure 7 c.

The biggest result gab can be seen at the empty CAD model of the pentagonal cupola, which, is built
only by the simple constant wall thickness of 0.3 mm, thus obtaining very high values of Von Mises
Stress results, and some displacements beyond the limit.

Table 3. Results of static simulation for 2000 N load applied in case of all infill patterns

Von Mises Stress [MPa] Displacement [mm] Equivalent Strain [ul]

Pattern
Minimum  Maximum Minimum  Maximum  Minimum  Maximum

Solid 0.242 6.423 0 0.01943 0.00010 0.002866
Empty 0.00 5350 0 130.800 0.00000 2.246000
Circle 0.01 97.56 0 0.18710 0.00001 0.040880
Ellipse  0.01 40.61 0 0.06738 0.00000 0.016990
Slot-Type 0.00 241.7 0 0.53790 0.00000 0.102300
Triangle 0.05 58.89 0 0.09033 0.00002 0.024620
Square  0.00 128.0 0 0.27430 0.00000 0.053770
Pentagon 0.04 61.26 0 0.13350 0.00002 0.025590
Hexagon 0.01 92.83 0 0.19950 0.00001 0.038670
Decagon 0.00 102.3 0 0.23440 0.00001 0.044290

13
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Figure 7. Graphic representation of the static simulation results for both loads a. Von Mises Stress
results; b. Displacement results; ¢. Equivalent Strain results.
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4. Conclusions

Although we often do not give importance, polyhedra and intersections of polyhedra are an integral
part of our lives in different forms, either as objects that surround us with a decorative or functional role,
or as metal structures like geodesic domes and not only. Observing the mechanical behaviour of the
pentagonal cupola in case of different filling patterns, gives us information that we can use, especially
when we choose this geometric shape to be manufactured by using 3D printing. Depending on the field
and the purpose of the designed shape, we can choose the infill pattern by considering the forces to
which it can be subjected.

Although the results of the static simulation were predictable regarding the solid model of the
pentagonal cupola by showing the best results in the case of both applied forces, a possible option if we
want to use less material, can be the ellipsoid pattern, but is worth noting that the triangular and
pentagonal filling patterns offered also better results compared to the other filling patterns used in this
study.

The choice of using a filling pattern in the case of additive manufacturing and a filling percentage as
low as possible reduces the amount of material used in the realization of a shape, the printing time and
implicitly the energy used to manufacture the part, but at the same time it decreases its resistance at
external loads.
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Sustainability as a pivotal point in packaging design.
Innovative oil packaging case study.
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Abstract. This paper aims to present a possible solution of reducing the quantity of waste
cooking oil and exposes the design process of an innovative oil packaging concept that facilitates
the collection of it after the container is empty. The innovation resulted as solution to the tedious
process of collecting oil and consists in a bottle stopper that functions as a funnel when reversed.
The bottle stopper/funnel (designed with a no leakage geometry) contains a detachable strainer
which retains the impurities. The packaging is designed for 3 quantities (1, 2 and 5 liters) and is
designed to be manufactured from recycled PET and ABS. The approach of the concept focuses
on identifying alternative solutions that develop new methods and approaches to change
mindsets and behaviours through objects.

Keywords: packaging, innovation, sustainability, recycling, waste cooking oil

Introduction
According to statistics, approximate 15 million tonnes of waste vegetable oils are produced each year in
the world, from which 1 million within the European Union [1], which equals less than 1 kg per
inhabitant per year [1]. In addition, it is a kwon fact that a single litre of waste cooking oil pollutes a
million liters of water and according to statistical data 25% of water pollution is caused by waste oil and
in the European Union. The quantity of waste cooking oil is increasing due to the large preparation of
food not only in households, but mainly in fast food chains, restaurants or hotels. Qil that is not properly
collected often ends up in rivers, creating a film on its surface that blocks the transmission of oxygen
and affects aquatic life. Although the fact that filtering oil from water produces substantial costs with a
real economic impact and that the European Union created a specific directive (namely 2008/98/EC),
waste oil is not treated like a priority from an environmental point of view. Furthermore, as reported by
the American Petroleum Institute recycling just 7,57 kg of waste oil can be create enough electricity to
run household approximate 24 hours.

Taking all this statistical data into account, it is imperative to find new solutions that can improve
the environment not only through legislation or education, but also through oil packaging that can
facilitate the collection of waste cooking oil by the end user, generating a substantial behavioural change.

Premises of the creation process

Developed by product designer Alexandra Ghioc in collaboration with mechanical engineer Dragos
Mititelu, the innovative oil packaging was first presented as a contest proposal that was held in 2020 in
a digital form, on a design platform. Entitled ,,Distruptive Plastic Packaging Challange”, the competition
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aimed to find new product concepts that were exclusively realised through stretch blow moulding and
were manufactured from Polyethylene terephthalate (PET). The concept proposals should have adressed
enviromental issues and a circular economy focusing on the bottle-to-bottle recycling techonologies.
The beneficiary was an Italian company that provoked international designers and studios to imagine a
better usage of PET containers by creating a secondary function or usage after the consumption of the
content. Although the project was not initially awarded, the idea was further developed and improved
in 2021 by the two authors.

Taking the brief into account product designer Alexandra Ghioc and Engineer Dragos Mititelu
designed an innovative oil packaging that would help users with the collection of waste cooking oil. The
proposal is based on the patent registered by Dragos Mititelu at State Office for Inventions and
Trademarks (N0.RO116247 (B1) from 29th of December 2000) (figure 1).

The invention consists in a multifunctional container designed for straining, measuring, storing and
transferring liquids that include a funnel, a graduated cup, a separator/strainer and a cap. The product
can be either used as an assembly or as individual parts that can be used separately.
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Figure 1. Image of the patent registered by Dragos Mititelu in 2000

The innovative oil packaging. Case study

Instead of collecting the used cooking oil in a separate container which should be later stored in
collection centres, most of the users throw it in the sewage systems (sink or toilets) or in the general
garbage disposal. This behavioural pattern is mostly due to the complicated collection process of waste
cooking oil that implies the usage and cleaning of a dedicated container, a strainer and a separate funnel
in order to strain impurities and prevent leakages. The innovative and ecological packaging concept for
oil that designer Alexandra Ghioc and engineer Dragos Mititelu created facilitates the collecting of waste
cooking oil after the container is empty (figure 2).

The innovative solution consists in a bottle stopper that functions as a funnel when reversed. The
assembly containing the bottle stopper and funnel also contains a detachable strainer which retains the
impurities and facilitates the recycling of the waste oil (figure 3).

In the user scenario, the end customer buys the oil bottle needed and consumes the containing oil.
After its consumption, the empty bottle is used for recycling the waste cooking oil creating a circular
behaviour and encouraging the end user to extend the basic functionality of a PET Bottle.
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seal / gasket
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(recycled plastic/ABS)

strainer
(recycled plastic/ABS)

main container
(recycled PET)
+

customizable
label

Figure 2. Exploded view of the 1 liter packaging and asambley

The optimal ergonomics were taken into consideration when designing the oil packging, which is
provided not only through the diameter of the main container or handle of the strainer in relation with
the general dimension of fingers and hand, but also through ease of manouvering, assembly and
disassembly, cleaning each component of the packaging.

Figure 3. Steps in usage of the innovative oil packaging when collecting waste cooking oil

The main body of the package and the funnel are designed to be manufactured through PET stretch
blow moulding technology, while the bottle stopper/funnel and the strainer can be produced using
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injection technology. Withall, the proposed materials from the innovative oil packaging are recyled PET
and ABS. Based on the elasticity of the materials, the asambley is designed in order to dismout, deform
(when needed due to the designed grooves) clean and further recycle easely.

e o} aBg

Figure 4. Images eplaiing the functionality when recycling waste cooking oil

Although the 1 liter packaging is one of the most frequently used and bought product, the concept
was developed for 3 dimensions in connection with 3 quantities: 1 liter, 2 liters and 5 liters using
Autodesk Inventor software (figure 5). The 3-dimensional modelling of the packaging made by the
engineer Dragos Mititelu took several aspects into account such as calculation of the volume, the
functional and ergonomic restrictions, the manufacturing technology, the number of parts resulting from
the proposed design, the fitting of the assembly or the elasticity of the materials.

The stylistic outlook has been followed in all of the 3 packaging quantities, making the packaging
easy recognisable in comparison with other products on the market. The overall shape of the oil package
is neutral (not limited to a typology) and versatile offering the possibility of customization with various
types of cooking oils (avocado, palm, sun flower oil etc.). Designed to stand out on the shelve due to
the strong chromatic contrast between the yellow main container and the dark brown funnel and bottle
stopper assembly, the packaging has a unique aesthetics which is enhanced by the distinction between
the opaque and translucent materials.

In addition to the general design of the packaging, two more refined elements were inserted, namely
the rings from the main container (which make the packaging more easily flexible and foldable) that are
strategically positioned and shaped so that the overall appearance of the bottle would be more dynamic
and the radial grooves on the funnel which subconsciously suggest the flow effect.

The concept has respected all the stages of the design process starting with a thorough research of
the competitive market, a stylistic analysis on the typology of the product, an overview of how users
recycle oil, a list of standards and requirements in manufacturing and continuing with numerous bi and
three-dimensional sketches, the conception of the final digital model and technical data.
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Figure 5. Print screen of the 3-dimensional packaging proposals (1, 2, 5 Liter) developed in Autodesk
Inventor software

Figure 6. Images for 1,2 and 5 liter packaging

The package proposal for 2 and 5 liters contains a dedicated handle for easy manoeuvring. The handle
slides from the edges of the funnel and is retractable offering the possibility of usage only when needed

(figure 7).
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Figure 7. Assembly and detail views for the retractable handle

Implementation
For a better understanding of the concept, a model of the 1liter concept was created using the 3-
dimensional printing technology (figure 8). The model was materialized using CREATBOT printer
(product code F430) in PETG as the main material (figure 9). Each part of the assembly was imported
in Slicer Software and further designed and developed in order to prepare for the actual 3-dimensional
printing. In this sense, a series of iterations with different adjusted parameters were required in order to
obtain the desired result.

The model of the packaging helped Alexandra Ghioc and Dragos Mititelu to validate a series of
aspects such as the functioning principles, the ergonomics in handling the container, overall proportion
of the product, the transparency effect of the main container in contrast with the opaque funnel and bottle

stopper assembly.

Figure 8. Print screen of the 3dimensional model imported in Slicer software
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Figure 9. 3 D printed model of the 1 liter packaging, scale 1:1

Conclusions

Far from being just a financial tool that helps manufacturers to increase their turnover, design has, as its
main mission, the conception of innovative goods that improve the quality of life by offering products
made from eco-friendly materials, with minimal impact on the environment, both in manufacturing, as
well as after the end of the product's life. Designers have the responsibility to conceive sustainable and
ethical projects, not only in ecological terms through the materials or processes used, but also in a
conceptual manner from the perspective of innovation. Therefore, it is more important than ever that
designers are focused more and more on alternative solutions, to develop new methods and approaches
to intrigue and change mindsets and behaviours through objects. In the era of overconsumption, design
is one of the most important components of the economy and has the mission of generating durable
common goods according to the 5 Rs: Refuse, Reduce, Reuse, Repurpose, Recycle.

The designed packaging is fundamentally distinctive from all existing products on the market not
only by its particular aesthetics, but especially by the functional innovation that makes the user's life
easier and helps to address an improvement from an ecological point of view. Designed with a no
leakage geometry, the assembly can be used and refilled an unlimited number of times, making the
process of collection of the waste cooking oil easier and more comfortable.

The innovative Oil Packaging concept proposal was awarded at 2 of the most renowned competition
in September 2022, namely Red Dot Award (concept category) and Pentawards in London (silver
medal). The model is currently exhibited at the Red Dot Design Museum in Singapore and is in the
process of being registered as an industrial object at the European Union Intellectual Property Office

(EUIPO).
@ 2022

Pentawards
reddot award 2022 .
winner SllVCI‘

Figure 10. Innovative Oil Packaging awards

22



Journal of Research and Innovation for Sustainable Society (JRISS)
Volume 4, Issue 2, 2022

ISSN: 2668-0416

Thoth Publishing House

References

[1] Gui MM, Lee KT, Bhatia S. 2008 Feasibility of edible oil vs. non-edible oil vs. waste edible oil
as biodiesel feedstock. Energy, 33 pp 1646-1653

[2] Ortner, M.E.; Miiller, W.; Schneider, 1.; Bockreis, 2016 Environmental assessment of three
different utilization paths of waste cooking oil from households. Resources, Conservation.
Recycling, 106 pp 59-67

[3] Berman D., Do good design. How designers can change the world, New Riders Publishing, 2009

[4] Macnab M., Design by nature. Using universal forms and principles in design, New Riders
Publishing, 2012

[5] Papanek V., Design for the Real World — Human Ecology and Social Change, Academy Chicago,
Publishers, 2000

[6] Parsons T, Thinking: Objects: Contemporary Approaches to Product Design, Ava Publishing,
2009

[7] Praleal., Sficlea M., Pop M., Soltuz E., Buraga S., Ecodesign, ARTES, 2010

[8] Pratt A., Nunes J., An Introduction to the Theory and Application of User-centered Design, Ed.
Rockport Publishers, 2012

[9] Roth M., Uphaus N., Hausberg J., Ecological Design, Neues, 2008,

[10] Thompson R, 2007, Manufacturing Processes for Design Professionals, Thames & Hudson, 2007

[11] Woodward I., Understanding Material Culture, Ed. Sage, Londra, 2007

Acknowledgments

This article was written with the support of the Institute for Multidisciplinary Research in Art (ICMA)
from “George Enescu” National University of Arts, lasi Romania within the grants financed from the
research funds for the year 2022.

The 1 liter model of the innovative oil packaging was sponsored by Electra SRL and was created with
the help of mechanical engineer Eduard Gherca.

23



Journal of Research and Innovation for Sustainable Society (JRISS)
Volume 4, Issue 2, 2022

ISSN: 2668-0416

Thoth Publishing House

DOI: 10.33727/JRISS.2022.2.3:24-30

Vibration analysis of shaft-bearing assembly for centrifugal
fan

Irina Radulescu! and Alexandru Valentin Radulescu!

IMachine Elements and Tribology Department, University POLITEHNICA of Bucharest,
Romania
E-mail: irina.radulescu@upb.ro

Abstract. The complete solution of the problem of a free vibration system needs the
determination of all the modal frequencies and of correspondent mode of vibration. Many
times in practice it is necessary to know only some modal frequencies, sometimes only the
fundamental one. The classical method of the vibration problem solution is to write one or
more movement equations, using the second Newton’s law. For the systems with distributed
parameters, the result is a number of differential equations with partial derivatives. The exact
solution of the equations is possible only for a relative low number of cases; for the majority of
the problems the approximate solving methods must be used. The paper presents comparative
studies for the shaft-bearing assembly of the centrifugal fans, regarding the vibration behavior
during the service. Two type of modeling has been realized: the first one was an analytical
simulation for the ideal shaft, using Mathcad software. The second modeling was a numerical
simulation for the real geometrical shaft, taking into account the presence of the bearings,
using ANSY'S software with all the possibilities of optimization involved. A comparison of the
theoretical results between the two modeling has been realized.

Keywords: fan, frequencies, mathcad, optimization.

1. Introduction

The complete solution of the problem of a free vibration system needs the determination of all the
proper frequencies and of correspondent vibration ways. Many times in practice it is necessary to
know only some proper frequencies, sometimes — only one. Usually, the lower frequency is practically
the most important. In most cases, the exact knowledge of the vibration way has a minor importance
and that allows to elaborate new methods founding the frequencies of a low harmonics number [1],
(2], [3].

The classical method of the vibration problem solution is to write one or more movement
equations, using the second Newton’s law [4]. For the systems with distributed parameters, the result
is a number of differential equations with partial derivatives. The exact solution of the equations is
possible only for a relative low number of cases; for the majority of the problems the approximate
solving methods must be used [5].

Various methods have been used in analyzing the rotary systems, while standard transfer matrix
method is given in many handbooks [6], [7]. Analytical results are being generated to demonstrate
the need for and the advantage of transfer matrix method in modelling procedures. A quantitative
comparison is made between the Finite Elements Method and Transfer Matrix Method, applied to free
vibration analysis of rotor systems [8].
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A mathematical model governing the transverse vibration of rotor shaft is determined using
analytical methods [4]. From the mathematical model, natural frequencies and mode shape of the rotor
system is determined. Further, numerical simulation is performed in ANSYS for modal analysis for
such system. Unbalance effect is incorporated numerically by performing harmonic analysis of the
rotor system in ANSYS [9].

2. Theoretical model
In the theoretical calculus of the proper bending frequencies of the fan shaft it will be used the
classical differential equation for the transversal vibrations of the beam [1]:
9?2 9%y\ _ _1 9%
—E(EI ﬁ) =YA9) " 53 (1)
This equation is available with the following hypotheses:
e the material is homogenous, izothrop and perfectly elastic;
e the beam is straight and with the cross section constant for all the length;
e the deformations of the beam are low and its length is much greater, comparative with the
dimensions of the cross section.
If the product El is constant, the solution of the equation is:

y = X(x)[cos(w,t + 0)] ()
If k* = w2yA(EIg)™! and dividing equation (1) by cos(w,t + 6), it obtains:
X _ ey 3
dx4 - ( )a

where X is a function for which the fourth derivative is equal with the constant multiplied by the
function itself.

The solution of the equation (3) is given by a sum of linear independent functions as:

X=A;sinkx+ A,coskx+ Assh kx + Aych kx 4)

For the beams having different leaning conditions, the constants A, 42, A3 and A4 are established
from the limit conditions. It is convenient for founding solutions that the equation (4) must be written
like (5), in which two constants are nulls, for each usual limit conditions:

X = A(coskx + coshkx) + B(coskx — coshkx) + C(sinkx + sinhkx) + D (sinkx — sinhkx)
()

Applying the limit conditions, the following relations are used:

the deformation is proportional with X and it is null on a stern support;

the rotation is proportional with X* and it is null at a fixed end;

the bending moment is proportional with X** and it is null at a free or articulated end;

the cutting force is proportional with X**” and it is null at a free end.
For the usual limit conditions, two constants are zero, and it obtains two equations with two
constants. Those can be combined and we obtain an equation that contains the frequency as unknown.
Using the frequency, one of the constants can be couch — one function other. Thus, a constant remains
always undetermined; it can be evaluated only in the case when the vibration amplitude is known.

3. Analytical simulation for the ideal shaft

In the case of the continuous beams on many supports, for founding the modal frequencies, the section
between each pair of supports is considered as a separate beam, with the origin in the left section
support. The deformation equation is applied for each interval. There is such an equation for each
section and the limit conditions are:
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e At the ends of the beam we applied the usual limit conditions, function the type of the support.
e On each intermediate support, the deformation is null. Because the beam is continuous, at the left
and at the right, in the neighborhood of the support, the rotation and the moment are the same.
A general view of the fan shaft is presented in Fig. 1, while the main components of the shaft
bearings are shown in Fig. 2.
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Figure 2. Details of the shaft bearings of centrifugal fan

The main hypotheses for the analytical modeling of the fan shaft are:
e The shaft is modeled like a continuous and homogenous beam, with a constant diameter;
e The equivalent beam is a continuous beam which is staying on two pinned supports (O, and Og)
and two free ends (O, and Os) (Fig. 3);

e There are determined only the modal bending frequencies.
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Figure 3. The simplified analytical model of the fan shaft

The geometrical dimensions of the shaft are: the medium diameter - 30 mm; the equivalent lengths:
I, =130 mm; I, = 200 mm; I3 = 130 mm. The shaft material is OLC45, with the following mechanical
characteristics: the elasticity modulus E = 2.1-10° MPa; the density p = 7800 kg/m®. The deformation
equations for the three regions are:

Region 1:

X, = A;(cos kx + cosh kx)+ B;(cos kx — cosh kx)+ C,(sin kx + sinh kx) +
+ D;(sin kx — sinh kx)
(6)
Region 2:

X, = A,(cos kx + cosh kx)+ B,(cos kx — cosh kx)+ C,(sin kx + sinh kx) +
+ D,(sin kx — sinh kx)
| @)
Region 3:

X3 = As(cos kx + cosh kx) + Bs(cos kx — cosh kx) + Cs(sin kx + sinh kx) +
+ D;(sin kx — sinh kx)

(8)

The limit conditions imposed are:
" X, (L) =X,(0)=0
. X{(0) =0 _ (h) = X2(0)
At point Ou: X/'(0) = 0 At point O2: X, (L) = X,(0)
! X1(L) = X3(0)

X2(0) = 0 Xo(lp) = X3(=13) =0
At point Oz: {X?,, 0 = 0 At point Ox: Xo(12) = X3(~l3)
3(0) = X5(1y) = Xa(~1s)

The equivalent equations system given by the limit conditions is a homogenous system with 12
equations with 12 unknowns (the coefficients As, A, ..., D3) like:

M-A=0 9),

where M is the coefficient matrix, A is the unknowns vector and O is the null vector corresponding to
the free term.

The general equation (the case 11 = |, # I3) for founding the modal frequencies of the shaft is
obtained by developing the matrix determinant M, using the symbolic facilities of the Mathcad
software. The solution of the equation is obtained only numerical.
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For the peculiar case when I1 = I, = I3 = | (the case is analyzed in ref. [4], but for others supports
types: fixed support — pinned support or pinned support — pinned support), the general equation for
founding the modal frequencies has a simple form, but also without an analytical solution:

. . 2 . . . .
3 cosh x cos® x + 8 cos? x sinx sinh x cosh” x + 2 sinh x sinx + 6 cos x cosh x sin x sinh x —
3 2
—3cosxcosh’ x + cos®x —cosh®x =0

(10),
where x = kl.
The peculiar solutions of this equation are corresponding to the first five mode of vibrations (Table
1).

Table 1. Peculiar values of the characteristic parameter x = kI

Mode of vibration Parameter x = kl
1.648
4.706
6.707
7.854
9.849

g B~ WO DN -

Knowing the constant parameter values x = kl, the pulsation and the modal frequencies are
obtained using the relations:

1/2
on =k (Z2) " 5 fu= wn2m™ (11),

where ki, is calculated for each mode of vibration, function of the corresponding parameters x and 1.
For the general case of the fan shaft (I, # |, = I3), the numerical solution obtained is presented in Table 2.

Table 2. Modal frequencies of the fan shaft (approximate analytical model)

Mode of vibration Parameter kn, mm Modal frequency f,, Hz
1 0.00985 601

2 0.01205 899

3 0.02025 2540

4 0.03068 5828

5 0.03333 6899

4. Numerical simulation for the real geometrical shaft
The numerical solution obtained with the aid of the finite elements software for the case of the shaft
(existent in the shaft — bearings assembly) is presented in Figure 4 a and b.

Also, there are presented the results for the case of whole assembly shaft — rotor in Figure 5 a and
b. The numerical values of the modal frequencies for these two real studied cases (shaft — bearing
assembly and shaft — rotor assembly) are presented in the Table 3.
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Table 3. Numerical values of the modal frequencies for real cases

I Modal frequency f,, Hz Modal frequency f,, Hz
Mode of vibration (shaft — bearings assembly) (shaft — rotor assembly)
1 1311 37
2 1312 41
3 3620 41
4 3667 239
5 4189 240

a. Modal frequency f, = 1312 Hz b. Modal frequency f, = 4189 Hz
Figure 4. Mode of vibration for shaft — bearings assembly

a. Modal frequency f, =41.39 Hz b. Modal frequency f, =41.57 Hz
Figure 5. Mode of vibration for shaft — rotor assembly

5. Conclusions

1. The analytical model proposed permits to establish the general equation, which determine the
modal frequencies for a double pinned beam with free ends.

2. The differences existent between the real numerical model and the analytical simplified model for
the shaft-bearings assembly are justified by:
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For the analytical case, only the modal bending frequencies are considered; in the numerical
case, the modal frequencies result by composing the bending and torsion movement.

The analytical model corresponds to a constant cross section beam, while the real shaft is
characterized by diametrical variation.

The real shaft is also characterized by the existence of two bearings, which have a significant
influence on the results.

3. There are great differences from the point of view of the modal frequencies between the real
model of the shaft-bearings assembly and the real model of the entire fan (shaft-rotor assembly).
These differences can be explained by the major geometrical and inertial influence of the rotor on
the behavior of the entire fan.
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Abstract. This study investigated factors influencing adoption of solar energy in Bloomingdale,
Harare. The study was prompted by widespread switch from the traditional electricity to solar
energy experienced in Zimbabwe. A positivism philosophy, quantitative approach and
explanatory survey design were adopted. ZETDC clients were targeted and systematic sampling
was used to select a sample of 127 respondents. SPSS version 19 was used to analyse data
collected using structured questionnaires. Results showed that as high as 79.2% of the
respondents had adopted solar energy as an alternative source of energy. The study revealed that
clients are sensitive to the costs of mainstream electricity and find solar energy cheaper to install,
maintain and consume. It was also noted that ZETDC is unable to provide adequate electricity
with frequent power cuts forcing consumers to adopt solar energy as a backup energy plan. On
the other hand, results showed that awareness of the positive social and environmental impacts
of solar energy had little influence in the adoption of solar energy in Bloomingdale, Harare.
Factor analysis also confirmed that incapability of the existing utility firm to provide adequate
electricity and the financial and economic capacity of consumers were key determinants in the
adoption of solar energy in Harare.

Keywords: solar energy, electricity;, mainstream electricity, electricity utility firm,
environmental impact.

1. Introduction

Globally, there has been notable increase in the adoption of cleaner and renewable energy (Hulshof and
Mulder, 2020). The current global trends in switching from carbon emissions to green revolution and
other underlying causes may spell doom to electric utilities companies. Ruggiero and Lehkonen (2017)’s
study on renewable energy growth in China showed that electric utilities are pressured to increase clean
energy production. The adoption of renewable energy had been found to improve the utilities’
environmental performance. Castaneda et al. (2017) evaluated the effect of technology transformation
on the Colombian electricity utility industry. It was noted that solar rooftop generation is a major threat
for the performance of utilities. Guta (2018) examined determinants of household adoption of solar
energy technology in rural areas in Ethiopia and noted that gender, household wealth, education and
awareness were key factors.

Changing climatic conditions and global warming has resulted in more droughts negatively affecting
electricity generation and transmission in Africa particularly in Central and Southern Africa. It is
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estimated that there shall be serious energy shortages in Southern Africa region in the coming 20 years.
With water levels at Kariba Dam dwindling due to continued siltation, electricity generation and
distribution in Zimbabwe has been constrained over the recent years. Rainfall patterns in the country are
likely to remain very unpredictable. However, the demand for solar energy in Zimbabwe has remained
strong over the years. A survey conducted by the Zimbabwe Energy Regulatory Authority (ZERA) in
2018 showed that the use of solar energy in Zimbabwe is expected to rise by more than 20% for the 5-
year period to 2023. Over the years, the supply of electricity has remained erratic and has also been
considered very expensive compared to regional rates. This has triggered a major shift to alternative
sources of energy including solar. As at December 2020, about 3% of the Zimbabwe Electricity
Transmission and Distribution Company (ZETDC) clients had totally switched from ZETDC energy to
solar energy. Over the years, ZETDC has failed to secure enough power imports for winter crop farming
forcing most farmers to install solar energy as an alternative. Approximately 70% of ZETDC clients had
adopted alternative sources of energy for cooking, charging phones, lighting and refrigeration among
many others (ZETDC, 2020). It has been noted that just around 61% of all households in Zimbabwe,
both in the rural and urban communities depend on firewood for their cooking and heating requirements
(Ministry of Energy and Power Development, 2012). The alternative energy sources are considered to
be environmentally friendly and more reliable as compared to fossil or hydro powered energy largely
relied upon by ZETDC. The growth in demand for solar energy is therefore a threat to ZETDC as many
companies and households have adopted a dual-energy scheme. However, there have been limited
studies focusing on the factors influencing the adoption of solar energy in Zimbabwe.

The surge in solar energy adoption in Zimbabwe adversely affects the performance of ZETDC, yet
it plays a strategic role in national growth and development. Most of its customers have shifted to
alternative sources of energy and little attention has been focused on the reasons in a local context. By
December 2020, 3% of ZETDC clients had totally switched to solar energy and as high as 70% had
adopted alternative sources of energy (ZETDC, 2020). There is therefore need to analyse factors
influencing the adoption of solar energy so that ZEDTC can undertake correctional measures to ensure
survival in the long term. This paper therefore examines factors influencing solar energy adoption in
Harare West, using the ZETDC as the case study.

2.Literature review

Tornatzky and Fleischer (2018) are of the view that organizations’ internal environments, technological
developments and environment affect innovation adoption processes. In support of the observations by
Rogers (2018), Le et al. (2011) also endorsed key attributes 19 in the acceptance of any innovation.
Dedrick and West (2004) went further to highlight the first five attributes mentioned by Rogers as
applying in almost all cases of new innovations across industries. Glynn et al. (2019) noted that the same
organisational factors also affect adoption. Furthermore, factors such as total ownership cost (Shapiro
and Varian, 2008), boundary spanners (Macaulay et al., 2016) and relevance to the organization (Goode
and Stevens, 2000) could also fall into this category. There are other intervening factors like government
policy on renewable energy, external factors and the utility electricity tariff which can also alter the
supply and demand matrix.

Factors influencing adoption of alternative sources of energy

There are a number of factors affecting technology innovations such as solar energy. Tirop and
Nganga (2018) are of the view that organizations’ internal environments, technological developments
and the external environment affect innovation adoption processes. They claim that government policy
on renewable energy and the utility electricity tariff system can also alter the supply and demand matrix.
Figure 1 below shows the factors influencing the adoption of alternative sources of energy.
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Figure 1. Drivers of solar energy adoption.
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Solar energy is perceived to be cheaper, safer and environmentally friendly when compared to the
traditional fossil-powered sources of energy (Maponga, 2018). Neves, Henriques and Vilas (2019) argue
that there is an inadequate investment in the electricity grids for most developing countries. Several
countries in Africa therefore import electricity to cover up for the shortage in the local production of
energy. In Zimbabwe, Maponga (2018) argues that even with the importation, only 21% of the rural
people who have access to electricity and 80% of the urban people have access to electricity. The
researcher notes that these developments demonstrate that there is a serious problem with the national
power utility. This presents to any potential player in the energy sector, a huge opportunity for energy
supply in its various forms, especially the need for cleaner energy sources. It should also be noted that
just above 5 300 institutions in Zimbabwe are not electrified and these include clinics and schools in the
country, especially in the rural areas. This could provide a big opportunity for decentralized mini-grids
to address the power needs in each and every community. Overall, there are also over ten thousand other
facilities which include pumps which are currently powered, and an equal number of other facilities
(such as pumps) are electrified and this is a great opportunity in the sector and presents a challenge to
the current market leader, ZETDC (Mzezewa and Murove, 2017). Usually when the leading company
in a sector is failing to serve the market adequately, this normally results in the creation of gaps which
new competitors may exploit and gain entrance in the market (Kotler and Opresnik, 2019).

In terms of theoretical framework, this study was guided by the Technology Acceptance Model
(TAM) indicated in Figure 2. The TAM was initially suggested by Davis (1989) as an analytical tool to
characterize, trace and explain the reasons, behaviours, attitudes and opinions among people in an
organization when deciding how and why to use technology or information technology tools.

Perceived
Usefulness
(v) \
External Attitude Behayioral rom
Variables Toward Intention to System Use
Using (A) Use (BI)

Perceived
Ease of Use

(E)

Source: Davis et al. (1989)
Figure 2. Technology acceptance model (Davis, 1989)
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The theory explains the adoption of specific new technologies. As shown in Figure 1, the key
variables to this equation are Perceived Ease of Use (PEOU) and Perceived Usefulness (PU). Bagozzi,
Davis and Warshaw (1992) say that new technologies such as personal computers are complex leading
to the existence of uncertainty in the minds of decision makers with respect to their successful adoption.
People hence form attitudes and intentions towards trying to learn to use the new technology prior to
initiating efforts directed at using it.

As shown above, the attitudes are shaped by PEOU and PU which in turn are shaped by other
external variables. The two variables would then lead to the development of a positive attitude towards
the innovation or new idea being introduced until there is an intention to use, which is then translated
into actual use (Ma and Liu, 2011).

The TAM can therefore be used on any situation where the advancement of technology is made and
the area of concern is on acceptability. This study noted that solar energy is a technical product and its
adoption falls directly under the technology adoption model. As such, the TAM provides an opportunity
for understanding what could have influenced the adoption of solar energy adoption in Harare,
Zimbabwe.

Empirical literature review

Mzezewa and Murove (2017) say that a total of 1400 MW are being produced by the various power
stations in the country, both thermal and hydro power stations. The nation’s current energy requirements
are just above 2400 MW and the difference of over 1000 MW is what is being imported and managed
through demand side management.

This lack of sufficient energy in the country is the cause for concern and brings about serious threats
to ZETDC in the medium to long term future. Existing electricity utilities especially those using fossil-
fuel plant are also shifting from their stable and predictable situation to confront challenges emanating
from the use of alternative energy services (Frondel et al., 2010). This study notes that to look into the
shortages of electricity and consider that as a threat to electricity companies may not be enough without
looking into the potential of alternative sources of energy in the form of renewable sources like solar
energy.

A study conducted by ZERA (2018) showed that indeed there is potential for new players in the
energy sector in Zimbabwe especially with regard to renewable sources. The researcher notes that this
presents a serious threat to ZETDC as the viability of these renewable sources of energy could trigger
more customers to move away from the national grid or in the most probable cases, reduce their
dependence on the ZETDC energy in favor of other alternatives. It is therefore important to understand
the factors influencing the adoption of solar energy as an alternative source of energy to enable
traditional utility companies to survive.

It is noted that studies on the determinants of solar energy adoption have been carried out mostly in
developed countries (Ruggiero and Lehkonen, 2017; Castaneda et al., 2017; Guta, 2018). There is
limited literature on developing countries like Zimbabwe with operating environments different from
those obtaining in developed countries. There is need to conduct similar studies to establish whether or
not the results remain consistent with those obtained in advanced countries. This study therefore uses
the ZETDC as the case study.

3.Methodology

The study adopts the positivism philosophy which assumes that reality is fixed and can be objectively
measured mathematically or statistically. The positivism philosophy was relevant as it allowed use of
existing theory to test data. The researcher was also objective and detached from research processes in
this study.

This study adopted a quantitative approach in order to allow the use of scientific techniques. The
quantitative approach is objective and makes use of numerical or statistical techniques which aligns with
the positivism philosophy. The quantitative approach also facilitated use of descriptive statistics and
inferential statistics. The study adopted an explanatory survey design. An explanatory research explains
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the cause and effect relationships between variables in a study (Greenfield, 2016). This was appropriate
for the current study given the need to explain the factors behind solar energy adoption in Zimbabwe.
The survey strategy was meant to ensure that a bigger sample size was adopted cost effectively in a
shorter time scale. In this study, the target population was made up of 186 consisting ZETDC clients
based in Bloomingdale suburb, Harare, Zimbabwe. Using Yamane (1967)’s sample size calculation
formula, the estimated sample size was 127 selected using systematic sampling.

A structured questionnaire was used to gather data and it was prepared using a five point Likert scale
with five (5) options namely; strongly agree, agree, uncertain, disagree and strongly disagree was used.
The respondents were given five working days to complete the questionnaires at their own time or make
any consultations as might be necessary. The rationale for use of questionnaires was that they enabled
faster and cost effective collection of data.

The Statistical Package for the Social Sciences (SPSS) version 19 was used to analyse quantitative
data collected through closed ended questions. Data were entered into SPPS and cleaned for potential
errors. The mean, standard deviation, frequencies and percentages were the main descriptive statistics
used. Factor analysis was also used to reduce the data into key factors influencing adoption of solar
energy in Harare Zimbabwe. Data were presented using tables, pie charts and graphs generated from
SPSS.

Ethical considerations

Informed consent of the respondents was sought so that they voluntarily took part in the study. The
researcher did not force the respondents to participate in the study. Anonymity was ensured by not
requesting the names or any positive identification of the respondents. Respondents also completed the
guestionnaires at their own time in the absence of the researcher to enhance privacy. Data collected from
the respondents were not shared with third parties to ensure confidentiality.

4. Presentation and discussion of results

A total of 127 questionnaires were distributed to the respondents. Due to persistent follow ups, 109
guestionnaires were received. An examination of the questionnaires returned showed that 8 were not
fully completed and 101 questionnaires were valid. The valid response rate was therefore 79.5%. This
was above the minimum of 70% generally deemed acceptable for generalizing results in quantitative
studies (Jackson, 2015). A Cronbach’s alpha reliability test was carried out to establish the internal
consistency of the 12 five-point Likert scale items operationalizing factors influencing the adoption of
solar energy in Bloomingdale, Harare. The reliability values range from 0 to 1 and a minimum value of
0.7 is normally deemed acceptable (Greenfield, 2016). Table 1 shows the results.

Table 1. Reliability Statistics.
Cronbach's Alpha N of Items
0.788 12

Source: Primary Data

In this study, the reliability value was 0.788 which was above 0.7. As such, the study inferred that
the Likert scale items were highly reliable in measuring the determinants of solar energy adoption in
Bloomingdale, Harare.

4.1 Demographic information
Table 2 below cross tabulates gender and education levels of the respondents.
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Table 2. Demographic characteristics

Highest level of education
High | Certificate/ | First | Post-graduate

school Diploma | degree degree Other | Total

Gender Male Count 11 10 13 10 3 47
% of Total 10.9% 9.9%| 12.9% 9.9%| 3.0%|46.5%

Female Count 15 13 11 11 4 54

% of Total 14.9% 12.9%| 10.9% 10.9%| 4.0%|53.5%

Total Count 26 23 24 21 71 101
Yoot Total f s 70, 22.8%| 23.8% 20.8%| 6.9% 100;:'

Source: Primary data

Table 2 shows that out of 101 respondents, 46.5% were males and 53.5% were females. This meant
that there was a fair gender parity thus avoiding gender biased responses on the factors influencing the
adoption of solar energy. The results also show that 25.7% of the respondents had high school education,
22.8% had certificates or diplomas, 23.8% had first degrees 20.8% had attained post graduate
qualifications and the remaining 6.9% cited other qualifications. Since 74.3% of the respondents had
some tertiary level education, it was noted that the respondents could appreciate the determinants of
solar energy adoption in Bloomingdale, Harare.

4.2 Solar Energy Adoption
The respondents were asked to indicate if they used solar energy within their homes. Figure 3
illustrates the responses received.

Wves
Hro

Source: Primary data
Figure 3. Solar energy adoption

Figure 3 shows that 79.2% of the respondents had adopted solar energy and 20.8% had not yet used
solar energy within their homes. This meant that most (79.2%) of the respondents had used solar energy
and could most likely express the reasons behind their decisions. This finding echoed previous surveys
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conducted by ZERA (2018) and ZETDC (2020) which showed increased usage of alternative sources
of energy in Zimbabwe.

4.3 Factors influencing the adoption of solar energy

In order to establish the factors influencing the adoption of solar energy as an alternative energy source
in Harare, respondents were asked to indicate the extent to which they agreed or disagreed with 12 pre-
identified factors. A 5-point Likert scale with strongly disagree (=1), disagree (=2), uncertain (=3), agree
(=4) and strongly agree (=5) was used. The mean and standard deviation were calculated for each item.
In line with the scale adopted, a mean rating above 3.000 indicated general agreement while a mean
rating below 3.000 indicated general disagreement. A standard deviation above 1.500 showed that the
actual ratings were more dispersed from the mean while a value less than 1.500 showed that the actual
ratings were closer to the calculated mean. The results were as shown in Table 3 in descending order of
the mean.

Table 3. Descriptive Statistics

N | Mean | Std. Deviation

I find it expensive to connect electricity in off-grid areas 101 3.92 1.155
I find existing electricity tariffs too expensive 101 3.79 1.177
I find it expensive to maintain existing power infrastructure 101 3.75 1.170
[ use solar energy in line with my economic and financial status 101 3.75 1.152
I use solar energy to avoid power cuts on the national grid 101 3.63 1.325
I get inadequate electricity from ZETDC 101| 3.55 1.367
I believe ZETDC provides poor service quality 101 3.45 1.338
[ use solar energy as backup energy 101 3.37 1.354
I support Government policy on renewable energy 101} 2.60 1.364
I am attracted by the advantages of solar energy 101 2.45 1.446
I try new technologies and innovations 101 2.44 1.367
I support the use of green energy 101 2.38 1.272
Valid N (listwise) 101

Source: Primary Data

The results show that all the standard deviations were less than 1.500. This meant that most of the
responses were closer to the calculated means. Table 3 also shows that there was relatively strong
agreement on the items that ‘I find it expensive to connect electricity in off-grid areas (mean = 3.92), ‘I
find existing electricity tariffs too expensive’ (mean = 3.79), ‘I find it expensive to maintain existing
power infrastructure (mean = 3.75) and ‘I use solar energy in line with my economic and financial status’
(mean = 3.75). A key theme from these items is that solar energy is considered cheaper to install,
maintain and consume when compared with electricity from utility companies. This supports the
assertions made by Maponga (2018) that solar energy is cheaper and safer. The results were also in line
with Guta (2018)’s study in Ethiopia which found out that household income influenced adoption of
solar energy technology.

The results further show that respondents moderately agreed to the items that ‘I use solar energy to
avoid power cuts on the national grid’ (mean = 3.63), ‘I get inadequate electricity from ZETDC’ (mean
= 3.55), ‘I believe ZETDC provides poor service quality’ (mean = 3.45) and ‘I use solar energy as
backup energy’ (mean = 3.37). These items collectively suggest that respondents adopted solar energy
due to the inability of ZETDC to provide adequate electricity. This finding supports Mzezewa and
Murove (2017)’s study which also noted deficits in the supply of electricity in Zimbabwe.
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On the other hand, the results show that respondents were in disagreement to the items that ‘I support
Government policy on renewable energy’ (mean = 2.60), ‘I am attracted by the advantages of solar
energy’ (mean = 2.45), ‘I try new technologies and innovations’ (mean = 2.44) and ‘I support the use of
green energy’ (mean = 2.38). It was noted that consumers’ knowledge about alternative sources of
energy and the environmental and social impacts did not significantly influence the adoption of solar
energy in Harare. This was contrary Ruggiero and Lehkonen (2017)’s study on renewable energy growth
in China which showed that consumers pressured utilities firms to increase clean energy production.

4.4 Factor Analysis

In order to statistically confirm the main factors influencing adoption of solar energy suggested by the
descriptive statistics, factor analysis was conducted at 5% level of significance. The KMO and
Bartlett's Test shown in Table 4 was used to establish if it was suitable to conduct the data reduction
exercise. A minimum measure of sampling adequacy of 0.5 is required in order to proceed with factor
analysis (Jackson, 2015). Jack

Table 4. KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 771
Bartlett's Test of Approx. Chi-Square 1.440E3
Sphericity Df 66

Sig. .000

Source: Primary Data

In this study, the KMO measure of sampling adequacy was 0.771. This was above 0.5 and thus
showed that factor analysis could be done. The principal component analysis extraction method and
Varimax rotation were used to extract the key themes or latent factors behind solar adoption as an
alternative source of energy. The results were as shown in Table 5.

Table 5. Total Variance Explained

Initial Eigenvalues Rotation Sums of Squared Loadings
% of
Component | Total | % of Variance | Cumulative % | Total Variance [Cumulative %
1 4.37 36.413 36.413 3.549 29.577 29.577
2 4.05 33.748 70.162 3.401 28.340 57.916
3 1.90 15.893 86.055 3.377 28.138 86.055
4 .524 4.370 90.424
5 364 3.032 93.456
6 239 1.992 95.449
7 .188 1.569 97.018
8 119 990 98.008
9 .103 .856 98.863
10 .060 .504 99.367
11 .052 429 99.796
12 .024 204 100.000

Extraction Method: Principal Component Analysis.
Source: Primary Data
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Table 5 indicates that three (3) components were extracted with rotated sums of squared loadings of
3.549, 3.401 and 3.377 which accounted for 29.6%, 28.3% and 28.1% of the variation in factors
influencing adoption of solar energy respectively. Put together, the three themes explained a cumulative
86.1% of the variation in the factors influencing the adoption of solar energy in Bloomindale, Harare.
This suggests that the three components are critical in influencing consumer behaviour towards adoption
of solar energy. To identify the components, the rotated component matrix, shown in Table 6, with the
factor loadings was used. Factor loadings less than 0.5 were suppressed in order to clearly show
component (s) on which the items highly loaded.

Table 6. Rotated Component Matrix

Component
1 2 3

I support Government policy on renewable energy .873

I find existing electricity tariffs too expensive 952
I get inadequate electricity from ZETDC 959
I find it expensive to maintain existing power infrastructure 938
I use solar energy in line with my economic and financial status 922
I use solar energy as backup energy .898
I believe ZETDC provides poor service quality .890

I use solar energy to avoid continuous power cuts on the national 958
grid
I support the use of green energy 912
I try new technologies and innovations .896
I find it expensive to connect electricity in off-grid areas 762

I am attracted by the advantages of solar energy .892

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
Source: Primary data

Table 6 indicates that items which highly loaded on component 1 were ‘I get inadequate electricity
from ZETDC’ (factor loading = 0.959), ‘I use solar energy as backup energy’ (factor loading = 0.898),
‘I believe ZETDC provides poor service quality’ (factor loading = 0.890)’ and ‘I use solar energy to
avoid continuous power cuts on the national grid’ (factor loading = 0.958). Component 1 was therefore
interpreted as incapability of existing utility firms to provide adequate electricity which forces
consumers to consider solar energy as an alternative source of energy. This finding was in line with
Neves et al. (2019)’s argument that there is inadequate investment in the electricity grids for most
developing countries.

Items which loaded highly on component 2 were ‘I find existing electricity tariffs too expensive’
(factor loading = 0.952), ‘I find it expensive to connect electricity in off-grid areas’ (factor loading =
0.762), ‘I find it expensive to maintain existing power infrastructure’ (factor loading = 0.938) and ‘I use
solar energy in line with my economic and financial status’ (factor loading = 0.922). Component 2 was
therefore considered as financial and economic capacity of consumers. This confirmed Tornatzky and
Fleischer (2018)’s assertions that utility electricity tariff systems can alter the supply and demand matrix.

Table 6 also shows that items which loaded highly on component 3 were ‘I support Government
policy on renewable energy’ (factor loading = 0.873), ‘I support the use of green energy’ (factor loading
=0.912), ‘I try new technologies and innovations’ (factor loading = 0.896) and ‘I am attracted by the
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advantages of solar energy’ (factor loading = 0.892). Component 3 was deemed as knowledge of social
and environmental benefits of solar energy. However, this component had little impact towards the
adoption of solar energy in the context of the study.

5. Conclusion

The study concluded that ZETDC’s incapability to provide adequate electricity to its clients as well as
the fragile financial and economic capacity of its consumers were the key factors influencing the
adoption of solar energy in Bloomingdale, Harare. Persistent power cuts forced consumers to install
solar energy as a backup strategy. The clients’ high sensitivity to costs associated with mainstream
electricity also influenced the adoption of solar energy in Bloomingdale, Harare. The study concluded
that, despite usage of solar energy, clients had little awareness of the social and environmental benefits
of solar energy adoption.

5.1 Recommendations

The study recommended that ZETDC increase investment into its power generation capacity in order to
address the demand and supply mismatch in the provision of electricity in Harare. Reliable electricity
could prop of consumer confidence and thus reduce the switch to alternative sources of energy. ZETDC
could achieve through mobilizing financial resources from central government as well as regional and
international lenders comfortable with the risk profile of parastatals. It was further suggested that
ZETDC review its tariffs downwards in line with the financial and economic status of its clients so as
induce consumption of the mainstream electricity. Given the growing calls for cleaner and renewable
energy, a further study focusing on consumer awareness of the advantages of solar energy was
suggested. The study could also examine the capacity of existing electricity utility firms to adopt solar
energy into their business models.
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Abstract. Sustainable technologies play an important role in businesses by reducing negative
environmental effects, avoiding depletion of natural resources whilst ensuring productivity.
Zimbabwe is importing metal steel products that could be produced locally if local foundries
adopt the rightful technologies. Most of Zimbabwean metal recyclers are using manual methods
in the recycling process. The study looked at the negative effects of using manual production
systems on the business performance of the Zimbabwean metal recycling industries. Qualitative
and quantitative data collection techniques were adopted through the use of questionnaires and
survey interviews. The researcher collected quantitative data through a questionnaire.77 out of
109 distributed questionnaires were returned and filled correctly by production personnel in the
metal recycling industry. This translated to 70% response rate. Semi-structured interviews were
conducted for the purposes of gathering qualitative data. Quantitative data revealed that metal
recyclers are facing challenges of reduction in processing speeds, reduction in operation profits,
poor product quality and high risk of getting injured due to the use of manual production
methods. The study revealed that Zimbabwean metal recyclers are facing many challenges which
to a greater extent are caused by their operation methods.

Keywords: Sustainable technologies, Foundry, Scrap metal, Non-automated, Business
Performance, Scrap metal.

1. Introduction
Developing countries such as Zimbabwe deal with challenges in solid waste management such as
insufficient waste recycling, hazardous wastes that are not separated for safe disposal, and landfills that
are not properly engineered to prevent groundwater pollution (Teta and Hikwa, 2017). Zimbabwe has a
lot of scrap metal and this to some extent is due to the fact that the country receives end of life vehicles
from Japan, UK and other western countries. The availability of scrap metal in Zimbabwe is an
opportunity to improve the country’s economic situation. The utilisation of scrap metals using
sustainable technologies can improve the profits margins in the local metal recycling industry.
Currently foundries and other informal metal recyclers are using unsustainable manual methods
which reduce their competence and operational profits hence they fail to offer good prices for their main
raw material (scrap metal). Zimbabwean foundries that are operating are facing a challenge of scrap
metal shortage due to continued exports of the scrap metal to countries that pay more for the scrap as
they have better technologies and recycling capacity. Zimbabwe could save at least $11 million per
month and hundreds of jobs if it stops exporting scrap metal and beneficiate it locally thus according to
ZIF (Chingwere, 2018).
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Inefficient methods being used result in high usage of fossil fuels for heating, air pollution, hazardous
operating method, less valued products and smaller product range of products from the recycled metal
waste. The main objective of this research study is to analyse the impact of non-automated production
methods used by Zimbabwean metal recyclers.

2. Literature Review

The literature review mainly focused on previous empirical studies on challenges faced by metal
recyclers in general. There is a gap in published literature as no paper has been published concerning
the impacts of the use of unsustainable manual technologies on the business performance of
Zimbabwean metal recycling industries. A significant amount of research has investigated a range of e-
waste recycling methods such as pyro-metallurgy, hydrometallurgy and bio-hydrometallurgy (Yken J,
2021).

A thesis for the degree of doctor of philosophy by Magnus Andersson was concerned with increasing
the resolution of knowledge around opportunities for, and challenges of, recycling scarce metals and it
aimed to identify measures that can raise recycling rates of such metals (Andersson, 2018). The thesis
was mainly focusing on challenges of recycling scarce metal from dead motor vehicles e-waste. The
conducted research highlights that for individual metals to be recycled, there is need for long-term, high
impact and metal specific measures that target build-up of entire value chain (Andersson, 2018).

Mulaudzi et al. (2017) conducted a study on challenges faced by local authorities in solid waste
management. The solid waste included scrap metal hence it was also analysed. Mulaudzi concluded that
solid waste management in Zimbabwe, particularly Beitbridge is poor and ineffective, due to challenges
such as poor community engagement; lack of machinery such as refuse trucks, compactors, there is also
poor waste management practices such as burning of municipals and illegal dumping, poor enforcement
of the legislations(Kaushik and Walsh, 2019)(Kaushik and Walsh, 2019) (Mulaudzi 2017).

(Adanu, Gbedemah and Attah, 2020) investigated why sustainable technologies are not used to
collect, dismantle and sell e-waste given the risk of injury and extensive environmental pollution
associated with handling of electronic waste. The research was mainly aimed at assessing the type of
technologies that were currently used in managing e-waste. The study also looked at challenges that are
faced when adopting sustainable technologies. The use of unsustainable technologies to manage e-
waste contributed to physical injuries to workers and pollution of the environment (Adanu, Gbedemah
and Attah, 2020). A major challenge limiting the use of sustainable technologies is lack of financial
resources to acquire modern equipment despite the laborious nature of the work. The paper concludes
that sustainable solutions to electronic waste management requires support from government to
subsidize the cost of sustainable technologies in e-waste management.

Secondary data was collected from online newspapers and metal industry inventory data. According
to data reported in November 2020, Zimbabwe’s scrap metal industry has a monthly scrap metal shortfall
of 17 000 tonnes. The scrap metal industry in the country demands a monthly supply of 27 000 tonnes
which is currently not being met. At the time of the release of the data in November 2020, the industry
could only access 10 000 tonnes of scrap metal having to import the balance of 62%. Scrap metal is a
critical input in some domestic manufacturing businesses (Van Beukering and Bouman, 2001) (The
Periscope Report Quick Stats, 2020)

The shortage of scrap has further been compounded by continued exports mainly to South Africa
despite local foundry men’s willingness and capacity to consume all the available scrap metal at
competitive prices compared to what is obtaining across the border (Chingwere, 2018).

From the literature gathered the main challenges that are being faced by local recyclers include;
quality of steel products produced from the scrap

» Minimizing contamination with other metals.
» Energy sources as they typically rely on coal or electricity for heating
» Lack of efficient refining technologies to recycle future scrap feed.
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3. Methodology

The research design adopted was that of a mixed method approach, the researcher used survey
guestionnaire and interview to collect the data. Some of the sections in the research instrument are shown
in Table 1.

One of the objectives of the research study was to examine the current production methods being
used in the Zimbabwean recycling industry. Participants were asked to indicate the level of automation
in their industry by ticking an appropriate box. The participants were required to indicate the source of
energy required in the melting stage.

The research questions used are described in the table 1 below as qualitative or quantitative.

Table 1. Sample research question, type of research and data collection method.

Research Question Type of Data collection
research method

1. Briefly describe the current metal recycling production methods | Quantitative | Survey
that your firm uses.

2. To what extent do you agree or disagree that using Quantitative | Survey
unsustainable manual methods causes challenges in process
operation.

3. Are there any strategies that your organization have put in place | Qualitative Interview
to address the challenges being faced during your operation
process?

4. How do your products and process compare to those produced Qualitative Interview
by international companies that are highly automated and use
sustainable technologies?

5. In your own opinion why are metal scrap dealers opting to sell Qualitative Interview
scrap metals to companies outside Zimbabwe

6. What are the main factors that affects the adoption and use of Quantitative | Survey
sustainable technologies in the Zimbabwean metal recycling
industries?

Qualitative and quantitative methods was mainly used to collect both primary and secondary data.
The survey was done using questionnaires. The quantitative approach used managed to provide
information on the main challenges that the Zimbabwean metal recyclers are facing.

The main characteristic of qualitative research is that its outcomes are not measurable and
guantifiable, however its basic advantage is that it offers a complete description and analysis of a
research subject, without limiting the scope of the research and the nature of participant’s responses
(Collis & Hussey, 2003). The researcher used interviews which mainly gave a qualitative analysis and
survey questionnaires which contributed majorly to the quantitative analysis. The interviews helped the
researcher to get to know the challenges that the local recycling industries are facing. The questions in
the interview guide were explanatory and descriptive. The researcher also managed to get more
information regarding the study as the interview was interactive and, in some organizations, informal
giving the respondents freedom to express their views.

3.1 Ethical consideration

The researcher asked for permission first from the recycling companies before getting information from
their employees. To gain access to the targeted respondents, the researcher indicated to them about their
freedom to respond or not. To ensure confidentiality and credibility all the information that was collected
was used for academic purpose only. As a result, no information derived from this research will be
passed to a third party without the permission of the researcher.
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4. Presentation of Results
The research study focused on ascertaining the challenges or impacts of using manual production
methods in the Zimbabwean metal recycling industries.

Participants were first asked to indicate the level of automation and source of heat energy in their
industry by ticking an appropriate box. The detailed production methods were explained by respondents
who were interviewed and the details are described under the qualitative analysis.

Table 2. Current Metal Recycling Production Methods

Manual (only 1 | Semi-automated (at | Fully Automated Source of heat
or no automated | least 2 stages are (all stages are Renewable (solar or Non-
stages) automated) automated) biomass briquettes) Renewable
(coke or coal)
69 8 0 0 77

The results indicate that 90% of the respondents have highly manual processing methods, whilst 10%
have some stages automated. No respondent indicated that their process is fully automated. All the
respondents indicated that they are using non-renewable energy sources

Participants also indicated the extent to which they agree or disagree to challenges that the researcher
indicated were caused by using manual production methods. The responses were indicated using a 5-
point Likert scale. The results are presented in table 3 below.

Table 3: Challenges of Using Manual Production Methods

Statement Strongly | Agree | Neutral | Disagree | Strongly | Mean
agree disagree

Reduction in processing speeds 89.6% | 10.4% 0.0% 0.0% 0.0% 4.90
Reduction in operation profits 79.2% | 13.0% 5.2% 2.6% 0.0% 4.69
Reduction on product quality 66.2% | 24.7% 6.5% 1.3% 1.3% 4.53
Low price offers to scrap metal 39.0% | 28.6% | 20.8% 6.5% 5.2% 3.90
dealers
Lack of scrap metals 36.4% | 24.7% | 26.0% 9.1% 3.9% 3.81
High risk of getting injured 84.4% | 13.0% 2.6% 0.0% 0.0% 4.82
during operation.
Product contamination 64.9% | 22.1% | 10.4% 2.6% 0.0% 4.49
Flue gases that affect the 71.4% | 13.0% | 15.6% 0.0% 0.0% 4.56
operator and environment

According to table 3, the majority of the respondents strongly agreed that they were facing challenges
from using manual processing methods. The major challenges were reduction in operating speeds, profit,
product quality and high risk of getting injured during operation. A sizeable number of respondents
(39%) did not agree that the challenge of offering low prices to scrap dealers is due to the use of manual
production methods. Figure 1 below shows a graphical presentation of the challenges of using manual
production processes in recycling industries.
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Figure 1. Challenges of Using Manual Production Methods

The graphical presentation clearly indicates that a greater percentage strongly agreed that using
manual production processes have negative impacts. The above quantitative findings reveal that there
are negative impacts caused by using manual processing methods in Zimbabwean recycling industries.
The major challenges are reduction in processing speeds, poor quality products, high injury risks and
high production costs. These findings show that manual production methods have a negative impact on
the profitability of the industry. The findings are also supported by literature found on news websites
and local newspapers.

4.1 Reliability of the Questionnaire
The reliability of the questionnaire was tested using the Cronbach’s Alpha to ascertain if the findings
obtained are reliable. The reliability test run in the SPSS produced results presented in the table below.

Table 4: Questionnaire reliability

\Variable Icronbach's Alpha N of Items
|Current Production Methods 0.981 5
IChaIIenges of using manual production methods 0.943 8
|Factors affecting adoption of technologies 0.955 7
IOverall Cronbach’s Alpha 0.979 20

A score of .979 for the 20 items entered in the SPSS software was produced. According to Meyer
(2010) an overall Cronbach’s Alpha of more above .600 is recommended which shows that the
questionnaire was reliable
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4.2 Qualitative data analysis

Interviewees were asked to describe their process as either automated, semi-automated or highly
manual. The participants were also asked to describe their process operation in terms of sustainability.
None of the participants said their process was fully automated and/or sustainable. The majority of the
participants said their processes were highly manual with some pointing out that they have make shift
locally made crushing machines. One interviewee response is provided below;

Our processes are very simple and not automated. We use jack hammers to crush the scrap metal
that we would have selected using the handpicking methods. We remove plastics and some type of metals
that will not be fit for that particular feed stream. We use plastics and papers and wood sticks to start
the fire which will heat up the coal ashes that will melt our scrap metal. For now, sustainability is not
much an issue as we are just looking at providing for the family

The respondent stressed the point that the process is highly manual and for now they just want to
have a minimum profit to fend for their family

The study also looked at the safety of the current operating process in most local metal recycling
processes. Participants were asked about the injury risks associated with the operation processes. One
operator that owned a make shift grinder had this to say;

There are a lot of risks in our industry but due to experience fatalities only happen once in a while.
There is a high risk in operating the semi-automatic make shift grinder as it is open on top, any mistake
my hand or finger may be grinded. We also have healthy risk of contracting diseases as we do manual
separation the clean the scrap metal. There is high risk of being burnt by the fire we make using
charcoal, we also inhale a lot of gases from the heating processes that put us at risk of contracting
respiratory diseases.

The interviewee basically explained more on the challenges that face especially as small-scale
recyclers.

5. Discussion of results

The study established that there are negative impacts that affect the local metal recycling industry.
Both qualitative and quantitative data revealed the negative impacts of operating manually. The impacts
found were reduction in processing speeds, reduction in operation profits, and reduction on product
quality. The other impacts include low price offers to scrap metal dealers, lack of scrap metals, high risk
of getting injured during operation, product contamination and flue gases that affects the operator and
the environment. Prasanna 2022 indicated the negative effects of manual processes by indicating
advantages of automated technologies over manual processes. Unlike non automated recycling systems,
automation helps businesses stay profitable by increasing output, reducing errors, and saving time and
resources, also in a time of economic crisis, automation is a cost-cutting tool that can also help increase
productivity and profit (Prasanna 2022).

The findings revealed that manual processing methods negatively affect operation speeds. The time
taken during manual crushing and manual selection processes is long and it has an effect on the overall
operation process. This results in less products being produced per day as compared to automated
systems. The separation process takes a lot of time and sometimes due to error operators’ end up leaving
non-metals in the feed stream resulting in poor quality. Manual operation means more human resources
which increases the production costs. Negative impacts of manual processing methods were also
explained by Granta (2017) who indicated that unlike manual methods, automated machines do not have
breaks, sick leave or holidays, and therefore even if they are only running during normal shift hours.
This alone can often lead to a production increase of 140%-+, automated machinery can also typically
run faster and produce more accurately made products with fewer defects (Granta 2017).

The study established that there are a lot of risks in the local metal recycling industry. The risks
include being accidentally crushed by hammers. Other risks include healthy risk due to inhaling flue
gases from the heating processes. The gases also contribute to climate change as they are greenhouse
gases meaning they also affect the environment. There is also high risk of being burnt by the fire the
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recyclers make using charcoal. OSHA (2008) also indicated that employees involved in manual metal
recycling activities may be exposed to metal fumes, smoke, hot environments, and hot material when
working near furnaces, and may come in contact with metals that present hazards through both skin
contact and inhalation.

The research findings also revealed that the recyclers are also facing challenges of scrap metal despite
the high quantities of scrap metal in the country. The products produced by local recyclers are of poor
quality and are sold at low prices. This makes the recyclers offer less price on scrap metals resulting in
scrap metal dealers exporting scrap to get more money. Literature revealed that the government has put
a ban on metal exports but companies apply for waivers which is sometimes abused. The continued
export of scrap metal is resulting in shortages of scrap. Similarly, Chitaka’s study (2014) the export of
scrap metal was viewed as a great concern to recyclers as it reduces the chances of local beneficiation

6. Conclusion and recommendations

Zimbabwe has a lot of scrap metals which could be locally processed and improve the country’s GDP.
Most of the local metal recyclers are operating manually and are facing many challenges which
contributes to the reduction of profits and high risk of human and environmental health. The major
challenges that the study found include reduction in processing speeds, poor quality products, high
injury risks and high production costs. These findings show that manual production methods have a
negative impact on the profitability of the industry.

Recommendations

The researcher recommends the use of automated technologies in the Zimbabwean metal recycling
industry which increases convenience, operation speeds, product quality and profitability. Adoption of
technology in the recycling industry has been employed to increase recycling rates, keep up with
changing materials and products entering the waste stream and improve profitability for scrap metal
recyclers (ScrapWare, 2021). Automated technologies reduce health risks and reduces environmental
pollution. New recycling technologies, which arimproving, are one means of addressing current low
metal recycling rates (Reck B, 2012). There are many automated technologies available for use by the
metal recycling industry.
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Abstract. Quality improvement in projects is the final major process of quality management
in projects. Continuous quality improvement in projects, often referred to as continuous
improvement process in projects, is a continuous effort to improve project activities with the
aim of increasing the quality of products, services or processes resulting from the project.
The major quality improvement process will change continuously during the course of the
project and the responsibility for updating the quality improvement process lies with the
project manager.
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Introduction
Quality is considered a complex and fast moving function including a number of technical, economic,
aesthetic, ergonomic and reliability/maintainability conditions. Quality management is the set of
activities of the general management function of an organisation, which determines, in the field of
quality, the objectives and responsibilities it implements within the quality system, through means
such as quality planning, quality assurance, quality control and quality improvement. ”Project quality
management is the discipline that is applied to ensure that both the project outcomes and the
processes by which the outcomes are delivered meet the needs of stakeholders”, a definition
formulated by the Project Management Association of England [3]. In other words, project
management is an area of management that plans, directs and controls resources so that the project
goal is achieved within the allocated resources (financial resources, time resources, material
resources, information).

The project is defined as a "lot of activities” that contribute to a common goal, with its own
management and requiring a significant consumption of resources. [1]

The functions of quality management in projects are carried out within the four major processes
of quality management in projects: Quality Planning; Quality Assurance; Quality Control; Quality
Improvement, Figure 1.
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Quality planning —— ]

Quality assurance

Quality control

Quality improvement

Figure 1. The four major processes of quality management in projects.

Quality improvement in projects is the final major process of quality management in projects.
For the project manager, but also for the project implementation team, it will be an objective to be
achieved on a continuous (permanent) basis. The “Project Quality Improvement” process is an
overlapping process on top of all other major processes of project quality management. Quality
improvement will be done continuously in all phases of the project management.

Contents

In the late 1990s, the ISO 9001:2000 standard - which covered quality management systems and
principles - was debated by those involved in its application regarding the use of the word
”continuous” [9]. Representatives from the regulatory authorities decided that the use of the word
”continuous” was not applicable because it meant that an organization had to improve minute by
minute, whereas continuous improvement meant incremental improvement or improvement by
segments” [7]. The concept of “continuous improvement” is essential to the British Standards
Institute Publication 2019: BS 8624 Guide to continuous improvement: methods for quantification
[11]. BS 8624 describes the requirements for ”Continuous improvement” and provides methods and
examples of recognised techniques.

Continuous quality improvement in projects, often referred to as continuous improvement process
in projects, is a continuous effort to improve project activities with the aim of increasing the quality
of products, services or processes resulting from the project. These efforts take the form of
incremental “improvement over time” or ’breakthrough” improvement at a time [2]. The final project
product (deliverable) is evaluated by customers and is constantly meeting their requirements. This
allows evaluation and improvement based on collected data, efficiency, effectiveness and even
flexibility of processes within a project.

Often, continuous performance improvement is sought. It is believed that better performance
leads to better customer satisfaction. Largely true, but this implies additional costs and therefore a
higher cost of the product resulting from the project, all to the detriment of the beneficiary. This
principle does apply however, and is to involve all staff at all levels and in all entities in activities to
improve the distinctive capabilities of the project.

In Japan a new strategy of ”continuous improvement”, called KAIZEN (KAI = change, ZEN =
better) in Japanese, was invented and applied by Masaaki Imai (1986) (6). "KAIZEN” means
“continuous improvement involving everyone from managers to workers”. KAIZEN means a
systematic approach to closing the gap between customer expectations and process output
characteristics.

Walter Deming devised a continuous improvement process called the ”P-D-C-A cycle”, which
he introduced in Japan in 1950 and which is also called the Deming cycle. The four phases of this
cycle are: (P) - Planning improvement of the plan activities, (D) - Execution of the improvement
plan, (C) - Verification of the work performed, (A) - Action to correct the process. W. Edwards
Deming, a pioneer in the field, saw the quality improvement process as part of the ”system” by which
the feedback from the process and the customer was evaluated against organizational goals. Although
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it is called a management process it does not mean that it must be executed by the project ”"PM”, but
rather only that decisions will be made about project implementation.

Measurement and analysis of project data allow the project manager to draw correct conclusions
about errors, deviations, mistakes or changes that influence the project objectives and to decide the
necessary actions to achieve the project targets according to the planned budget, allocated time or
other resources established in the planning process [7]. Quality improvement will be done
continuously in all phases of project management. Measuring and analysing the results of each
project activity allows the implementation team, but mainly the project manager, to draw correct
conclusions on mistakes, deviations and errors that influence the quality objectives and thus to make
decisions to apply corrective or preventive actions in all phases of project implementation.

Quality improvement in projects can be seen as a process superimposed on quality control and
will be a permanent objective of the PM and the implementation team. Measuring, analysing and
diagnosing project data informs the project manager to draw conclusions on the implementation of
project and non-project activities (errors, deviations, mistakes or changes) that influence the project
objectives and to decide on the necessary actions to achieve the new project goals according to the
planned budget, allocated time or other resources established in the planning process.

If a quality improvement programme is to be implemented within a project, and the project results
are to be optimised, a methodology can be applied that includes the following steps E1-E7:

E1. Current status assessment of the project;

E2. Diagnosis based on inputs in the project processes;

E3. Defining new stage for the project and finding differences from the current implementation;

E4. Setting new project targets / adding on existing ones;

E5. Identify new activities and resources, reorganise existing ones;

EG6. Planning and implementing new project activities;

E7. Ongoing improvement of the project.

E1. Current status E3. Defining new stage E5. Identify new E7. Ongoing improvement
assessment of the for the project and activities and of the project by:
project finding differences resources, reorganise - rules, new procedures to
- analysis chart from the current existing ones follow;
- benchmarking implementation - developing new quality

markers

» )

\
==l

/
T [—

E2. Diagnosis based on E4. Setting new project E6. Planning and
inputs in the project targets / adding on implementing new
processes existing ones project activities

Figure 2. Methodology for continuous quality improvement of projects

The concept of continuous improvement can also be used in projects implemented by
organisations with environmental management systems (ISO 14000). The term “continuous
improvement” is used in ISO 14000, and is understood to refer to a continuous series of activities for
the purpose of increasing quality, each of which is carried out in a discrete,that means a “step-by-
step” manner. There are several differences between the concept of continuous improvement as
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applied to quality management in projects and quality management in environmental projects.
Continuous improvement in environmental projects aims to improve the natural impacts of the
products and activities resulting from the project. There is also no customer orientation in
environmental projects. It can be considered on the basis of the project quality methodology, shown
in the figure above, that the continuous improvement process in projects is in fact a meta-process for
most project quality management systems. One can thus consider quality management in business,
management, social projects etc.

Conclusions

- The major process of quality improvement in projects changes continuously and in real time
according to new project quality objectives, which are a moving target. It has been found in practice
that no project has evolved according to the initial planning, with the first management plan applied,
rules and new procedures to be followed have already been identified:;

- The result of current status assessment of the project of the overall quality objective and the
lower level objectives in the projects are input data, thus the outcome of the major quality
improvement process will change continuously during the course of the project and the responsibility
for updating the quality improvement process lies with the project manager.

- Improving quality in projects as a process the major process of quality assurance in projects
requires that the project implementation team includes people who have a thorough knowledge of
quality and mathematical statistics (graphs, charts, statistical interpretation etc.), which leads to
statistical quality improvement in large projects through the application of statistical control while
for small projects internal or external quality audits are used.
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Abstract: The aim of this study was to develop an enabling entrepreneurial ecosystem
framework for the formalisation of manufacturing Micro and Small Enterprises (MSESs) in
Harare, Zimbabwe. This study adopted a pragmatism research philosophy that adopts a mixed
methods research design. The population for the quantitative research consisted of around 2 000
metal fabricators and furniture manufacturers operating at Mbare-Magaba Siyaso and Glenview
Area 8 Home Industry Complex clusters and the sample was made up of 300 respondents.
Quantitative data was collected using structured closed-ended questionnaires and analysed using
the Statistical Package for Social Sciences (SPSS). Qualitative data was collected through in-
depth semi-structured face to face interviews and the population consisted of five directors at the
Ministry of Women Affairs, Community, Small and Medium Enterprise Development. However
the sample for qualitative data was made up of two directors. The findings from this study show
that informal manufacturing MSEs in Harare face several barriers to formalising their businesses
and the key entrepreneurial ecosystem factors are not currently available in the environment
where they operate. Furthermore, access to financial support, physical infrastructure, support
systems, domestic and export markets as well as favourable legal and regulatory framework were
considered as key to formalisation of the informal manufacturing MSEs. The findings from the
interviews show that the current Zimbabwe Micro, Small and Medium Enterprises Policy has
failed to ensure regularisation of the informal sector.

Keywords: Entrepreneurial ecosystem, formalisation, manufacturing, informal, MSEs,
pragmatism, Zimbabwe

1. Introduction and background

The entrepreneurial ecosystems concept, referred to EE henceforth, has rapidly gained impetus within
entrepreneurship domain and research circles. Several countries the world over are making strategic
decisions to regularise the shadow economy (Koos & Kok, 2014). From a global perspective, around two
billion workers, which represent 61.2% of the world’s working population are engaged in informal economy
employment (ILO, 2018). Informal employment is characterised by unsafe, harmful working conditions, low
skills levels, undefined workspaces, low incomes, lack of access to markets, finance, information, training,
technology and there are long working hours (Ibid). The informal enterprises are not registered and the
workers are not regulated by the labour laws as they do not have formal contracts. Similarly, Loayza (2018)
states that workers in the informal sector have less social safety nets compared to their counterparts in the
formal sector. Chodorow-Reich et al. (2020) highlighted that the workers operate in crowded places and they
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use cash and carry that increases chances of spreading diseases. The best way to address challenges outlined
above is through the transition to formality.

Considering the African continent, ILO STAT (2020) reported that the Sub-Saharan African (SSA)
region, compared to other regions in the world, has the highest number of labour force that are engaged
in the informal economy. In terms of figures, when the agriculture sector is excluded, the informal
economy in SSA region represents 76.8% of total employment and 89.2% if the agricultural employment
is included (ILO, 2018) and informal output was estimated at 62% of official GDP (lbid). From the
statistics given above, the SSA region has a long way to go in reducing the size of the informal economy
which has negative characteristics. Equally, Jayaram et al., (2020) states that the African continent has
over 300 million people who operate in the second economy and some choose to remain informal even
the formal institutions become more business friendly (Williams et al., 2016).

High levels of informality are prevalent in the developing nations and ILO (2020) estimated more
than 2 billion people which represent 60% of employees and 80% of enterprises. In North Africa and
the Middle East, the informal enterprises were found to account for at least 70% of employment and
over 80% in SSA and South Asia (ILO, 2019).

The World Bank (2020) report states that in Zimbabwe, the informal economy on average contributes
61% to the nation’s GDP. On the other hand, the same report highlighted that in Zambia the GDP was
standing at 33%, 53.3% in the DRC, 34% in Tanzania, 34.3 in Kenya, 39.1% in Ethiopia and 35% in
Malawi. The statistics show that Zimbabwe has the highest level of informality in the SADC region and
SSA in particular. Also, Medina et al., (2018) states that the Southern African region has GDP
contribution ranging between 40-50 percent and Zimbabwe has a 50% rate. The SSA’s informal sector
accounted for 80% of total employment and if the countries can account for production that take place,
it has the potential to contribute 55% of GDP (lbid). The figures indicate that the sector is important to
any nation. According to the Figure 1.1 below, Zimbabwe, Zambia, Swaziland, Mozambique and
Malawi had high informality levels between the years 2000 to 2015.
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Figure 1.1. Informal Economy Size in Southern African Countries from 2000 to 2015.
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From the Figure 1 above, we can see that informality in Southern Africa is high and the majority of
the countries in the study reported percentages of over 30%. On average, Zimbabwe is the highest with
above 60%, Swaziland second at 39%, Mozambigue and Malawi following with above 30%
respectively. Southern African governments have a lot of work to reduce the barriers to formalisation.
The enterprises that switch from informality to formality attains greater profit as well as value-added as
equated to the ones that remains unregistered (Boly, 2017).

This study seeks to identify the challenges of informality and to determine the barriers to
formalisation among the manufacturing MSEs. Furthermore, it seeks to identify the availability/status
of the EE factors for the informal manufacturing MSEs and determine the importance of EE factors to
formalisation of manufacturing MSEs. Lastly, the research determines the impact of formalisation on
the business performance of manufacturing MSEs and assesses the Zimbabwe MSMEs Policy in driving
formalisation of manufacturing MSEs.

2. Literature Review

2.1 What is an Entrepreneurial Ecosystem?

According to Mason & Brown (2014),an entrepreneurial ecosystem is “a set of interconnected
entrepreneurial actors (both potential and existing), entrepreneurial organizations (e.g. firms, venture
capitalists, business angels, banks), institutions (universities, public sector agencies, financial bodies)
and entrepreneurial processes (e.g. the business birth rate, numbers of high growth firms, levels of
‘blockbuster entrepreneurship’, number of serial entrepreneurs, degree of sellout mentality within firms
and levels of entrepreneurial ambition) which formally and informally coalesce to connect, mediate and
govern the performance within the local entrepreneurial environment.” “It is a set of interdependent
actors and factors coordinated in such a way that they enable productive entrepreneurship” (Stam, 2015).
However, Stam’s definition is extensively used in academic research as it broadly covers the EE concept.

2.2 Entrepreneurial Ecosystems Theories

2.2.1 Network Theory

Purbasari et al., (2019) defined network theory as “the mechanism and process of interaction in network
structures to get results for individuals and groups.” In a network,there are actors that create bonding that
help to unite them. They type of connections are correlated to achieve acommon goal. The actors are either
connected directly or indirectly. Boggati & Halgin (2011) highlight that network theory considers the
structure of the network, location of actors and identify ways they can produce outputs. Network theory
has been considered to be relevant in the EE domain because it comprises of factors and actors that
cooperate in a productive manner. The concept of ecosystem was developed from the network theory
(Letaifa et al., 2016). The theory can better be explained by looking at the interaction among
organisations with matching characteristics. The network theory has become very significant in
entrepreneurial literature and research circles. Purbasari et al., (2019) state that using the network
approach helps to identify and discover associations among actors so that value can be created.

2.2.2 Institutional Theory

The presence of institutions has actually enhanced the advancement of the society. In the academic
literature, the institutional theory has helped to advance entrepreneurial research. Mason & Brown
(2014) and Stam (2015) highlighted that any ecosystem is composed of formal and informal institutions.
Isenberg (2010, 2011) has the same view and state the different types institutions that exist in
entrepreneurial ecosystems and these are shown in the Figure 2.1 below.
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Institutional Bahram and Evans Neck et al. Isenberg (2010, 2011)
theory (1995) (2004)
Formal Leader users Incubators Innovative products
Institutions Universities and research Formal Facilitating policies
institutions networks
Private financing market Spin-offs Financing
Support infrastructure Physical Support infrastructure and
infrastructure institutions
Informal A talent base Informal Human resources
Institutions networks
Entrepreneurial spirit Culture Culture

Figure 2.1: Institutional Theory and EE elements. Source: Fuentelsaz et al., (2017)

Equally, formal and informal institutions are vital for the growth of a successful EE that fosters the
formalisation of informal MSEs. Governments should put in place conducive formal institutions in the
form of rules, regulations and other policies so that productive entrepreneurship takes place.

2.3 Definition of Informal Economy

According to IMF (2017), the informal economy, “comprises economic activities that circumvent costs
and are excluded from the benefits and rights incorporated in laws and administrative rules covering
property relationships, commercial licensing, labour contracts, torts, financial credit, and social
systems”. A study by ILO (2017) recognised the informal economy as “consisting of unregulated small-
scale firms that include carpenters, shop owners, restaurant owners, and grocers, employing ten or less
low-skilled employees, who works in dangerous conditions without social protection or health and safety
measures at the workplace.” Another definition by ILO (2016) states that “the informal economy are all
economic activities, excluding illegal activities, by workers and economic units that are in law or in
practice either not covered or insufficiently covered by formal arrangements”.

2.4 Definition of Informal Entrepreneurship

Autio & Fu (2015) defined informal entrepreneurship as “active engagement and managing a new
venture that produces or sells legitimate goods and services and is not registered with official authority.”
Likewise, Williams & Nadin (2013) defined informal entrepreneurship as “the process of engaging in
paid production and selling of goods and services that are legitimate in all respects, but not declared to
the state fortax and/or benefit purposes.”

2.5 Definition of Micro and Small Enterprises

ILO (2017) took the perspective of number of employees to define MSEs as “firms with less than 10 or
50 workers and medium-sized enterprises as those with less than 100 or 250 workers.” Using the World
Bank Enterprise Survey, Williams & Kedir (2017) defined micro enterprises as “businesses with less
than five workers.” The European Union has defined micro and small business as “enterprises that
employ at most 250 workers” (Stokes & Wilson, 2010). The description is based on headcounts, value
of assets and revenue as guiding standards. The Zimbabwe Small Enterprises Development Corporation
Amendment of 2011 defines micro enterprises to include entrepreneurs with without any employees or
enterprises with a maximum of 5 employees, small enterprises with 6 to 30 or 40 employees subject to
the sector and medium sized enterprises with 31 to 75 employees.
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2.6 Informality and MSEs Vulnerability

Feige (2016) states that at company level, informality comprises entirely the enterprises and
entrepreneurs that manufacture lawful goods and services which are however not compliant with the
country’s administrative laws and protocols, employment and fiscal regulations. The United National
Industrial Development Organisation and Unite Nations Office of Drugs and Crime (2012) highlight that
SMEs are more likely to suffer from bureaucratic bribery compared to the well- established ones. They
lack of financial capacity to exercise influence over the relatedgovernment institutions and officials that
control their activities. In addition, they are also susceptible to corruption at the hands of the state officials
due to limited negotiating power to deny requests for illicit payments. Inadequate legal support is another
challenge. The International Labour Organization (2018) cited risky and vulnerable work conditions as
coupled with ill-paid wages as other challenges faced by the informal entrepreneurs. In terms of
employment vulnerability rate, the SSA was projected at 72% in 2017 with 36% extreme working
poverty in the whole African country (ILO, 2018). In most SSA countries, women are at the receiving
end from the negative consequences of informality and there is a gender gap of above 70%. The majority
of the vulnerable groups are in the informal sector and with the consequences of Covid 19 pandemic,
Africa’s total informal employment and GDP has risen (ILO, 2020).

2.7 Informal Economy Theories

The modernist perspective according to Packard (2007) states that the presence of the informal economy
gestured “backwardness” and “underdevelopment” whereas formal entrepreneurship indicated
“progression,” “growth” and “improvement”. It assumes that the IE will eventually be engrossed into
the formal economy with the passing of time. The structuralist perspective regards the IE as a sector of
the economy that relies on the regulated economy. The assumption is lack of a clear separation between
the mainstream economy and the second economy. The neo-liberal perspective is premised upon the
assumption that high business registration costs and high bureaucracy are the key reasons for operating
in the hidden economy. They prefer conduct their business informally so that they circumvent
registration costs (Biles, 2009). The post-structuralist perspective theorists who include Roland Barthes
and Michael Foucault state that the hidden economic activities occur in pursuing a broad social band
that is external to the economic activities. The financial profit is not more important to the players than
other social reasons.

3. Materials and Methods

This study adopted a pragmatism research philosophy which takes a mixed methods research design.
The total population for the quantitative study was 2000 informal enterprises. There is no clear sampling
frame for the informal enterprises operating at the two clusters and the researchers used the population
used by previous researchers at the two clusters. A self-administered closed ended questionnaire survey
was used to collect data from a sample of 300 participants operating at Mbare-Magaba Siyaso and
Glenview Area 8 Home Industry Complex clusters. This study considered a value of at least 0.6 plus
Cronbanch’s alpha coefficient as the reliable values for positive internal consistency of the
questionnaire. The researcher used SPSS to calculate the coefficient (o) and this was done for each
section of the questionnaire to demonstrate the internal consistency of each subcategory. The availability
of survey was communicated through a pilot study of the questionnaires. Correlation tests were also
conducted in this research. A stratified random sampling method was used to select the sample in the
quantitative research. Data was analysed using the Statistical Package for Social Sciences (SPSS)
Version 22 software. The researcher summarised details about the participants for this study using
descriptive statistics in the form of pie charts, histograms and tables. For the qualitative research, the
population was made up of five directors within the Ministry of Women Affairs, Community, Small and
Medium Enterprises Development and a sample of 2 directors was used for the study. Purposive
sampling was used to select the interviewees for the qualitative study. Qualitative data was analysed
using content analysis. The validity of qualitative study was ensured through voluntary participation of
interviewees and the researcher requested to record the interview session so as not to lose the data. The
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participants were not given incentives to participate in the study. The researchers observed ethical
principles during data collection phase and the principle include anonymity and confidentially,
voluntary participation and informed consent.

4. Results and Discussions

4.1. Response Rate

The researcher distributed 300 total questionnaires at the two clusters that were under the focus of this
study. Out of the 300 distributed questionnaires, 183 questionnaires were returned and used in data
analysis and presentation, therefore 117 questionnaires were not returned. In terms of percentage, the
overall response is 61% which is a good response rate for the research findings to be generalised. The
researcher attributes the positive response rate to self-administration of the questionnaire and frequent
visiting of the clusters for data collection.

4.2 Reliability of the research instrument/Questionnaire
The Cronbanch’s Alpha was used to test the reliability of the questionnaire used in this survey. The
Figure 4.1 below shows a good internal consistence among the variables in the questionnaire.

Table 4.1. Cronbanch’s Alpha Reliability Test Results

Variable Cronbanch’s Alpha N of Items
Challenges of informality 0.933 7
Barriers to formalisation 0.782 9
Availability of Entrepreneurial Ecosystem Factors 0.613 10
Importance of Entrepreneurial Ecosystem Factors 0.774 10
Impact of Formalisation on Business Performance 0.876 7
Overall Cronbanch’s Alpha 0.733 43

4.3 Respondents’ Demographic Characteristics for Quantitative Research
Table 4.2. Demographic Characteristics

Demographic characteristic Items Frequencies

Sex Male 143
Female 40

Below 20 3

Age Ranges 21-30 years 45
31-40 years 73

41-50 43

51 and above 19

Primary 15

Secondary 92

Highest Level of Education Certificate 43
Diploma 19

Degree 14

Owner 44

Respondents’ Position in the | Owner and Manager 40
Business Manager 42
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Demographic characteristic Items Frequencies

Employee 57

The Table 4.2 above shows the demographic characteristics of the study participants. The results
revealed that males dominate the informal manufacturing business activities. This can be attributed to hard
work involved in manufacturing which most females find it difficult to execute. In addition,the findings
also revealed that the majority of the participants were aged between 31- 40. This shows that the young
generation is more involved in informal manufacturing businesses. The secondary educationdominated
the highest level of education. In addition, most respondents indicated that they are employees with a
frequency of 57, followed by owners with frequency of 44, managers with frequency of 42 and owner
and manager with frequency of 40.

4.4 Challenges of Informality

An unfavourable business environment
Insufficient access to credit

Lack of business networks and market intelligence
Lack of support from the government :

Limited training opportunities

Lack of adequate infrastructure

Lack of adequate equipment

0 20 40 60 80 100 120 140 160

= Disagree = Neutral = Agree = Strongly agree

Source: Research data (2022)
Figure 4.1. Challenges of Informality

The Figure 4.1 above shows that the majority of the respondents strongly agree that they are facing
challenges pertaining to the business environment they are working within, access to finance, business
networks and market, government support, inability to access training opportunities, lackof infrastructure
and equipment. The challenges identified play a significant role in inhibiting the transition to formality.

4.5. Barriers to Formalisation

4.5.1 Analysis of responses on aspect of the barriers to formalisation.

This study collected data on the barriers to formalisation by the manufacturing MSEs in Harare that are
located in Mbare-Magaba Siyaso and Glenview home industry complex. Figure 4.2 below shows the
results on from the questionnaire survey.
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Barriers to Formalisation
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Figure 4.2: Barriers to Formalisation

With regard to costly company registration process, the majority of respondents strongly agree that
it as expensive for them to register the company. In terms of difficult company registration process, most
respondents agree that it is a key factor contributing much for not registering their business. A few of
them disagree and strongly disagree that difficult company registration process is key barrier.

Furthermore, the majority of the informal manufacturers indicated that lack of information about
registration has been a barriers to business registration. Fear of taxation has been considered as the
major hindrance to formalisation by the study participants. They fear paying government tax if they
register their businesses.

Additionally, the majority of the respondents strongly agree that unclear support programmes and
incentives is a deterrent to business registration. Moreover, ineffective enforcement of regulations
concerning enterprise registration, lack of awareness on the benefits of company registration and
unfavourable business environment after registration were all considered as barriers to business
registration. Interesting to note is the fact that on the influence of inequality and poor institutions to
business registration, the majority were neutral.

4.6 Availability/Status of Entrepreneurial Ecosystem Factors
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Availability/Status of Entrepreneurial Ecosystem Factors
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Figure 4.3. Status of Entrepreneurial Ecosystem Factors

With regards to the availability of favourable government and regulatory framework, the results show
that the majority either disagree or strongly disagree on that aspect. Furthermore, participants were asked
to indicate the extent to which they agree about theavailability of finance in their business. The results
are very clear that access to finance a big challenge to the informal manufacturers. Most of the
respondents are of the view that human capital and skills development is lacking within their business
ecosystem. Although they are making their products, they need continuous skills-set upgrade to meet
changing current needs. In addition, the majority of respondents either strongly disagree or disagree
about the availability of access to market. The domestic and export market access is a big challenge to
the them. In terms of access to business networks or connectors, the majority disagree that they have
excellent connections. Most of the respondents were neutral to the availability of business leadership
within their business. However, more strongly agree and agree to the presence of business leadership
compared to those who disagree and strongly disagree. Support systems were said to be unavailable to
the informal metal fabricators and furniture manufacturers.

4.7 The Importance of Entrepreneurial Ecosystems Factors to Formalisation

This study sought to determine and rank the importance ten entrepreneurial ecosystem factors to
formalisation of the manufacturing MSEs. On a 5 point Likert scale, the respondents were asked to rate
each factor in terms of whether they think it is extremely important, important, neutral, unimportant and
extremely unimportant to their decision to register the business.

The Figure 4.4 below shows the results on importance of the 10 EE factors to business registration.
The results on the chart below shows that access to financial support, physical infrastructure, access to
domestic and export markets and support systems respectively and in that order, are the most rated EE
factors in formalising their businesses.
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Importance of Entrepreneurial Ecosystem Factors toFormalisation
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Figure 4.4: Importance of Entrepreneurial Ecosystem Factors Source: Research data (2022)

4.8 Analysis of responses on the impact of formalisation on business performance.

This study also sought to find out from the viewpoint of the informal business enterprises if registering
their businesses has any influence on the performance of their businesses. On a 5-point Likert scale, the
respondents provided their perspective on seven measures of business performance. The results are
presented in the Figure 4.5 below.

Impact of formalisation on Business Performance

Increases sales volumes

Increases production output and efficiency

Increases market share

Improves customer service

Improves employee performance

w

Positive impact on profitability

o

20 40 60 80 100 120 140

Strongly disagree Disagree ®Neutral mAgree mStrongly agree

Source: Research data
Figure 4.5. Impact of formalisation on business performance
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The results on Figure 4.5 above shows that the majority of the participants strongly agree
and agree respectively with the positive impact of the measures of business performance after
registering their companies. An incredibly low percentage of the respondents either disagree or
strongly disagree that their business performance will improve after formalisation of the
business.

4.8 Content Analysis of Qualitative Data

The researcher used content analysis to analyse qualitative data collected through interviews. This was
done by using a descriptive manner in contextualising the research findings. Word for word quotes from
the directors interviewed were regarded as very important in this study. The interview questions were
designed from the current Zimbabwe Micro, Small and Medium Enterprises (MSMESs) policy
framework. The following section shows the findings from the interviews conducted at the Ministry.

4.8.1 The simplification of tax laws and administration to ensure compliancy and formalisation by
MSMEs.

The study sought to find out the efforts made by the government through the MSMEs policy in
simplifying tax laws and their administration so as to drive formalisation. The interviewees’ responses
on this enabling regulatory and legal framework are provided below. R1 means respondent number 1
and R2 means Respondent number 2.

R1: “The Ministry of Women Affairs, Community, Small and Medium Enterprises Development
(MWCSMEsD) does not administer the Finance Act, but it developed by the Ministry of Finance. The
administration part is done by ZIMRA. However, the Ministry of Women Affairs, Community, Small and
Medium Enterprises Development is doing the lobbying for simplification of the tax systems.”

The interviewee stressed the point that the policy framework is a government policy not developed by
the Ministry. The Ministry is currently engaging other government authorities like ZIMRA to simplify
the taxes and their administration.

R1: “The Ministry of Women Affairs, Community, Small and Medium Enterprises Development does
not end in lobbying, but it also conducts education programmes in collaboration with ZIMRA. ZIMRA
explains the tax laws and obligations that are expected of MSMEs in paying taxes. The ministry and
ZIMRA are there together in spreading the gospel of tax simplification.”

The interviewee highlighted that some training programmes have been conducted in trying to educate
the small businesses on tax issues. However, the majority of the informal business may not be aware of
these programmes and there is need for improving publicity in this regard.

R2: “The government has introduced presumptive taxes for MSMEs through the Ministry of Finance.
There is no need to keep books of accounts and these allows the MSMES to pay taxes amount say per
quarter depending on the sector of the industry. The amounts are fixed despite revenue generated during
that period. The presumptive taxes are however favourable to a few MSMEs who generate high revenue
but most of the informal businesses find it difficult to pay the taxes due to low revenue.”

The government has made positive move towards simplification of the tax system as stated by the
interviewee above. However, for most MSMEs, the presumptive taxes have not been received with joy
as they do not earn much revenue. The disadvantage is that whether they generate more or little revenue,
they are required to pay a fixed tax amount which becomes a burden to them. Furthermore, the
MWCSMEsD needs to create awareness to the MSMEs on the presence of presumptive taxes as most
of them are not aware. The advantages and disadvantages of such taxes need to be explained clearly.
R2: “The ZIMRA annual reports for 2019 states that compliance is still very low despite the introduction
of the presumptive taxes. MSMEs that have filed compliance was about 50% but payment compliant was
around 30%. The challenges include ignorance and outright disobedience and low revenue.”

The low percentage of paying compliant clearly shows that it is because of fearing loss of income. In
terms of ignorance, the government through the MWCSMEsD should explain the advantage of
complying with tax laws compared to disobeying the laws.
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4.8.2 Collaboration between local authorities and MSMEs in reviewing by-laws that affect the
operations of MSEs.

The study also sought to discover the extent to which the local authorities have collaborated with the
MSMEs in reviewing some of the by-laws that affect business activities of MSEs. Information obtained
during the interviews include the following:

R1: “The government through the MWCSMESsD is working with local authorities in trying to bring the
MSMEs complying with the by-laws. From time to time, the local authorities are invited to ministry
programmes to explain the key by laws and also quite a number of meetings are held with the local
authorities to come up with a harmonised model by law that promote uniformity among the local
authorities with little variations.”

Noteworthy is the fact that no specific by-laws that promote the formalisation of informal MSMEs are
in the public domain. There is need to invest in publicity and make it clear on the ways in which the
small businesses operations are enhanced. The MSMES need to be aware of the by-laws that have been
reviewed in creating harmonised by-laws and the impact made to the registration process of MSMEs.
R2: “The challenge with most local authorities is lack of commitment to implement things that would
have been agreed. This can be attributed to polarisation of local authorities in terms of political circles.
It is difficult to separate politics and economic development and the polarisation is a setback in
achieving the policy goals.”

From the respondent above, it can be discovered that there are some divergent views between the
government policy and the local authorities. There seems to be lack of unity in driving the common
cause and issues of politics are not being separated from economic development matters.

4.8.3 Measures that have been taken to enhance the capacity of financial institutions critical to the
development of MSMEs.

This study also sought to find out the measures that have been taken to ensure access to finance for
MSMEs. The interviewees provided the following responses:

R2: “The government is in a process of capacitating institutions like the Small and Medium Enterprises
Development Corporations (SMEDCO), Zimbabwe Women Microfinance Bank and Empower Bank.
These are the institutions getting capitalisation from the treasury. Every year these institutions get an
allocation from the treasury through the Ministry.”

From the responses given by the interviewee above, it can be derived that the government is making
some efforts to capacitate the government institutions responsible for financing MSMEs. It however
seems as if the funds are not adequate enough as the data from quantitative research showed that most
informal manufacturing businesses are lacking financial support in their businesses.

R1: “The institutions got ZWL 500 million stimulus package for on lending to MSMEs and some have
received the funds although is not enough to fund all small businesses.”

Regarding the stimulus package, the government has made efforts in trying to fund some SMEs although
the money is not given for free. It is for on lending as stated by the interviewee R1 above. The findings
from the quantitative data analysis showed that financial support is not currently available in their
businesses. The information about the stimulus package for MSMEs is not known by most informal
enterprises and it is usually accessed by the registered SMEs. There are some challenges being faced in
trying to provide financial support to the informal businesses as highlighted below.

R1: “Biggest challenges are that most SMEs are not bankable, they do not keep records and they have
a culture of misuse of funds. In addition, they have a culture of not paying funds. What then happens is
that financial institutions then end up asking for collateral security, which the small businesses do not
have.”

The conditions highlighted above makes it hard for the informal businesses to access funding from the
government. Government can assist these unregistered businesses by acting as the guarantee of the debt
finance they access because they lack the collateral security. The culture of misuse of funds and not
paying back money should be addressed by the informal businesses themselves.
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R2: “Stimulus package for MSMESs provided to institutions like SMEDCO are revolving funds. The
MSMEs are supposed to pay back the money in order for the recapitalisation of the institutions.
Government used to give them money, but they could not pay back.”

The unregistered MSMEs should have register their businesses in order to access the money. The lack
of awareness about the availability of the funds is hindering the access to financial support as they could
not register their business in anticipation of accessing the funds.

4.8.4 Assistance to informal MSMEs for accessing local and export markets for their products.
The researcher also sought to find out the kind of assistance given to the MSMEs to ensure that they
access local and export markets. The following were the responses obtained during the interview
sessions.

R2: “The small businesses have been provided with an opportunity to exhibit at Expos like the Zimbabwe
International Trade Fair and the Harare Agricultural Show. Around 20 enterprises are given the
opportunity to market their products at the mentioned expos. There is also the SMEs Expo usually held
in October every year.”

R1: “Opportunities are also available for regional and international exhibitions. Examples of these
exhibitions include the Lusaka Agricultural Show, the Consumer Fair in Botswana and the Global Expo.
However, there is lack of resources to make sure that a good number of the SMEs attend the regional
and international Expos.”

The responses above show that from the government perspective, some efforts are being done to try to
create market spaces for small businesses. However, it was not made clear on what criteria is being used
to choose the participants at the expos. A few informal MSMEs are participating at the different expos.

4.8.5 Attraction of private investors to develop workspace and infrastructure for MSMESs under different
arrangements.

The study also sought to obtain information about whether the government and the Ministry have
attracted private investment to help expand and build workspace and other infrastructure. The Zimbabwe
MSMEs policy framework indicated that this goal would be achieved through different arrangement
with the private sector.

R1: “The development of workspace for the MSMEs is a very big challenge that requires a lot of
investment. There has been little infrastructure development over the past 20 years. However, the
government through the MWCSMESD is engaging the private sector like Old Mutual for the construction
of workspace.”

R2: “Property owners are being encouraged to plan with the SMEs in mind and some are constructing
factory shells industrial clusters like Magaba-Mbare Siyaso industrial area.”

The interviewees indicated that provision of adequate infrastructure is still a difficult task for the
government and the Ministry. A kind plea has been made for the private property owners to build with
a long-term mindset of accommodating the SMEs who lacks enough workspace and infrastructure.

4.8.6 Appropriate training programmes developed for MSMEs in collaboration with institutions of
higher learning, technical colleges and vocational training.

The researcher also sought to get information from the MWCSMEs development about any customised
training programmes designed in partnership with the institutions of higher education and the impact
made so far in that regard. Below are the responses from the interviewees:

R2: “The Ministry is conducting some training programmes in collaboration with the private sector and
public institutions. For examples Chinhoyi University of Technology (CUT) has collaborated with the
Ministry to train SMEs. However, the challenge is lack finance to fund the trainings.”

R1: “There is lack of regular evaluation and documentation on the trainings conducted for the MSME's.
In addition to that, there is lack of finance to spearhead the training programmes and this has resulted
in less impact noticed on the ground as we speak.”
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Training programmes are said to be conducted in collaboration with some private sector and public
sector organisations. However, there is lack of specifics on the key trainings conducted so far except
that Chinhoyi University of Technology has been training some SMEs in Mashonaland West Province.
One other challenge identified is the lack of documentation and evaluation of the impact made by the
training initiatives.

4.8.7 Policy initiatives being undertaken to support and strengthen the capacity of MSMEs to carry out
Research and Development (R&D)

The study also sought to find out information about some initiatives that the Ministry is undertaking or
has undertaken to support MSMEs research and development.

R2: “The Ministry is promoting R&D through awareness programmes and through collaboration with
the Research Council of Zimbabwe. However, economic challenges act as barriers to witnessing
meaningful R&D results.”

R1: “There is a general perception that the MSMEs do not take R&D seriously as they have other
pressing challenges and one other thing is that there is lack of documentation on the R&D efforts.”
The responses obtained above point to the fact that economic challenges are inhibiting the R&D support
initiatives. The small enterprises themselves are said to be not taking their research and development
efforts seriously.

4.8.8 Appropriate technological facilities such as technology parks, innovation hubs and technology
service centres established in selected provinces.

The study also sought to find out on the suitable technology facilities, if any, established in selected
provinces for access by the MSMEs. The interviewees of this qualitative research revealed the following
information.

R1: “Through the development of clusters, the Ministry is trying to ensure the access of ICTs facilities.
However, the access to ICTs pillar has been affected by the reconfiguration of the Ministry where the
technical services is now under the Ministry of Higher and Tertiary Education, Science and Technology
Development.”

R2: “The Ministry is also taking some SMEs to exhibitions and business match making programmes.”
The data obtained above identified the development of industrial clusters as one way in which the
Ministry is trying to promote access to production technologies. The reconfiguration of the technical
services from the MWCSMEsD to the Ministry of Higher and Tertiary Education, Science and
Technology Development has been considered as one thing that has affected the drive to achieve goals
for this policy strategic pillar.

5. Discussions

The study has shown that the informal manufacturing MSEs in Zimbabwe are facing many challenges
as a results of being informal. These enterprises also encounter a lot of barriers in a bid to register their
business and these include difficult and costly registration process, unclear support programmes and
incentives, high taxation after registration and unfavourable regulatory framework among other.

In terms of the availability of entrepreneurial ecosystem factors, the results have shown that most
of the factors are unavailable except for entrepreneurial culture.

The ranking of the entrepreneurial ecosystem factors for the registration of the business has shown
that the top key factors are: access to financial support, access to physical infrastructure, access to
support systems, access to domestic and export markets and access to favourable legal and regulatory
framework. Government need to ensure the availability of the most important factors in order to witness
transitioning to formality.

Mahembe (2011) carried out a study on the barriers to formalisation by small enterprises and found
that there are very few businesses in the informal economy that are aware of the registration process and
government support programmes. Lack of information has been attributed to the vast number of informal
enterprises that still remain in the informal sector.
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In another study by Ntema & Marais (2012) high informalisation in most African countries was
argued to be as a result of inadequate business skills and lack of education. The lack of unclear support
programmes by the government has also been identified as the key barrier to business
registration (Ibid).

A study by Chavis et al., (2010) that used the World Bank Enterprise Survey (2006 -2009)
for 123 nations revealed that around 31% of the small firms they studied considered access to
finance as a key constraint. The results are in line with the findings by Mupambireyi et al.,
(2014) that found that the entrepreneurs in the informal sector operates in dilapidated
infrastructure. They lack roof quality and adequate workspaces. Lack of education and training
was cited in a study carried in South Africa by Ngek & van Aardt Smit (2013) as one of the
main reason for SME failures.

A study by Stam (2015) used the factor analysis which showed that the framework
conditions have a major impact on the success of an EE compared to the systematic conditions.

The researcher has proposed a home grown entrepreneurial ecosystem framework for
spearheading the formalisation process.

The framework is very appropriate in providing an enabling entrepreneurial ecosystem that
will result in the voluntary and gradual formalisation of informal manufacturing MSEs. It looks
at the key factors or pillars of an entrepreneurial ecosystem and links each to actor(s). It was
developed considering the rankings on the important entrepreneurial ecosystem factors for the
registration of businesses.

5.1 Uniqueness of the Proposed EE Framework from other existing EE frameworks

The existing frameworks are just universal and they do not speak to a particular entrepreneurial. There
is need to develop different sets of EE frameworks for entrepreneurs operating in diverse industries. The
existing frameworks also did not show clear roles and interactions among the actors. Developing home
grown or localised entrepreneurial ecosystems that addresses the drawbacks of existing universal model
helps to advance literature.

The world cannot adopt have an EE framework that has been developed for other context (Isenberg,
2011). Formalisation is affected by various factors for in different African countries hence the need for
customised frameworks. It has actors like technology community and local authorities that are not found
in other frameworks. An improved environment for the voluntary and gradual formalisation of
manufacturing MSEs is created.
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Figure 5.1. Proposed EE Framework Source: Researcher’s Own Compilation (2022).

The framework consist of actors and factor that interact together in driving formalisation. The
informal enterprise is at the centre of the framework as indicated by the EE literature. New actors
not common in previous EE frameworks are the technology community and local authorities. The
framework is tailor-made to suit the Zimbabwean context as it is not a universal framework.

The presence of the EE factors as provided by the different actors will result in formalisation.
Informal manufacturing MSEs can witness improvement in business performance after
formalisation. Below is a table that shows each actor’s roles and justification for the roles.
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Table 5. 1. Actors’ roles and justification

Actor Role(s) Justification (s) for the actor(s) and
their roles in the proposed
framework

Universities, Provision of training and capacity building | The informal manufacturing MSEs are

Polytechnics and
Vocational Training
Centres

to informal manufacturing MSEs. The
tertiary institutions provide:
e Tailor-made short courses
e  Mentorship
e Research  and
collaborations
e Business advisory services and
e Micro and Small Enterprises
Conferences
e Business advisory services

development

lacking key skills in their businesses.
The skills include business
management, marketing, accounting,
finance, change management and
business planning.

It is the role of institutions of higher
learning to provide training to the
informal businesses so that they
improve business performance. Access
to these key services will drive
voluntary and gradual formalisation.

Technology Responsible for providing access to | The concept of technology community
Community technology infrastructure for MSEs. Some | has not been well embraced in academic
of the proposed infrastructure include: research circles and in entrepreneurial

e  MSEs incubators ecosystem literature.
e MSEs innovation hubs The government of Zimbabwe and the
e MSEs research parks and | Private institutions have not constructed
technology packs technology infrastructure in the form of
e MSEs cluster labs MSEs incubators, innovation hubs,
research parks, technology parks,
cluster labs and techno centres
accessible particularly by informal
manufacturing MSEs. Evidence from
the primary data collected during the
quantitative research revealed that the
informal manufacturing sector faces
challenges in accessing technology

infrastructure.

Banks These are responsible for providing | Despite the government effort to
Microfinance financial capital/support to the informal | provide access to finance, the huge
Institutions manufacturing MSEs in Harare. The capital | informal sector still has problems in
Government is the form of equity and debt. It includes: | accessing financial capital. The
Business Angel e Micro loans outcomes from the quantitative survey
Network Government grants revealed that the majority regards

Venture Capitalist
Network

Equity capital
Venture capital
Crowd funding
e Seed capital

financial support as not available and it
was ranked first in driving business
registration if made available.

Local Authorities

In the proposed EE framework, local
authorities have a role to play in helping
formalisation by the informal
manufacturers. They are responsible for
providing infrastructure in the form of:

e  Quality roads
Water
Electricity
Waste disposal technology
Transport facilities
Internet access at clusters

The role played by local authorities in

the development of an enabling
entrepreneurial ecosystem for the
formalisation of informal
manufacturing MSEs cannot  be

undermined. The findings from the
research  revealed that quality
infrastructure is currently not available.
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Actor

Role(s)

Justification (s) for the actor(s) and
their roles in the proposed
framework

Media
Private corporation

Non-Government
Organisations

These organisations are responsible for:

Disseminating information about
the business activities of informal
manufacturers

Providing business networks

Act as distribution channels

This study included the media in the
proposed strategy as they play a key role
in information dissemination.

Private corporations have established
business  networks that informal
business can benefit from.

providing a favourable regulatory and
administrative framework through:

Offering  tax  benefits  for
formalisation

Regulatory impact assessment
Regulatory best practices

One Stop Shops

(NGOs) e  Connecting informal enterprises to | NGOs can link the informal businesses
the market to local and export markets.
e Providing forward and backward
value chain linkages
Government The government is responsible for | The findings from the quantitative

research found that there is a lack of a
favourable regulatory and
administrative  framework for the
informal sector.

A favourable regulatory and legal
framework was ranked fifth in terms of
driving business registration if made

available. Government plays the role of

Property rights : -
developing the regulations.

Investment Policy Framework

The successful implementation of the EE framework on Figure 5.1 is expected to result in the
formalisation and improvement in performance of the informal manufacturing MSEs in Harare.

5. Recommendations and conclusion

The government should embark on creating awareness on the advantages of operating a formally
registered business compared to an unregistered business. Furthermore, some incentives should be
provided to the informal enterprises that voluntarily transition to formality. The incentives shouldinclude
tax holiday, availing of credit facilities at favourable rates, among others. Attention shouldbe put on
removing disincentives but rather make sure that incentive through access to different services is
guaranteed. The Zimbabwean government should reduce administrative barriers during the registration
process. The government should introduce One Stop Shops (OSSs) for informal business where they
access key government services. This will have a significant contribution in driving voluntary andgradual
formalisation if services are easily accessible and process made easier. Registration fees for informal
MSEs should also be minimised.

Tax laws should be simplified in order to ensure a business-friendly environment for the registered
businesses. Retrospective taxes should be avoided for voluntarily formalised MSEs. The government
and local authorities should minimises excessive licensing and statutory requirementfor the informal
businesses. During policy formulation on formalisation, the government should engage all key
stakeholders including the informal MSEs themselves for their input. Moreover, ‘one-size-fit-all” kind
of policies should be avoided. Entrepreneurs in eachsector of the economy have their special needs that
should be distinguished from the needs of operators in other sectors. Therefore, monolithic policy
framework is not likely to serve the needsof diverse groups of entrepreneurs. Policy measures should be
tailor made to suit different groups of informal entrepreneurs. Hence, appropriate policies should be
designed for different types of operators rather than adopting a ‘one-size-fits-all” approach. A monolithic
policy cannot be adequate in addressing of different informal sectors and entrepreneurs.

Local Authority Service Centres (LASCs) should be established so that the informal MSEs will
access key services offered by the city councils. The councils have a big role in the business activities
by the unregistered enterprises as they enact important by-laws. The role played by local authorities in
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the formalisation process cannot be undermined. Finally, Business Forums and Industry Association
Programmes for MSEs should be developed so that there is regular contact and interaction between the
informal MSEs and policy makers andother stakeholders. Through these platforms, ideas and obstacles
to formalisation are shared in order to develop lasting solutions to challenges.

The conclusion that can be made is that the Zimbabwe informal manufacturing MSEs can take a long
time to join the mainstream economy if no immediate solutions are provided through government policy.
Policies should target reducing the challenges faced by being informal and also eliminate the barriers to
business registration. Most of the identified challenges and barriers can be attributed to a lack of support
structures within the ecosystem.

The government of Zimbabwe need to open OSSs for informal MSEs where they can access key
services and this has a potential of speeding up the registration process. The legal and regulatory
frameworks should favour the informal MSEs. To sum it up, formalisation has a positive impact to
business success and the barriers and challenges negatively affect the performance of the businesses in
the informal sector.
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Abstract. The San Jose neighbourhood of Albuquerque, New Mexico, U.S.A., is one of the most
socioeconomically disadvantaged neighbourhoods in the nation. As is typical of such areas, it is
subjected to a disproportionate share of the costs of the city’s transportation system, while
receiving very few of the system’s benefits. This paper examines the major obstacles to the
development of an environmentally and socioeconomically sustainable transportation plan for
the neighbourhood. It then outlines a planning process that can assist the community to overcome
these obstacles.

Keywords: Sustainable transportation, transportation planning, land use planning,
environmental justice.

1. Introduction

A key component in the pursuit of sustainability is sustainable transportation. Globally, the
transportation sector directly accounts for a significant share of carbon emissions: 7,7 Gt of a total of
36,3 Gt CO; (21.2%) of energy-related emissions. [1] In addition, transportation contributes a significant
proportion of air and water pollutants, and transportation infrastructure causes major disruptions to
natural and built environments. [2] In the U.S.A., adverse environmental, social, and economic impacts
from transportation projects have historically fallen disproportionately on socioeconomically
disadvantaged communities, especially those of racial and ethnic minority status. [3][4][5][6] The
fundamental tenets of sustainability require that transportation planning take into account both
environmental and socioeconomic impacts and strive for an equitable distribution of positive as well as
negative outcomes. [7]

Recognizing the need to pursue equity in the outcomes of governmental planning processes,
environmental justice (EJ) was formalized as an important policy objective by Executive Order 12898,
which was issued by the Office of the President of the United States of America on February 16, 1994.
This policy was incorporated in the guidance for transportation project planning by the U.S. Department
of Transportation (DOT):

DOT incorporates EJ and equity principles into all transportation planning and decision-making
processes and project-specific environmental reviews.

The Department’s guiding EJ principles are briefly summarized as follows:

e To ensure the full and fair participation by all potentially affected communities in the

transportation decision-making process;
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e To avoid, minimize, or mitigate disproportionately high and adverse human health and
environmental effects, including social and economic effects, on minority or low-income

populations; and
o To prevent the denial of, reduction in, or significant delay in the receipt of benefits by minority

or low-income populations. [8]
However, even though environmental justice has been a broad policy objective of the U.S.
government and a specific objective of the Department of Transportation for close to thirty years,

ensuring EJ compliance has been challenging. [9]
This paper discusses the transportation challenges faced by an urban, socioeconomically

disadvantaged community

2. Characteristics of the San Jose neighbourhood in Albuquerque, New Mexico

The San Jose neighbourhood is located in Albuquerque’s southeast quadrant. Its boundaries are defined
by major transportation corridors: it is bounded to the east by Interstate 25, to the west by the tracks of
the Burlington Northern and Santa Fe (FNSF) railroad tracks, to the south by Rio Bravo Boulevard, and
to the north by Gibson and Broadway Boulevards and Kathryn Avenue (Figure 1). The northern half of
the neighbourhood is primarily residential, while the southern portion features largely industrial uses

(the areas adjacent to the residential areas are zoned for heavy industry).
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Figure 1. San Jose neighbourhood, Albuquergque, New Mexico

San Jose was settled in the late 1830s or early 1840s by Hispanic farmers and existed as a self-
governing village through World War I, after which it was absorbed by the city of Albuquerque. After
the railroad reached Albuquerque in 1880, an increasing number of its residents were employed by the
Santa Fe Railway, primarily at the shops which were located just north of the community. [10] The
decline of the railroad industry in the 1950s and 1960s caused job losses and population loss. Since then,
San Jose has continued to be populated predominantly by minority residents with low incomes, leading
to a marginalized population without a voice to oppose the heavy industry encroaching onto its borders.
The heavy industry and close proximity to the interstate contribute to high levels of heavy vehicle traffic
and visual blight, resulting in many sources of air, water and noise pollution. [11]
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2.1 Socioeconomic characteristics

According to the 2020 census, the San Jose neighbourhood has a population of 2.843. A significant
proportion of the residents (21,8%) are immigrants, primarily from Mexico. The neighbourhood’s
median income of $28.912 is well below that of the State of New Mexico ($51.243), and of the U.S.A.
as a whole ($67.521). In fact, San Jose is one of the lowest income areas in the U.S.A., ranking below
90,3% of the nation’s neighbourhoods. With 46,4% of children living below the federal poverty line,
San Jose has a childhood poverty rate that is worse than 91,9% of U.S. neighbourhoods. [12]

Most of the residents are employed is lower wage occupations. Almost 45% of the working
population is employed in retail sales and the service sector. About 22% are in manufacturing and
manual labour, and 16,5% are in clerical and technical support occupations. [12] The unemployment
rate is close to 8%, which is significantly worse than the New Mexico (4,4%) and national (3,7%) rates.
[13]

The U.S. Census Bureau maintains a web-based mapping and reporting application known as
OnTheMap, which uses the Bureau’s Longitudinal Employer-Household Dynamics data to show where
employers work and live. This tool shows that almost 98% of employed residents work outside their
neighbourhood. In fact, over 10% of employed residents work more than 10 miles away. Over 90% of
employed residents report that owning a car is essential for getting to work and, therefore, for remaining
employed. [14]

2.2 Challenges posed by the transportation infrastructure

The railroad that marks the west boundary of San Jose attracts a high concentration of heavy industrial
activity. Rail car movements at the freight rail yard towards the south edge of the neighbourhood at the
at-grade road crossing often blocks traffic on Woodward Road for up to 20 minutes according to
residents. Both trains and semi-trucks idle for extended periods of time at the rail yard and elsewhere in
the neighbourhood, subjecting residents to unpleasant noise and harmful exhaust fumes.

Although the railroad tracks running along the west side of the neighbourhood serve the Rail Runner
(heavy rail) commuter line, the line has only one stop, at the southwestern limit of the neighbourhood
(Figure 2) . This stop, on Rio Bravo Boulevard, serves only commercial and industrial properties, as it
is quite far from the neighbourhood’s residential areas (which are concentrated on its northern part).

Alvarado
Transportation
Center

Figure 2. Public transit system in the vicinity of San Jose neighbourhood
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In addition, only a single bus route, No. 16 (see Figure 2) is adjacent to the neighbourhood. This
route has a few stops on the streets that form San Jose’s northern boundary: Broadway Boulevard and
Kathryn Avenue. These stops are too far from most of the neighbourhood’s residential properties to be
accessible by foot, though they may be accessible by bicycle. Albuquerque’s bus rapid transit system
runs east-to-west along Central Avenue and, at its closest, is 3 km away so it also is of no benefit to the
residents of San Jose.

Albuquerque Sunport (Albuquerque’s International Airport) is essentially adjacent to San Jose, as it
is directly east of Interstate 24 where that freeway forms the neighbourhood’s eastern boundary.
However, there are not public transportation means for San Jose residents to access either the airport or
the freeway. The airport, and Kirtland Airforce Base, which is essentially an eastward continuation of
the airport, have had very large negative impacts on the community, primarily through fuel storage
facilities that serve them. Leakages from these facilities that went on for decades, have contaminated
the area’s groundwater. Clean-up and remediation of this contamination has been very difficult.
Remediation activities have been going on for more than 30 years and have been funded largely through
the U.S. federal government’s Superfund law. [15] The airport and freeway are also major sources of
noise, air, and surface water and soil pollution (through surface runoff).

To compound these existing problems, Bernalillo County is planning a roadway and intersection
modification to extend Sunport Boulevard, which currently terminates at Interstate 25, to connect to the
eastern end of Woodward Road. To relieve congestion at two interstate freeway off-ramps, Bernalillo
County officials are in the process of extending Sunport Boulevard through the San Jose
Neighbourhood. The extension would also provide additional means of accessing the Albuquerque
International Airport (Sunport) for those living on the southwest side of town. The neighbourhood
residents are concerned about the impact of increased traffic through their residential area, which is
expected to climb from 6.000 vehicles per day to over 21.000.

The proponents of the extension project claim that connecting Sunport Boulevard to Broadway
Boulevard facilitates access to the airport from the West Side of Albuquerque and eases traffic for the
Gibson Boulevard and Sunport Boulevard interchanges at 1-25. They consider the extension as a
necessary response to Albuquerque’s growing population. The community, however, has many concerns
about this project. Some critics worry that it will adversely impact existing toxic waste clean-up sites
and air quality in the area. The project is scheduled to disrupt six wells that are being used for clean-up
and monitoring activities relating to the toxic contaminants of the aquifer on which many of the residents
rely for drinking water supply. This may cause significant delays in the clean-up process. [15] In
addition, neighbourhood residents who live on Williams Street are worried that their street will become
a cut-through for truck traffic when trains block the at-grade rail crossing.

3. Alternative transportation strategies and policies

3.1 Walking and bicycling
Research on transportation alternatives to single-occupancy vehicle travel has documented the benefits
of walking and bicycling both on human health and on the environment. The U.S. Federal Highway
Administration (FHWA) recognizes the following as primary measurements quantifying the benefits of
bicycling and walking:

* Reduced fossil fuel use

» Lower emissions of carbon dioxide (CO2), carbon monoxide(CO), nitrogen oxides (NOXx), and

volatile organic compounds (VOCSs)

» Lightened roadway congestion at peak travel times

+ Fewer VMT (vehicle miles traveled)

» Lower body mass index and increased physical activity
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Encouraging bicycling and walking requires ensuring that adequate walking and bicycle facilities
exist. For walking, this includes sidewalks, public spaces, street lighting and safe street crossings. For
bicycling, this includes relatively wide curb lanes, on-street bike lanes or off-street bike paths, bicycle
parking and traffic calming. Factors such as an area’s socioeconomics, the character of the built
environment, and personal preferences and attitudes can affect the amount of bicycling and walking in
a community.

Analysis of bicycling facilities shows those cities with a greater supply of bike paths and lanes have
higher bike commute levels. Furthermore, research on environmental factors associated with walking
shows the aesthetic nature of the local environment, the convenience of facilities for walking (footpaths,
trails), accessibility of places to walk to (shops and recreation and employment centres), and traffic
volume on roads have all been found to be associated with walking for particular purposes.

Implementation would require not only significant funding but also considerable coordination with
other aspects of comprehensive planning such as land use, public transit, and policy. Land use strategies
would define access needs for an area—as an example, a grocery store or retail establishment would
require pedestrian access. Similarly public transit strategies would define the bus routes which may in
turn influence designing the walking and bicycling networks.

3.2 Public transit
Buses are the most widely used form of mass transit in America due mainly to their cost effectiveness
compared to that of other forms of public transportation such as light rail, commuter rail, and heavy rail
systems. [16] Bus systems move people effectively while addressing issues of congestion and air quality
due to high volumes of auto and truck traffic. Public transit can be more economical than vehicle
ownership and less stressful than driving. It reduces the demand for parking and increasing roadway
capacity and provides access and mobility to individuals who do not have access to a car. [17][18]

Light rail is a mode of urban transport using fixed guide ways often but not always in dedicated right
of ways separated from other transportation. Unlike freight rail, light rail is designed to handle
passengers rather than freight, and as a result can deliver high mobility to its users. The rail system can
provide point-specific development options given the dedicated access for retail, residential, and
business commuters. Light rail benefits from locating transit stops at high-density points that concentrate
travel destinations such as downtown centres or business centres within residential communities.

Commuter and heavy rail differ from light rail in that these rail systems are high-capacity, high-speed
systems. Both commuter and heavy rail systems use the same gauge of tracks due to the availability of
equipment for construction and maintenance of the infrastructure, and the flexibility of using the same
rail infrastructure for both passengers and freight. Trains vary in size from three to twelve cars dependent
upon route length, frequency and volume. Commuter rail best serves regional systems, which connect
multiple municipalities

Bus Rapid Transit (BRT) emulates the look and feel of light rail while maintaining the flexibility and
lower cost of operating on any paved road. Most BRT systems provide dedicated lanes for buses to
avoid conflict and delays associated with sharing right of way with other vehicles. Buses are often larger,
articulated buses, which stop less frequently than local bus lines and run more frequently. Other features
associated with BRT include improved stations, off-vehicle fare collection, near-level boarding (which
facilitates the boarding of persons with disabilities), peak headways of 15 minutes or less, and unique
branding. [19]

3.3 Policy options

In economic theory and analysis, traffic congestion is the result of a market failure. Driving on a

congested roadway generates costs to the driver, as well as to the environment, the road infrastructure,

and other drivers. However, these costs are diluted among all roadway users. The marginal cost to a

single driver is minimal compared to the perceived benefits of using even a congested roadway.
Neoclassical economic theory posits that congestion pricing policies would monetize the cost of

driving and, consequently, internalize that cost to each individual driver. Properly calculated congestion
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pricing would increase the overall efficiency of the transportation system. This would be achieved by
charging car drivers as many as possible of the negative externalities that result directly from that
person’s vehicle use, including air pollution, water polluted by road runoff, degradation of soil, and
adverse health impacts resulting from vehicle emissions. Placing a direct cost on the full spectrum of
costs from driving not only dissuades drivers from taking nonessential trips during peak hours, it also
generates revenue that can be used fund key transportation improvement projects such as remediating
environmental impacts or improving alternative transportation infrastructure. [20]

The Complete Streets initiative incorporates these economic proposals in ways that are designed to
accommodate all users, including bicyclists, pedestrians, public transit users, and private car users. By
adopting a Complete Streets policy communities direct their transportation planners and engineers to
routinely design and operate the entire right of way to enable safe access for all users, regardless of age,
ability, or mode of transportation. This means that every transportation project should make the street
network better and safer for drivers, transit users, pedestrians, and bicyclists, improving safety and
quallty of life. An ideal Complete Streets policy:

Includes a vision for how and why the community wants to complete its streets.

* Specifies that ‘all users’ includes pedestrians, bicyclists and transit passengers of all ages and

abilities, as well as trucks, buses and automobiles.

» Applies to both new and retrofit projects, including design, planning, maintenance, and

operations, for the entire right of way.

» Makes any exceptions specific and sets a clear procedure that requires high level approval of

exceptions. [21]

4. Implementation

4.1 Creation of a community planning and action group

San Jose is among the oldest and most culturally diverse but also most socioeconomically disadvantaged
neighbourhoods of Albuquerque. Because almost all of its housing is surrounded by major transportation
infrastructure and mostly light but also some heavy industry, its residents have been subject to serious
adverse environmental impacts. The neighbourhood is a prime example of environmental injustice. Both
general federal government and specific U.S. Department of Transportation policies to promote
environmental justice should be applied to this community.

An important requirement of these policies is engaging the community in all transportation project
planning and implementation processes. [8] To promote effective community engagement, a committee
comprised of residents and property owners should be established to identify the community’s
transportation and land use planning issues, to represent the community to the city and county, and to
engage with local, state, and federal planning agencies. The committee should serve several functions,
among them:

» Create and promote a “Neighbourhood Vision for Sustainable Transportation.”

» Collect community concerns and ideas in land use and transportation.

» Collaborate with the city, county, and MPO in planning workshops, outreach efforts, and public

hearings.

» Provide feedback to the community, and education, on public planning processes, available

options, timelines, and related trade-offs.

4.2 Establish truck routes and weight restrictions

With the exception of the Big Bear Petroleum-Honstein Oil activity on Commercial Street, heavy trucks
have no need to enter or travel through the San Jose neighbourhood. If the community employs a weight
restriction on the residential streets, it would effectively limit heavy vehicles to clearly established truck
routes outside the perimeter of the neighbourhood. The truck routes would circumnavigate the
community on Bridge Boulevard-Avenida Cesar Chavez, Broadway Boulevard, Woodward Road, and
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2nd Street. Trucks would be explicitly prohibited from Williams Street and all other cross-streets from
Stadium Boulevard to Bethel Avenue.

In order to guarantee truck compliance and restrict cut-through, Williams Street and all
residential/community roads connecting to Broadway should be clearly marked with “no trucks” and/or
“weight restriction” signage (recommend 5-ton limit) and the installation of engineering controls
(physical barriers to trucks) such as traffic circles, at all neighbourhood entrances. As traffic circles are
often perceived as inconvenient to motorists, the community planning committee must educate residents
on the needs and benefits of the circles to garner support.

4.3 Engage in comprehensive land use planning and zoning efforts

The extension of Sunport Boulevard into the community will create pressure for development of vacant
land in the area where the ramp from the bridge over I-25 will bring the extension to ground level. This
will be close to the geographic centre of the community and, therefore close to the residential areas. In
order to protect the residents from additional adverse impacts from vehicle traffic, it should be
emphasised in planning processes that the San Jose neighbourhood has greater potential than simple
industrial expansion. Development of vacant land should not result in increased heavy truck traffic and
industrial growth so close to residential areas should be prohibited. The Sunport Extension should be
used as a foundation for a new land use vision for the neighbourhood. Zoning policies should be utilized
to guide this change. Rather than continued industrial development, vacant land should be rezoned for
hotels, restaurants, light commercial, and other uses that will support both the airport and the
community.

Zoning efforts can be used to establish light commercial buffer zones between residential and
industrial areas. Community involvement in local zoning should focus on efforts that encourage the
types of enterprises and economic activities in which residents are currently employed. The location of
retail sale establishments, restaurants, hotels, etc. starting in the parts of the neighbourhood that will
become directly connected to the airport and the freeway will make it possible for community residents
to work much closer to home. This will reduce their need to use private automobile transportation and
will shorten or eliminate their commutes, resulting in a much more sustainable transportation system for
the neighbourhood. In addition, such development will form a buffer area and prevent encroachment by
industry. Zoning should focus on selectively promoting optimal (given local conditions) mixed-use
solutions that incorporate residential, commercial, and other uses where compatible. It has been shown
that mixed land use with deliberate design and planning has been effective at encouraging walking,
cycling and transit ridership, while at the same time reducing dependency on the personal automobile.
[22][23]

4.4 Clean air initiatives

Clean Air initiatives and anti-idling legislation combined with effective enforcement are successful at
reducing diesel particulate matter (DPM) and improving local air quality. Parked trucks, those waiting
at intersections, idling locomotives, and old outdated diesel engines all contribute significantly to poor
air quality. Any measure to reduce or eliminate these pollution sources will improve air quality (and
reduce noise and vibration) in the San Jose community. Several courses of action are available, and all
will require extensive effort and coordination.

The long term solution to idling and clean air issues is to engage state legislators in the issue and
highlight the merits of a statewide Clean Air Campaign as a proactive measure to prevent New Mexico
from incurring EPA’s Air Quality nonattainment status. The use of alternative fuels (natural gas, bio-
fuels, etc) and hybrid technologies have shown progress in controlling emissions and improving air
quality. The identification of major equipment operators in the area, and their fleet conversion to cleaner
technologies could have measurable results to local air quality. Again, incentives and legislative
mandates serve as encouragement for companies to make the necessary investments in equipment
renewal.
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5. Conclusions

5.1 Summary of findings

Albuquerque’s San Jose neighbourhood faces many social, economic, and environmental challenges.
The neighbourhood already suffers from the impacts of heavy industry and a transportation system that
meets very few of the community’s needs. The Sunport Boulevard extension project has the potential to
add to and intensify the existing transportation-related problems. The purpose of this paper is to address
the most critical of these problems and provide the community with recommendations for planning
processes that can lead to an environmentally and socially sustainable transportation system for San
Jose.

The creation of a community planning and action group is an essential step for the residents to claim
agency and be able to control the process of transportation planning for their community. The existence
of such a group also has the potential to improve communication between community members and the
city, as it is a setting within which information, ideas, and concerns of both sides can be presented and
discussed. A good relationship between stakeholders allows honest and direct conversation, enabling
solutions that benefit both sides. Community input can, for example, steer development from the Sunport
Boulevard extension project in a direction that will benefit community residents as well as the city’s
economy.

5.2 Limitations and recommendations for future research

The purpose of this research is to identify the main obstacles to a sustainable transportation system for
the San Jose neighbourhood of Albuguerque, New Mexico, and to offer the outlines of a planning
process that is capable of overcoming these obstacles. It is not possible for us to develop any specific
recommendations regarding transportation planning, such as bus routes, bicycle and pedestrian
pathways, or roadway improvements. We also cannot offer specific recommendations regarding land
development, such as what types of zoning would be most appropriate for specific locations or on what
land parcels specific types of businesses, such as hotels, restaurants, or retail are most appropriately
placed.

Such specific recommendations would require quantitative assessments such as models of travel
demand, traffic congestion, air pollutant emission and dispersion, economic impacts of development
projects, etc. These assessments would produce data that would be utilized by the transportation
planning process which would be set up to address the community’s multiple problems.

As the Sunport Boulevard extension project is about to begin, the San Jose neighbourhood is at the
threshold of a major change in its transportation system. This is a significant challenge but also an
important opportunity. We hope that this research will motivate the multiple and varied quantitative
assessments that are needed in order to determine the costs and benefits of different transportation and
land use options and set the stage for the development of a sustainable transportation system for San
Jose.
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Abstract. In this paper, aspects regarding lubricants, their classification, their influence on the
environment and their areas of use are presented. Lubrication represents an important process
for various equipment and machines with moving parts. The correct choice of lubricant can
lead to increased energy efficiency and at the same time decrease the rate of wear of various
moving elements. We must take into account the fact that the choice of the lubricant requires
special attention because at the moment a large part of the lubricants used are those based on
mineral oils, which leads to damage to the environment, human health and high costs.
According to the above, we can turn our interest to biodegradable lubricants (based on
vegetable oils and animal fats), because they represent renewable and easily biodegradable
resources.

Keywords: biodegradable, lubricants, properties, viscosity.

1. Introduction

According to the Standard ASTM Designation G40-95 [1], the lubricant is represented by any substance
interposed between two surfaces in order to reduce friction and/or wear between them. Some authors [2],
[3] state that the lubricant represents the third body interposed between the surfaces of the friction
coupling. This may be naturally present or may be intentionally introduced to reduce friction and wear
and/or to dissipate heat generated by friction. Although the term lubricant often suggests oils or thick
greases, these being the most used lubrication materials, the notion of lubricant is much broader, being
represented by a wide variety of substances in all states of aggregation [2]. Figure 1 shows the schematic
representation of the interaction between two surfaces in relative motion.
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Figure 1. Schematic representation of the interaction between two surfaces in relative motion with the

highlighting of the three basic phenomena specific to tribology [3].
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There is a growing interest in research studies on the use of oils from renewable resources as
substitutes for mineral oils, but these are not on a large economic scale and the processing technology
to the lubricant is not yet very cost-effective. Hence the interest of researchers to study their
rheological and tribological behavior. Human activity since the beginning of society has required
technologies and materials to reduce friction to transport materials in construction, agriculture, but
also in other fields of activity [2]. Figure 2 shows the classification of lubricants.

Types of lubricants

1
|| 1 1 1

Liquid Semisolid Solid Gaseous
|| ! 1
. Unconventional : | Ductile metals Air
Oils lubricants Thick greases and alloys
| |Vegetable| | | Metallic soaps, [ | .
or animal Water silica gel, clays Plastic products
HEVT | Synovial | | Materials with
Mineral lubricant lamellar structure
. Fused materials:
— Synthetics | Hg, Na, glass, etc — Ozyx
Technological fluids, | | Other metal or
emulsions, acids, freons ceramic materials

Figure 2. Classification of lubricants [2].

2. Biodegradability of lubricants

Biodegradable lubricants have a long history. Specifically, natural oils and fats, being made up of
unsaturated triglycerides, such as castor oil, palm oil, soybean oil, tallow, lard are historically well
documented for their lubricating properties. However, their range of use is generally limited by lower
stability against thermal and hydrolytic oxidative stress and partially inferior cold flow properties.
These limits can be improved in several ways, for example by chemical or genetic modification or by
additive [4].

The often-used prefix "bio" refers to an association with a renewable resource of biological origin,
such resources generally excluding fossil fuels. Biodegradation is the decomposition or chemical
transformation of a substance caused by organisms or their enzymes.

Biodegradability is not just a "property" or characteristic of a substance, but is also a system
concept, i.e., a system with conditions that can determine whether a substance in it is biodegradable.

For the most part, when the term "biodegradable" is used to describe a lubricant product, it means
that the product is more biodegradable than petroleum-based stocks or formulations [4].

The key to recipes for biodegradable lubricants is closely related to two aspects: the selection of the
base oil and the selection of the additive package, which establishes an acceptable compromise in
terms of biodegradability, performance and price. The main groups of base fluids that would meet the
above requirements, which also have practical applicability, are synthetic esters, natural esters and
polyglycols (these are also part of the classification of biodegradable lubricants) [2], followed by fatty
oils, mineral base fluids, synthetic base fluids and complex esters:

o natural esters (vegetable oils) - such as those obtained from rapeseed, sunflower or soybean
seeds);
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o synthetic esters (esters of dicarboxylic acids or polyolesters) from mineral or vegetable base
oils;
¢ polyglycols (especially polyethylene glycols) from mineral base oils.

2.1 Properties of biodegradable lubricants

The evaluation characteristics of lubricants are included in two main groups: physico-chemical
characteristics and performance characteristics. The physico-chemical characteristics can be divided
into two categories: recognition (commercial) and rheological. When designing, approving,
manufacturing, choosing and recommending lubricants, these characteristics must be examined as a
whole. From the product catalogs, norms and quality standards, information is obtained especially
regarding the (commercial) recognition characteristics, this of course being subjected to quality
guarantees. From the point of view of the manufacturer and the user, it is important to know more
about the respective lubricants, namely, other characteristics related to their operating behavior [2].

Tabel 1 shows physico-chemical properties of vegetable oils.

Table 1. Physico-chemical properties of vegetable oils [5]-[9].

Property
Oil type Density \ﬁscosiry 121512;1:1120 }EJ:EE;?EC Sapo]_ln:c.‘iﬁa -;atlon Acid value f;gixuft ﬂjﬂ;}:‘l I::;lﬂa
kg]  dex mATC ] [mekoHg] MEFOHEl ) ) [mgng)

Rubber tree

seed oil 0.922 182 32.80 - 206 13 9 295 135
Cocomut ol 0.925 159 29.00 - 265 0.4 22 320 9
g}f’ﬂ"“ﬁ 0.934 176 40.05 8.65 186 4 -18 332 127
Soybean oil - 219 32.93 8.08 189 0.16 9 240 144
Eﬁpesc@d - 216 45.60 10.07 180 1.40 -12 240 104
Jojoba oil - 233 24.90 6.43 94.69 1.10 9 - 98

Vegetable or natural oils are triglycerides of natural fatty acids, for example palmitic acid, stearic
acid, oleic acid, vegetable oils, linolenic acid, etc. Due to the relatively high content of unsaturated
fatty acids, natural oils tend to have low oxidation stability. A high unsaturated acid content is
characterized by a lower iodine number which in turn tends to result in higher solidification
temperatures. This means poorer cold flow behavior. Rapeseed oils present a fairly good compromise
between low temperature behavior and oxidation stability [10]. Low temperature flow properties and
oxidative stability and especially the relationship between the two are related to the fatty acid profile
of the oil [11].

3. Impact of lubricants on the environment
Biodegradable lubricant formulation is a reversal from the current mineral oil dominated lubricant
market. It is accepted that over 90% of all lubricants could be rapidly biodegradable. Currently, some
countries in Western Europe and Scandinavia are the largest consumers of biodegradable lubricants. In
2005, in Germany, 5% of lubricating base oils were rapidly biodegradable esters (natural and
synthetic). Over the years, the focus on lubricants has shifted from biodegradability to regenerability.
This influences the design of such products. Descriptors such as green or compatible lubricants
suggest that there is no interaction with the environment. Since any oily substance stains the soil, it has
been suggested that the term "environmentally friendly lubricants" expresses minimal damage and
danger to nature [12], [13].
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3.1 Driving forces for reducing environmental impact

Ways and measures to reduce environmental damage that mean overcoming or at least reducing the
problems caused by the contact of lubricants with the environment in general are initiated or
intensified by the following driving forces [11]:

Environmental facts;

Public awareness;

Government directives and regulations;

Globalization of markets;

Economic incentives.

Bartz [11] pointed out that no Iubricant can be truly environmentally friendly (i.e. not harming the
environment); at best, a lubricant can remain environmentally neutral (i.e. harmless). The best that can
be hoped for is that the lubricant affects the environment to an acceptable degree (minimum impact).

Consideration of the environmental aspects of lubricants should cover the entire life cycle from
production to disposal. In particular, the production and use of lubricants should not cause resource
depletion, disposal problems, waste formation or emissions, should have low energy consumption,
should not present health hazards, should be ecotoxicologically acceptable and rapidly biodegradable.

The terminology used in relation to "environmental compatibility" is both subjective
(unmeasurable) and objective (measurable). The subjective criteria are ecological and compatible with
the environment. The objective criteria for "bio lubricants" are biodegradability of at least 60%
according to OECD 301 (aerobic biodegradation test) or 80% according to CEC L-33-A-93 (test
method for biodegradability) [4].

4. Fields of use of biodegradable lubricants
Lubricants are used in various industrial applications. The most important categories in which
lubricants are used are [14]:
e Oils used in industrial applications such as machine oils, compressor oils, metalworking fluids
and hydraulic oils, etc.;
o Automotive oils used in the automotive and transportation industry, such as engine oils, gears,
transmission fluids, gear oils, brake and hydraulic fluids, etc.;
e Special oils such as process oils, white oils, tool oils, etc.

Biodegradable lubricants offer significant advantages as an alternative lubricant for industrial and
maintenance applications due to their inherent superior qualities. Due to the environmental benefits of
biodegradable lubricants, they allow their use in sensitive environments and ensure pollution
prevention. Biodegradable lubricants have the ability to be used in various industrial and maintenance
applications [15].

4.1 Experimental studies of biodegradable lubricants for different applications

Ibrahim et al. [16] carried out a study in which they experimentally analyze the performance of
sunflower oil and soybean oil as lubricants for helical gears. The machine used for the experimental
testing was a gear test rig. Oil input data for the tests were taken periodically from the gear test facility
over 80 consecutive hours. Qil performance properties such as kinematic viscosity were measured
immediately after oil sampling using Brookfield LVDV-II with PRO digital programmable
viscometer. The kinematic viscosity parameter was measured in ¢St units at temperatures of 40°C and
100°C using the ASTM D445-06 method [17]. All measured data were subsequently compared with
the SAE 75W synthetic gear lubricant brand Renolin B10 [16]. Following experimental results show
that sunflower oil, soybean oil and Renolin B10 have similar viscosity properties at high temperatures,
but soybean oil has poor properties at low temperatures compared to sunflower oil. At low
temperatures, soybean oil is less viscous, which can affect the contact surface between the two gears.
The oil will allow the surface to contact each other and cause friction to increase and damage to the
gear surface will occur. This can lead to reduced gear life in low temperature applications [18].
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According to the above, we can say that sunflower oil is suitable as a lubricant for bevel gears
compared to soybean oil which is in the SAE 75W classification. By comparison, sunflower and
soybean oils have poor low temperature properties and have a wide range of viscosity over a
temperature range that indicates the oil will not perform well throughout. However, both sunflower
and soybean oils can perform well at higher temperatures [16].

In 2011, Majdan et al. [19] carried out an experimental study in which they present a comparison of
the quality of two fluids. The first was the UTTO type mineral oil that is commonly used in the
transmission and hydraulic systems of agricultural tractors. The second fluid tested was a
biodegradable hydraulic fluid of the ERTTO type that could replace toxic mineral oil. Both fluids were
tested under the same test conditions using a special test device according to STN 11 9287 (1983).
Selected hydrostatic pump parameters were evaluated. The tests were evaluated according to the
parameters that describe the technical condition of the hydrostatic pump as follows: the flow
efficiency, the decrease in the flow efficiency and the level of cleanliness of the tested fluid. Based on
the results obtained, we can state that the biodegradable hydraulic fluid does not exert any harmful
influence on the technical condition of the hydrostatic pump. Therefore, the tested biodegradable fluid
can be used for agricultural tractors. The selected parameters have been shown to be suitable for
evaluating the hydraulic fluid during its working performance.

Permsuwan et al. [20] conducted tests to determine the effect of vegetable oils on piston deposits
and cylinder bore deposit formation, engine oil consumption and viscosity stability when used in a
gasoline engine on a period, representing the normal oil change period (i.e., 7 hours with a low tank
refill compared to 250 hours of full tank operation). The method used to evaluate the degree of varnish
deposition was Demerit Rating (DR), which is a standard method of the Petroleum Institute [21].

Several vegetable oils have been tested with this technique and satisfactory results have been
obtained. The vegetable oils selected for testing were: R30 castor oil (which is a high-performance
castor base oil), crude castor oil (which is unprocessed and toxic), and pure coconut oil. The tests were
carried out on a Villiers C-30 industrial gasoline engine. The motor load was supplied by a coupled
generator having an adjustable electrical resistance. The duration of the test for each oil was 7 hours
[20]. The viscosity of the tested vegetable oils was raised using this type of test, namely, R30 castor
oil (which is a commercial high-performance race car oil), its viscosity increased by 37% during the 7-
hour test period and coconut and castor oil could be used as engine lubricants in the test engine.
During testing, the engine ran with these oils without any problems or breakdowns. The results show
that all vegetable oils protect the piston jacket from lacquer deposition. Crude castor oil gave the best
result as there was no deposit on any area of the piston except the crown. Coconut oil also gave a good
result with little deposit in the first ring groove. Coconut oil crown deposition was the lowest [20].

Lovell et al. [22] conducted an experimental study in which they introduced and analysed a new
environmentally friendly lubricant to determine its potential use in sheet metal stamping processes.
This lubricant is based on a combination of boric acid and rapeseed oil, both of which are natural,
environmentally friendly and have independently demonstrated good lubrication potential. To evaluate
the frictional characteristics of rapeseed oil and boric acid lubricant in a forming operation, a strip
stretch friction simulator was used. Using the test apparatus, the coefficient of friction between the
mold and a steel sheet was measured for four different lubrication conditions: unlubricated, canola oil,
transmission fluid, and a combination of boric acid and canola oil. The author demonstrated that this
apparatus effectively models the deformation behavior encountered in a deep drawing process and
accurately reproduces the frictional effects experienced during sheet bending. Based on the
experimental results, the boric acid and canola oil lubricant significantly outperformed the other
lubrication conditions in terms of measured friction coefficient, final sheet surface properties, and
overall sheet formability. These results indicate that boric acid and canola oil lubricant has substantial
potential to provide the manufacturing community with a commercially reliable and environmentally
friendly alternative that will enable the forming of complex parts.

In their paper, A.V. Radulescu et al. [23] determined the main rheological properties of pork fat,
which is one of the most important sources of animal fat waste in the food industry. From this point of
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view, two kinds of pork fat were tested: pork fat from the back of the neck and from the breast. The
measuring equipment for the tests was a Brookfield Cap 2000+ rotary cone and plate viscometer. The
viscometer uses CAPCALC32 software for complete control and data analysis. The viscometer is
suitable for digital data acquisition and provides the ability to determine the variation of viscosity as a
function of temperature. All measurements can normally be made in a temperature range between 5
and 75°C [24], [25]. Three types of tests were performed for these greases: shear tests, time influence
on viscosity and temperature performance.

Following the experimental results, the conclusions are as follows [23]:

¢ The rheological properties of pork fat depend on the portion of the pork body from which they
were collected;

e Pork fat has an important thixotropic behavior, due to the breaking of the structure when
shearing at a given rate;

e The transition area, between semi-plastic and fluid behavior, is accentuated for a range of
temperatures between 25°C and 35°C;

e The appearance of pork fat, in a fluid state, depends on the portion of the pork body from which
it was collected.

The paper of I. Radulescu [26] is focused on the rheological study of biodegradable fats based on
rapeseed oil and beeswax, added with graphene or graphite nanoparticles. For this study, 4 types of
grease samples were prepared, namely: pure grease, additive grease, with antioxidant (1%) and
antiwear additives (2%), graphene grease, with antioxidant (1%), antiwear (2 %) and graphene powder
(0.5%), graphite grease, with antioxidant (1%), antiwear (2%) and thermally expanded graphite
(0.5%). Each of them was thermally analyzed in the temperature range of 20°C...50°C. Rheological
tests were performed using a Brookfield CAP 2000+ viscometer with cone and plate geometry. The
experimental test consists of a loading from 10 s! to 2000 s shear rate gradient, followed by an
unloading to highlight the thixotropy of the lubricant - "shear memory". The experimental results show
that the addition of nanoparticles increases the homogeneity of the grease and increases the range of
use of biodegradable lubricants up to the melting point of beeswax. The highest values of the yield
point and viscosity are obtained for the grease added with graphite nanoparticles, compared to the one
added with graphene nanoparticles. From the adhesion point of view, graphite nanoparticle grease is
more suitable than graphite nanoparticle grease.

5. Viscosity index

5.1 Variation of viscosity with temperature for vegetable oils
The viscosity index (VI) is an arbitrary measure of the change in viscosity of a fluid in relation to a
change in temperature. It is also defined as the dimensionless number that indicates how changing
temperature can affect the viscosity of an oil (engine oil and automatic transmission oils and power
steering fluids). The higher the VI, the smaller the change in fluid viscosity for a given change in
temperature, and vice versa. Thus, a fluid with a low viscosity index will experience a relatively large
change in viscosity as the temperature changes. Liquids with high VI, on the other hand, are less
affected by temperature changes [27].

The ASTM D2270 standard calculates the viscosity index by measuring the kinetic viscosity of oils
at 40°C and 100°C [27] using the relationship below:

L-U (1)

VI = X 100,
L—-H

where [28]:
e VI =viscosity index;
e L = kinematic viscosity at 40°C of an oil of 0 viscosity index, having the same kinematic
viscosity at 100 °C as the oil whose viscosity index is to be calculated, mm?/s;
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e H = kinematic viscosity at 40°C of an oil of 100 viscosity index, having the same kinematic
viscosity at 100 °C as the oil whose viscosity index is to be calculated, mm?/s;
e U = kinematic viscosity at 40°C of the oil whose viscosity index is to be calculated, mm?/s.
Another indication of the change in kinematics viscosity with temperature, which is less arbitrary
than the viscosity index, is the viscosity-temperature coefficient (VTC) defined by the relationship [29]:
VTC = A—B (2)
==

where:
e A =viscosity (mm?¥s) at 40°C;
e B =viscosity (mm?/s) at 100°C.

Table 2. Experimental results of biodegradable oils regarding viscosity index and temperature-
viscosity coefficient

Oil Kinematic Kinematic Viscosity Viscosity temperature
viscosity at 40 °C  viscosity at 100 index (V1) coefficient (VTC)
(mm?/s) °C (mm?/s)
Rubber seed oil 32.80 7.02 184 0.7860
Coconut oil 29.00 6.02 161 0.7924
Sunflower oil 40.05 8.65 203 0.7840
Soybean oil 32.93 8.08 234 0.7546
Rapeseed oil 45.60 10.07 216 0.7792
Jojoba oil 24.90 6.43 231 0.7418

Table 2 shows experimental results regarding the characteristics of biodegradable oils (rubber seed
oil, coconut oil, sunflower oil, soybean oil, rapeseed oil, jojoba oil) together with the kinematic
viscosity at temperatures of 40°C and 100°C corresponding to each oil, with which the viscosity index
could be determined using relation (1) and the temperature-viscosity coefficient using relation (3).

From Table 2 it can be seen that the values for VTC are much lower than those of VI, so we can
see that the highest value for VTC is represented by coconut oil, and the lowest by jojoba oil. From the
point of view of VI, coconut oil has the lowest VI, and the highest is represented by soybean oil.

The viscosity index could also be determined using the ASTM D 134 chart, as can be seen in
Figure .

ASTM D 341 diagram for determining the viscosity index (V1) of
vegetable oils
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Figure 3. ASTM D 341 diagram for determining the VI viscosity index of vegetable oils
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Kinematic viscosities for temperatures of 40°C and 100°C were plotted in Figure 4 for the six oils.
These points were joined by lines for each component separately. The lower the viscosity index, the
less dependent the viscosity is on temperature variation.

From Figure 4 it can be seen that jojoba oil has the smallest slope, which means that the viscosity
variation with temperature is smaller.

100

Rubber seed oil
Coconut oil
Sunflower oil
Soybean oil
10 —&8— Rapeseed oil

Jojoba oil

Kinematic viscosity (mm?/s)

35 40 45 50 55 60 65 70 75 80 85 90 95 100 105
Temperature °C

Figure 4. ASTM D341 chart for determining the viscosity index (V1) of vegetable oils with
logarithmic kinematic viscosity

6. Conclusions
Following the theoretical research carried out in this first report, it was found that biodegradable
lubricants are of great interest both from the point of view of the environment and for their use in
agricultural, food, hydraulic machinery, etc., but also their testing to identify properties and
influencing factors. For these biodegradable lubricants, vegetable oils, polyglycols and synthetic ester
oils can be used as base oils. Replacing petroleum-based lubricants (which are an exhaustible resource
and at the same time polluting the environment) with vegetable oils will represent a renewable
resource over time.

The viscosity of biodegradable oils varies with their temperature, as the viscosity decreases, the
temperature increases because the molecules vibrate more and interact less [29].
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Abstract. Currants and gooseberries are part of the category of consumer goods, being appreciated
both for their special taste and for their healing properties, being very rich in antioxidants and
bringing health benefits, and for this reason they are used in food and pharmaceutical industry.
The paper presents: the description of the area chosen for the establishment of the plantation, the
currant and gooseberry varieties, diseases and pests, the planting technology, maintenance and
harvesting of the fruits and the economic analysis of the business.

Keywords: Currants, gooseberries, juice, pests, technology, economic analysis.

Introduction

Blackcurrant and gooseberry are specific with early fruiting, from the fourth year after planting, with
growing productions up to the 6th year. The fruits are rich in vitamin C, organic acids and mineral salts
with a role in strengthening the human body and improving health.

In addition to the fruits, consumed in processed, frozen or dehydrated form (teas), the leaves and
especially the buds, which are rich in essential volatile oils with antibacterial and cicatrizing properties,
can also be used.

The main blackcurrant varieties grown in our country are: Tsema, Deea, Abanos, Amurg, Perla
negrag, Record 35, the redcurrants: Early Red, Jonkheer van Tets, Abundent, Houghton Castle, and the
whitecurrants: Pearl, Blank and Smoleaninovskaya.

Gooseberry varieties are divided into two groups, namely varieties with thorns (Ruschii and Invicta) and
varieties without thorns (Verda). The fruits have various colors from pale green, yellowish green to
greenish yellow and from pink to dark red or violet.
The most common diseases and pests of currant and gooseberry are: Pseudopeziza ribes, Sphaerotheca
mors-uvae., Cronartium ribicola, Botrytis cinerea, Abraxas grossulariata, Synanthedon tipuliformis,
Quadraspidiotus perniciosus and Cryptomyzus ribis.

94


mailto:schiopuemilcatalin@yahoo.com

Journal of Research and Innovation for Sustainable Society (JRISS)
Volume 4, Issue 2, 2022

ISSN: 2668-0416

Thoth Publishing House

The technology of establishment and maintenance of currant and gooseberry culture

a) Technology of establishment until entering the fruit
Land preparation. It consists in removing the plant residues of the preceding crop at least two months
before planting, followed by the leveling of the land and the execution of a deep plowing of 35-50 cm.
Lands sheltered from winds and cold air currents are chosen.
Density. Planting density is chosen depending on soil maintenance work and fruit harvesting technology
1.5 m is chosen between the rows, and 0.8 m is chosen between the cuttings on the same row.
Support system. The support system is made of concrete trellises with three or four wires and a distance
between them of 8 m.
Irrigation system. Two irrigation systems can be used, namely sprinkler irrigation or drip irrigation.
Planting period. Planting of cuttings is carried out in autumn at the end of October. The cuttings are
planted so that the entire root and 3-4 cm of the stem enter the planting hole. The soil is compacted very
well around the plant and 5 - 6 liters of water are added.
Ground maintenance. Between the rows and in each row, the land is kept clean by performing weeding
and weeding works. Spacing between lines is not recommended.

b) Technologies applied after entering the fruit
Irrigation. During dry periods, sprinkler or drip irrigation is done 5 - 7 times per season depending on the
rainfall during the growing season.
Fruiting cuttings. It is carried out starting from the 6th year when the crown of the bush is fully formed,
the broken, diseased, dry branches and those that fill the bush are removed. The lateral branches are
shortened to a length of 20-25 cm.
Ground maintenance. It is kept free of weeds along the row by hoeing or mulching.
Fertilization. NPK doses of 15:15:15 are applied in fruit plantations.
Fruit harvesting and storage. Fruit harvesting is chosen according to the method of utilization. For
industrial processing, picking begins in May, when the fruits are still green. For fresh consumption, the
fruits are harvested at full maturity, when the skin is transparent, and the pulp is soft. Fruits are stored in
cool rooms for 5-6 days or in cold stores at a temperature of -0.5-1.0 OC for 7-8 weeks. Harvesting is
done manually or mechanized.

Presentation of the planting plan and the technological stages

1) Planting plan

It is proposed to establish a plantation of fruit bushes of the currant and gooseberry species in Balteni
commune (Gorj County) on an area of 2 ha, of which 1.5 ha of black currant and 0.5 ha of gooseberry.
After analyzing the characteristics of the currant and gooseberry varieties, presented in the specialized
literature, it was decided to cultivate blackcurrant of the Tsema variety, and for gooseberries, the Verda
variety.

The proposed plantation plan for the project implementation period is presented in table 1.

Table 1. Plantation plan

Current Number Plantation Name Planting Area [ha]
1 Currant 1.5

2 Goosberry 0.5

Total 2

A modern, intensive system of establishment and exploitation of the mixed currant/gooseberry culture
will be adopted within the fruit bushes plantation, characterized by the application of efficient work
methods that require minimal labor consumption and low operating costs. The realization of the project
will mean the capitalization of a whole series of economic opportunities (free land, access to the road,
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free water) and social (creation of new jobs), with favorable effects in the development of the local
economy (local input suppliers will be stimulated). services, etc.), as well as in increasing local budget
revenues.

I1) Calculation of the material requirements for the establishment of the plantation
Calculation of the nutrition area for the currant plantation in an intensive system

Where:

Ns — nutrition space;

Rd — distance between rows (4 m);

Ps — the space between plants in a row (0.5 m).

Calculation of the number of cuttings for the cultivated area of 1.5 ha

P
Cr=ﬁa+p

S
~ 15,000

+10%

= 7,500 + 750
= 8,250 currant cuttings

Where:

Cr — the number of cuttings required,;

Pa — the area that is desired to be planted (Pa = 15,000 m2);
Ns — nutrition space (2 m2);

p — required filler cuttings (10% of Cr).

Calculation of the nutrition area for gooseberry plantation in intensive system
Ny = Ry X P;

=15x0.8
= 1.2 m?

Where:

Ns — nutrition space;

Rd — distance between rows (1.5 m);

Ps — the space between plants in a row (0.8 m).

Calculation of the number of cuttings for the crop area of 0.5 ha

B,
C. =2+
PN TP
_ 5,000 +10%
T 12 0

=4,166 + 416
= 4,582 goosberry cuttings
Where:
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Cr — the number of cuttings required,;

Pa — the area that is desired to be planted (Pa = 5,000 m2);
Ns — nutrition space (1.2 m2);

p — required filler cuttings (10% of Cr).

I11) Calculation of water requirements
The water requirement for the 1.5 ha of blackcurrants
QHZO = Ny - N7y,
=280-10
= 2,800 (m3/ha) - 1.5
= 4,200 m3
Where:
Qu,o - the water requirement for irrigation of the plantation during the growing season.
No — watering norm (280 m3/ha).
Nrw- the number of waterings (10 waterings).

The water requirement for the 0.5 ha of yellow gooseberry
QHZO = Ny - N1y,
=320-5
= 1,600 (m3/ha) - 0.5
=800 m3
Where:
Qu,o - the water requirement for irrigation of the plantation during the growing season.
No — watering norm (320 m3/ha).
Nrw— the number of waterings (5 waterings).

Description of the technological flow for obtaining currant and gooseberry juice

The technology of obtaining juice, the production of currants and gooseberries goes through the following
stages:

Qualitative and quantitative reception. The qualitative reception consists of:

- the external examination of the batch;

- the organoleptic examination (taste, smell, aroma);

- physical-chemical analyzes (consistency, pH, acidity, soluble dry matter).

Temporary storaging. Only if the flow of raw material exceeds the processing capacity, temporary
storaging carried out.

Sorting. The sorting of the fruits will be done on each batch separately. On this occasion leaves, unripe
fruits, rotten fruits, crushed fruits or other impurities will be removed.

Washing. The washing operation must be carried out in order to completely remove any mineral
impurities (traces of earth), but especially to remove any traces of the chemical substances used in the
treatments against pests.

Cleaning. The rachis and peduncle of the fruits are removed.

Crushing. A good crusher must cut a homogeneous, fine-grained pulp, without large pieces, but without a
pasty consistency.

Pasteurization - cooling. The operation of heating the crushed currants/gooseberries is particularly
important because the anthocyanin substances are mainly located in the skin, being difficult to extract by
pressing.
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Enzymatic maceration. It is the operation through which the fruits are thermally treated to facilitate the
extraction of coloring substances from the skin.

Pressing. It is the most used method for obtaining juices.

Enzymatic clarification. It is recommended for treating juices rich in pectic substances and for obtaining
concentrated juices, in order to reduce viscosity and avoid the phenomenon of gelation.

Filtering. This operation is necessary to ensure the transparency and stability of the product.

Preparation of sugar syrup. To prepare the sugar syrup, calculate and weigh the amount of sugar required
for production depending on the variety of currants/gooseberries and the size of the mixture, then
calculate the volume of water required.

Coupling. Assembling the ingredients to obtain the blend is based on two processes:

» a physical process, of dissolving the ingredients;

* a mechanical, mixing and homogenizing process.

The principle underlying the preparation of the blend is "what dissolves in what".

Packaging. The packaging of the products must process from fruits and vegetables must exclude any
possibility of their contamination involving two distinct technological operations: dosing the product and
closing the container.

Pasteurization. Pasteurization aims to destroy the remaining microorganisms in the juice to prevent it
from spoiling during the warranty period.

Storing. The purpose of storage is to preserve the integrity and quality of the finished product.

Table 2 shows the material balance centralizer.

Table 2. Material balance for obtaining currant and gooseberry juice

Operation The amount of incoming | The amount of materials | Loss
materials, kg/day released, kg/day
1.Quialitative and | 500 500 0%
guantitative reception
2.Temporary storaging 500 490 1%
3.Sorting 490 475.3 3%
4. Washing 475.3 467.87 1.5%
5. Cleaning 467.87 463.2 1%
6. Crushing 463.2 460.9 0.5%
7. Pasteurization 460.9 459.75 0.25%
8.Cooling 459.75 458.6 0.25%
9.Enzymatic maceration 458.6 456.346 0%
10. Pressing 456.346 296.692 1%
11.Enzymatic clarification | 296.692 296.707 0%
12. Filtering 296.707 293.729 1%
13.Coupling 1650.559 1642 0.5%
14. Packaging 1642 1,633.79 0.5%
15. Pasteurization 1633.79 1,633.79 0%
16. Storaging 1633.79 1,633.79 0%

Table 3 shows the indicators of the economic efficiency of establishing a currant and gooseberry
plantation for the successful transformation of production.
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Table 3. Calculation of economic efficiency indicators

Current Indicator Value
Number
1 Turnover-T 1.237.721,70
2 Annual profit-A,, 189.254,084
3 Profit Rate-B. =T /A, 0.152
4 Payback period-P. = /A, 6.5 years
5 The investment efficiency coefficient-E; = I /P, 190,418

Where: P- production = 163,379.00 liters of juice/season; | — investment = 1,237,721.70 Lei.

Conclusions

For currant culture, the most favorable soils are fertile, rich in organic matter, light, well-drained: alluvial,
clay-sandy, clay-loamy and even clayey if they have good water drainage.

Gooseberry prefers deep, well-drained, loamy-sandy, sandy-loamy soils with a high humus content, with
a pH of 5.5-7.5.

The main diseases and pests of currants and gooseberries are the followings: anthracnose, powdery
mildew, rust, gray rot, leaf spot, stem borer, San Jose aphid and yellow aphid.

Currants and gooseberries are marketed in two quality classes: quality | and quality Il - a.

Since currants and gooseberries are very perishable, a technological line for obtaining currant and
gooseberry juice will be created with a processing amount of 500 kg/8 hours of operation. From the
production of currants and gooseberries that will be produced starting from the fourth year of the
plantation, 10% of the production will be sold fresh and 90% will be processed in the form of juice. The
calculations resulted in a production cost of 5.79 lei/liter of juice and a minimum delivery/sale price of
7.57 lei/liter. The recovery period of the investment that will be made for the establishment of the
plantation and the realization of the processing line is 6.5 years.
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Abstract. In a few decades, titanium has gone from being used almost exclusively in top-secret
aerospace projects to being used in the construction of custom car parts. Thanks to its incredibly
high strength-to-weight ratio and excellent corrosion resistance, titanium will be used even more
extensively in the future. There are various ways of joining titanium, one of the most used being
welding. Titanium generally has good weldability, but welding it poses problems in terms of the
danger of atmospheric contamination of the joint, as titanium, along with zirconium, beryllium,
hafnium, and several other metals, has a high affinity for atmospheric gases. In this paper, the
characteristics of titanium and its alloys will be presented, as well as the main processes for
joining them by welding and a brief review of some examples.

Keywords: welding, production, titanium, construction of custom car parts

Introduction

Titanium represents about 0.6% of the Earth's surface, making it the fourth most abundant element after
iron, aluminium, and magnesium. It is estimated that there is more titanium in the earth's crust than the
sum of chromium, copper, nickel, zinc, and lead.

Although titanium is abundant in the earth's crust, its use only began around the 1950’s due to the
difficulties of mining, processing, and refining.

However, its unique properties have made it a key player in the aerospace, aeronautics, nuclear,
chemical, and medical (implants) industries.

Depending on how it is processed, titanium is used in two ways:

- technical titanium, which contains about 0.5% impurities (about 0.3% nitrogen, 0.15%
oxygen, 0.15% iron, 0.1% magnesium, 0.05% silicon).
- pure titanium, containing a maximum of 0.04% impurities.

Titanium has two allotropic forms: up to 882°C titanium o with a hexagonal lattice, and at
temperatures above 882°C titanium 3 with a cubic lattice with centred volume. Because of the value of
the hexagonal cell c/a ratio (c/a = 1.587) titanium exhibits sufficient slip systems so that it is a ductile
metal and without ductile-fragile transition point. As the density is relatively low (p= 4540 kg/m3) the
mechanical strength/density ratio is superior to all other metals. Therefore, at the same level of stress
the titanium/titanium alloy part is lighter [1-5].
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The corrosion resistance of titanium is excellent and superior to stainless steels. Titanium is resistant
to dilute sulphuric and hydrochloric acids, chlorine gas, chlorine-based solutions, and most organic
acids, but is soluble in strong acids. The very good resistance in chlorine-containing environments is
due to a thin (approx. 100 nm) protective film of titanium dioxide that forms on the surface of the metal.
Titanium burns in air at around 1200°C and in pure oxygen at 600°C or more, forming titanium dioxide.
The melting temperature of titanium is about 1725°C. Therefore, the metal cannot be melted in open air
because it burns before it reaches the melting point; for this reason, the melting process can only be
carried out in an inert gas atmosphere or vacuum. Titanium is, also, one of the few elements that burns
in pure nitrogen gas (above 800°C and forms titanium nitride, which causes loss of ductility).

Titanium is a paramagnetic metal and has relatively low electrical and thermal conductivity.

The metal retains its toughness at very low temperatures (-196°C) and has good fatigue strength.
Titanium alloys exhibit good mechanical strength at high temperatures.

Titanium is sensitive to impurities such as nitrogen, carbon, oxygen, and hydrogen. It forms with
them the solid a-insert solution, as well as a series of intermetallic compounds (hydrides, carbides,
nitrides) which lead to reduced ductility, workability, and weldability.

The automotive applications using titanium follow logically from high strength, low density, and low
modulus, and they have excellent resistance to corrosion and oxidation. Titanium is primarily used in
internal combustion engine components, such as valves, valve springs, retainers, and connecting rods.

In the last few years, titanium has been adopted to fracture-split connecting rods, fuel tanks, and fuel
cell separators of mass produced vehicles because of not only the development of titanium alloys in
which low-cost alloying elements are added and low-cost processing methods are carried out by material
producers, but also the cooperative development of material producers, part makers, and car
manufacturers.

2. Welding behaviour of titanium and its alloys

The welding behaviour of technical titanium is mainly determined by:

- its particular chemical affinity to oxygen, nitrogen and hydrogen, both in liquid and solid
state at temperatures above 650°C;

- its tendency towards overheating and growth of -phase grains.

- formation of brittle o' phase on cooling.

The influence of hydrogen on the properties of the base metal and welded joints is mainly
manifested by a decrease in resilience at both normal and negative temperatures. It has been
experimentally shown that by increasing the hydrogen content in the technical titanium from
0.01% to 0.05%, the Charpy V strength at +20°C decreases from 6 daN-m/cm? to 1.5
daN-m/cm?, practically without any change in the tensile strength and elongation. In addition,
hydrogen is the main source of pore formation in titanium welding.

The nitrogen, oxygen, and carbon content acts primarily to decrease the plasticity of welded
joints. Experimental researches have shown that increasing the oxygen content of technical
titanium from 0.15% to 0.38% (at 0.02% nitrogen content) decreases the bending angle of
specimens taken from 1.5 mm thick sheet metal welded joints from 180° to 100°. The same
phenomenon occurs when the carbon content increases from 0.05% to 0.28% [6-11].

The alloying elements of titanium, which greatly decrease the plasticity of the joint (in order
of effectiveness: Cr, Fe, Mn, W, Mo and V) result in the formation of the o' phase in the seam
and in the thermally influenced zone, with disordered orientation and particular brittleness.

Like technical titanium, titanium alloys containing nitrogen, oxygen, hydrogen, and carbon
in small amounts have good welding behaviour. Depending on the alloying elements contained
in the alloys, the influence of these damaging factors is felt. For example, in titanium alloys
containing aluminium, tin, copper or manganese up to 5%, the presence of 0.05% hydrogen in
the seam practically does not change the strength value; at the same time, titanium alloys with
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a similar molybdenum or iron content, with the same amount of hydrogen, show a marked
increase in seam strength.
Preparation for welding surfaces

Regardless of the welding process applied, measures must be taken to prepare the surface of
the joining sheets before welding.

In general, the surfaces of the sheets are covered with complex particles consisting of oxides
resulting from the rolling process at relatively high temperatures and in an open atmosphere,
grease, moisture, and dust, deposited or absorbed subsequently.

Removal of all impurities to achieve a welded joint free of pores and other defects can be
done:

- mechanically by cleaning with a stainless-steel brush.

- chemically by pickling with a solution of 4% hydrofluoric acid, 40% nitric acid, 56%
distilled water for 1...15 min.

If, however, the titanium sheets have been produced in a protective atmosphere, it is
sufficient to clean the surface with a solvent such as methanol, ethanol, acetone, or any other
substance that evaporates without leaving residues.

The surface of the sheet must be prepared to 25...30 mm from the edges that meet.

Both conventional and unconventional processes are used for welding titanium and its alloys.
Conventional welding processes include WIG welding with or without filler material and MIG
welding. The remainder are laser welding, plasma welding, electron beam welding and friction
stir welding (FSW).

3. Welding processes used in titanium joining
3.1. WIG welding with or without filler material

WIG welding of titanium and its alloys is recommended for sheet thicknesses from 0.5 to
12...13 mm. Pure argon is used as a shielding gas, which is sometimes mixed with helium
(maximum 25% He) for automatic welding. Pure argon means argon of at least 99.95% purity.

Welding in direct current, direct polarity, the arc is more stable than in reverse polarity
welding; also, the electrode life and melting rate are longer.

WIG welding without filler material is used for joining 0.5...3 mm thick sheets. The joint is
made in a single pass, without the need for edge machining and with zero joint width.

When access from both sides is possible, sheets up to 6 mm thick can be welded in this way.

Manual WIG welding with filler metal is used to join titanium sheets with a thickness of
0.8...6 mm.

Robotic or half-machined welding using the WIG process with filler metal is used to join
3...10 mm thick sheets with machined joints. Joining of sheets up to 6 mm thickness is carried
out in one pass, and for greater thicknesses in 2...4 passes.

As filler materials for WIG welding of titanium and its alloys, rods with a chemical
composition like that of the base metal are used.

According to ASTM, there are 31 classes of titanium with different plasticity, corrosion
resistance and weldability. Therefore, special attention should be paid to the choice of filler
material if it is to be used.

Before welding, both the wolfram electrode and the filler material must be cleaned to remove
oxides, dust, moisture, and grease from their surfaces. This can be done with acetone or methyl
ethyl ketone.
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Figure 1. WIG welds in titanium sheet made successively by progressive contamination of
shielding gas with air

Also, to prevent contamination of the weld joint, the end of the welding rod is cut off before
welding.

Table 1. Correlation between current intensity and wolfram electrode diameter

Welding current Diameter of Wolfram Electrode
<I125A <1,6 mm
125-200 A 1,6...2,4 mm
>200 A 2,4 mm; 3,2 mm

A particular case is the welding of pipes and tubes made from titanium or other reactive
metals such as stainless steel and zirconium.

To prevent corrosion and blockage, pipes must be joined by good quality welds, which is
not easy to achieve with conventional devices.

It is often not cost-effective to fill whole pipes with inert gas before welding and to maintain
the gas supply both during and after the process. Also, in many of today's industries the welding
area must be purged of oxygen down to 100 ppm (mg/l) or even less in the case of the food
industry.

To overcome these challenges, Huntingdon Fusion Techniques (HFT) has introduced
PurgFElite, a range of affordable, inflatable tube and pipe purging systems ("purge dams")
designed to drastically reduce the purge area, thereby reducing inert gas costs and welding time.

Each purge system features an IntaCal purge gas supply and a RootGlo positioning indicator
light that allows the operator to ensure the system is accurately positioned, centrally within the
tube or pipe.

HFT's innovative PurgeGate valve is available as an accessory and is suitable for all types
of inflatable purge systems. The PurgeGate is a one-way valve designed to regulate gas flow
and pressure during purging to prevent overfilling and bursting of purge dams.

Quick connect/disconnect fittings and o-rings to seal against gas leaks, fitted with an anti-
release ring, are fitted to all systems to prevent accidental separation of component parts within
the welded pipes.

Temperature resistant caps up to 300°C are available as accessories to protect the inflatable
'booms'.
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Interpretation of the colouring of a WIG weld in titanium

The following figure shows eight welds made in pure titanium by the WIG process, each
with a different colour, and Table 2 shows how to interpret the colour of each of these welds.
It should be noted that the welds were made successively by progressively contaminating the
shielding gas with air [8-13].

Table 2. Colour interpretation of a WIG weld in titanium

Nr. Colour Interpretation
crt.
1 silver Adequate, satisfactory protection
2 straw-yellow Slight but acceptable contamination
3 open Slight but acceptable contamination
4 |dark straw-yellow More pronounced contamination, but can be
5 dark blue acceptable depending on application
6 light blue Severe contamination unlikely to
7 blue grey be accepted
8 grey Very severe contamination, not acceptable

Some of the causes that lead to the colour change of a WIG weld in titanium are the
following: - Insufficient gas protection at the root of the weld; - use of a filler material that does
not contain titanium; - use of a gas nozzle of too small a size; - not using a weld shield.

3.2. MIG titanium welding

The MIG process for titanium is used to weld titanium and titanium alloy sheets with a
thickness of 3...20 mm.

Helium (80%) mixed with argon (20%) is used as a shielding gas to increase the arc voltage
and productivity of the process.

Helium has a higher ionisation potential than argon (24.5 V compared to 15.7 V) and
therefore its introduction as a shielding gas lead to an increase in the calorific value of the arc
and therefore to increased melting of the filler metal and base material.

The quality of the joint depends on the transfer of molten metal through the arc gap. Higher
quality joints can be obtained by performing a very small droplet transfer of the type "spray
droplets. For this reason, welding with thin wires (1.2...2 mm diameter) at high welding
currents (160...220 A) is recommended.

MIG welding is carried out in direct current, both with direct and reverse polarity.

Welding of 8...10 mm thick sheets can be carried out in a single pass. Sheets thicker than 10
mm should be welded in several layers. For butt joining of 3...6 mm thick sheets it is
recommended to use a V-shaped joint.

Table 3. MIG welding parameters for different titanium thicknesses

Thicknesses I U Vs Gas flow (burner)
[mm] [A] [V] [m/h] [1/min]
3 200-220 20-25 22 35-40
6 300-330 22-27 20 35-40
16 400-420 25-30 25 40-45
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3.3. Joining of titanium alloys by Friction Stir Welding technology

Although most common titanium alloys are generally weldable by conventional methods,
problems can occur with distortion of the workpiece and poor weld quality. In addition, some
of the more advanced titanium alloys (such as Ti-6246 and Ti-17) can be difficult to weld using
fusion processes. The development of FSW offers the possibility of a new, cost-effective
method of welding in high quality, low-deformation sheet and plate.

The first studies on FSW in Ti were carried out as early as 1995 as part of TWI's in-house
research programme.

These initial welds were carried out in pure commercial titanium (grade 2) and demonstrated
the potential of applying FSW to Ti alloys. A section through one of these initial samples is
shown in the following figure.
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Figure 2. Section of an FSW weld in titanium produced at TWI in 1995

The darker areas in this section show where the material was heated above the B-transition
line (approximately 900°C in this material). The lighter coloured areas of the weld were found
to be untransformed but with significantly lower grain size.

Examples of FSW welding of Ti-6AI-4V alloy at TW1

Most of the work during the project sponsored by TWI Group on FSW of Ti alloys was
carried out on 6.35 mm (% inch) thick Ti-6Al-4V plates. After identifying a suitable tooling
material, an extensive program of weld testing was conducted to develop effective tooling
designs and optimal process parameters for the 6.35 mm thick Ti-6Al-4V FSW plate. This
ultimately led to the production of complete, high-quality FSW welds in Ti-6Al-4V, as shown
in Figures 3 and 4/9,10,11].

Figure 3. A quality FSW joint in 6.35 mm thick Ti-6Al-4V (photo taken from IWI)[11]
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Figure 4. Cross-section of a 6.35 mm thick Ti-6Al-4V titanium FSW weld (photo taken from
TWI).

3.4 Laser beam welding of titanium alloys
The industrial use of lasers for materials processing is increasing. Much of this growth is in
conventional and thin materials.

However, high-power lasers, which could penetrate deeper, have paved the way for the use
of lasers for welding unconventional materials and thicker plates. One such use is welding
titanium alloys.

Titanium alloys are notable for being difficult to weld by conventional processes, and when
electron beam welded there is the inconvenience of using a vacuum system. The high energy
density and low amount of heat introduced into the base metal are characteristics of laser beam
welding.

However, the rapid solidification and quenching associated with these characteristics affect
the microstructure and properties of the weld, while atmospheric welding and specimen
preparation influence the chemical composition of the fusion zone and its mechanical
properties.

A case study on laser beam welding of titanium alloys will be presented below, highlighting
the variation of mechanical properties of some welds made in Ti-6Al-4V as a function of plate
thickness and the influence of the weld preparation mode of pure commercial titanium
specimens on their hardness.

The titanium alloys that were used in this study are Ti-6Al-4V and pure industrial titanium,
also known as ASTM B265-58T, mark 5 and B265-58T, mark 2 respectively. The titanium
plates were 12.5 mm (0.5 in.) thick, and butt welded using unmachined joints [10-11].

The preparation for welding of the plate surface was the same for all plates except those
referred to as "uncured" plates and/or welds. Preparation consisted of wiping the surfaces with
acetone to remove dirt and grease, followed by immersion in 3% hydrofluoric-nitric acid
pickling solution. This was done to remove contaminants in the form of titanium oxide and
hydrocarbons embedded in the surface.

The pickling time was about 15 minutes, after which the plates were rinsed with distilled
water and alcohol and then dried in nitrogen gas. This was done five minutes before welding to
minimize the amount of oxide deposited on the welded surfaces.

A continuous wave (CW) CO2 laser with a power of 15 kW was used for welding.

Welds were made using an output power of 13 kW, with a welding speed of 11 mm/s (25
ipm).

Plasma suppression was provided by a tangential flow of helium, which was accompanied
at the bottom and top by a gaseous shield also based on helium.

Weld alignment was achieved using a helium-neon (He-Ne) laser, coincident with the CO2
laser.
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3.5. Electron beam welding joining of titanium alloys

Electron Beam Welding (EBM) is a process that uses a high-speed electron beam to join two
metals. Electron beams are more precise than laser beams, generate more heat and allow the
metal density to remain constant in the joint. The welded seam looks like a string of beads, but
its internal structure is homogeneous.

Electron beam welding allows the joining of general and stainless steels in a delivered,
annealed, or hardened condition. This process uses an electron beam to create a low-
temperature arc between the parts to be joined. This process does not require the use of special
joining fixtures or a large amount of heat and pressure to form high quality welds with a small
number of contaminants, making it an ideal process for welding plates up to 76 mm thick and
up to 1081x1551 mm in size.

A major aerospace company recently dropped an electron beam weld from a height of
14630.4 mm (48 ft) as part of an internal quality test, with the result that the joint was
completely unaffected by the impact.

Electron beam welding is a natural choice when it comes to joining materials susceptible to
oxidation, such as titanium, because the welding process must take place in a vacuum.

An electron beam can provide penetrations in titanium of up to 1.5" (40 mm), which is far
beyond what any other process can provide.

Electron beam welding requires computer control of both the electron beam, the welding
environment, and the positioning of the parts to be welded, resulting in high reliability and easy
reproducibility.

Titanium parts can generally be welded without prior machining, as long as they are properly
cleaned, and the electron beam welding process can be very cost-effective due to automation.
Weld preparation and decontamination
Before welding titanium, the joining areas must be thoroughly cleaned of all oxides and any
hydrocarbon contaminants to ensure superior weld quality. This can be done mechanically, by
sanding, grinding, scraping or, most commonly, using stainless steel wire brushes to remove
oxides[16-19].

There are also chemical cleaning methods, such as immersion in caustic solutions and water,
which can be effective. The chosen cleaning method is largely determined by the configuration
of the part and the position(s) of the weld(s). Residues in the form of hydrocarbons on titanium
are removed using acetone or alcohol-based solvents. Chlorinated solvents can form toxic gases
when heated and should not be used around the weld area.

It is preferable that freshly cleaned titanium parts are welded immediately. If this is not
possible, cleaned parts should be stored in airtight plastic bags that are filled with a neutral gas,
such as argon or nitrogen.

Rules for preparing parts for welding:

- Do not use shop rags that may be contaminated with oil residue to clean parts. Use a clean
cloth such as a cheese cloth or paper towels when you want to clean titanium surfaces with
solvents.

- If residue needs to be removed from a part, use a bottled gas such as nitrogen or argon.
Compressed shop air contains moisture and oil residue that can contaminate the weld area.

- First clean parts and joints using solvents, then clean them with a stainless-steel wire brush.
Wire brushing before solvent cleaning usually leads to the embedding of hydrocarbons and
other contaminants in the part, making solvents much less effective.
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- Always use new or freshly cleaned stainless steel brushes to clean joint surfaces. Older,
dirty brushes may contain oils and other contaminants. Brushes used to clean titanium should
not be used with other materials, as metal shavings can be carried on the brush.

- Be sure to clean stainless steel wire brushes and etched metal surfaces thoroughly. Residual
contaminants and by-products from the etching process can change the chemical composition
of the weld pool.

- Frequently clean all wire brushes and scraping/spinning/cutting tools.

An example of a circular weld in a Ti-6Al-4V plate is shown in the next figure -13,14,15,16].

Figure S. Circular weld -Ti-6A1-4V

4. Conclusion

As a conclusion, although titanium is a difficult material to weld, there are various methods of
joining it, even other than those presented in this paper. The quality of a titanium joint is
ultimately dependent on a lot of factors, from the properties of the material being welded to the
skill of the welding operator or the welding parameters set, but if certain basic rules and
principles are followed, obtaining a quality joint is not difficult.
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Abstract. This study took a historical retrospective approach to Solid Waste Management
(SWM) focusing on how it started, how it became a growing concern with ripple effects to
society and ultimately, how the City of Harare (COH) can adopt a sustainable and responsible
innovative solid waste management practice. The study adopted a pragmatism philosophy, by
making use of mixed method approach. 130 Google online forms and 6 key informant interviews
were used to collect data from the respondents. Stratified purposive sampling was used to select
the respondents in the 46 wards of Harare. Data was analysed quantitatively using descriptive
and inferential statistics generated from the Google online forms, and qualitatively through
thematic content analysis. The study found out that the COH’s failure to effectively manage solid
waste is due to the lack of resources and a lack of sustainable and innovative ways of SWM. Chi-
Square test for the two variables was 0.61 and it is greater than 0.05. This shows that there is no
association between the types of waste managed or collected and the strategies that they use to
improve solid waste management. This led the researcher to accept HO and reject H1. The study
concluded that the adoption of a responsible and sustainable innovative model for the city
positively impacted COH’s financial performance. It was recommended that the COH improve
its budget in sustainable and innovative means for SWM and adopt a cost leadership strategy to
reduce its costs and enhance profitability. In conclusion to the above findings the researcher
recommends technical and financial support to be given to the community based organizations
(CBOs) in all their aims to manage solid waste and wanting to make Harare urban a clean city.
Environmentally sustainable solid waste management practices guided by the principles of the
integrated approach and invigorated by environmental education must be fully adopted.
Keywords: Solid Waste Management, sustainable, responsible, innovation.

Management of Solid Waste (MSW) has continuously stood out as the foremost problematic issue for
Harare Metropolitan city. The amount of solid waste created in the city is higher compared to the City
of Harare's (COH) capacity to contain the impasse primarily because of limited technical, financial and
human resources that are required to parallel and control this challenge. By the year 2025, the Harare
City Council aims on its strategic blueprint and on its main objective to attain a first-class city standard,
(City of Harare, 2012). The strategic plan of the COH to achieve this, stresses a smart environment
devoid of pollution in its operational parameters (Sani, 2018). This demands that there should be clean
streets and regularised city activities. Compounded by the non-performing economy after the year 2000,
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the city has been experiencing gross challenges including revenue generations and the incapacity of the
citizens to pay. Overall, from 1980 to 2001, major cities realised phenomenal growth rates of about 5%
per annum in population (Central Statistics Office (CSO, 1982; 2002). Incessant periodic droughts since
independence, rural poverty and a shrinking communal farming space coupled with acute
socioeconomic challenges continue to necessitate rural to urban migration with Harare being the most
affected city. This study focuses on municipal solid waste management practices with a particular
attention to City of Harare (COH). The study sought to explore the level of sustainable innovation for
the COH waste management practice, to determine the effect of governance as a factor in Solid Waste
Management (SWM) and recommend innovative and sustainable SWM strategies.

Background to the Study

Due to high unemployment and shrinking economic space, the majority of the rural to urban migrants
become survival entrepreneurs whose activities are in the informal sector which is, in most cases
unregulated. While their urban economic contribution is undeniable, it does not translate to the COH’s
revenue streams to necessitate the reciprocal proportional service delivery in tandem to their use of city
space since they do not pay taxes and such fees to the authorities. On the other hand, the COH relies
primarily on funds from the central government although these funds are not proportional to the
population increase thereby worsening the diminishing overheads in per capita terms and council
revenues. As a result, these unforgiving trends continue incapacitating the COH’s response to planning,
environmental management and basic service delivery (Tibaijuka, 2005). Furthermore, the increase in
population growth is a cause whose effect is the rising generation of waste which finds its way to open
dumps.

Population growth is synonymous with waste creation because it is believed that the larger the
populace the greater the proportion of refuse creation (Medina, 2010). According to (Saungweme,
2012), the waste build-up in open spaces and roadsides is indicative to the miscarriage of service
delivery by local authorities. Similarly, (Mafume et al., 2016) postulates that, in many Less
Economically Developed Countries (LEDCs) in the SADC region, there is a mismatch in revenue
collection in comparison to population growth thereby frustrating municipal solid waste management.
The rate of escalating unofficial settlements across the length and breadth of the COH is reflective of
the Council’s failure to plan and appropriately manage solid waste at domestic level, (Chinobva &
Makarati, 2011).

The Zimbabwean government acknowledges that population growth is the major impediment for
the urban local authorities in coping with environmental and human health challenges related to the
creation, carriage and discarding of SWM (Feresu, 2010). Feresu further highlighted that the majority
of Zimbabwe’s urban local authorities fail to meet the refuse collection and disposal demand due to the
ever-increasing population growth. Mapira, (2012) buttressed this view by affirming that MSW is the
major problematic area for urban authorities in Zimbabwe. Masocha & Tevera (2003) assert that about
60% of urban generated solid waste is discarded at official dumpsites 40% is disposed of illegally in
undesignated areas that is to say in roadsides, alleys, storm water drains and open spaces. As a result,
(Feresu, 2010) reaffirmed that improper disposal of waste pollutes the air, environment, underground
water through leachate, ground water and breeding spaces for disease-causing-vectors.

Problem Statement

The COH is inarguably grappling with a multiplicity of challenges which include budgetary deficits;
broken down equipment; ineffective and inefficient solid waste collection practices, unhygienic and
poorly funded operations; incapacitated environmental control mechanisms; arbitrary illegal littering
and dumping; solid waste open burning; and a general public insensitive to SW in their vicinity or to
what symbolises responsible and sustainable innovative SWM practices. The effects of these problems
is as a result of the COH’s incapacitation in its solid waste management strategies. COH’s management
of solid waste practice therefore requires an immediate remedy that is sensitive to the conception and
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effecting of lifelong responsible and sustainable innovative measures. The problem affects its
performance and its goal of becoming a world class city by 2025.

Significance of the Study

The research focused at highlighting the possible policy together with practice gaps contributing to the
growing problem of SWM for the COH. The paper helps universities and other stakeholders to have an
understanding of the relevance of sustainable innovation in case of waste management practices.
Furthermore, the study sought to enthuse central government to get a clearer view on facilitating and
overseeing responsible, sustainable and innovative SWM. The study highlighted ways to enhance
sustainable and responsible innovation in COH’s operations and this helps government to implement
policies with respect to the effective and efficient use of waste management practices.

Literature Review

Solid Waste Materials: Types, Composition and Location

SWM is the gathering, moving, treating, recycling or relocation, and inspection of SW created by human
activities, aimed at reducing its impact on the wellbeing of the environment and its people (UNEP,
2006b). Waste is either fluid or solid and can be decomposable or non-decomposable matter (Hardoy et
al. 2001). The average composition of MSW consists of 40-51% biodegradable, 32% fine materials,
10%plastic, 7% paper (United Nations Report, 2004). SW has become a predominant feature in our
metropolitan environs giving rise to MSW challenges, (United Nations Report, 2004).

Solid Waste Management Legislation in Zimbabwe

Zimbabwe has numerous pieces of legislation that are in place to regulate how SW is handled and
disposed of. The Environmental Management Authority is the regulating board under the EMA, Chapter
20:27 Act. In section 70 (1) of the Act, it states that “No person shall discharge or dispose of any waste
in a manner that causes environmental pollution or ill health to any person”. Any person, therefore, who
has a direct contribution to the generation of waste is obligated to use methods that reduce the waste
through handling, reclamation and reusing, among others. Furthermore, the EMA Act in section 83 (1)
outlaws littering by declaring that: “No person shall discard, dump or leave any litter on any land or
water surface, street, road or site in or at any place except in a container provided for that purpose or
at a place which has been specially designated, indicated, provided or set apart for such purpose”.
(Environmental Management Act [Chapter 20:27]) The Urban Councils Act, 2015 declares that
gathering, movement together with discarding of SW is the prerogative of town councils in areas of their
administrative jurisdictions. The EMA Act and the Urban Councils Act form part of legislation
regulating SWM in Zimbabwe.

Sustainable and Responsible Innovative Solid Waste Management (SRISWM)
The COH highly depends on landfilling to manage the bulk of its solid waste. Waste-to-Energy
Technologies (WtE) innovation is a welcome renewable energy source that is responsible and
sustainable. Waste is a striking all-seasons unusual source of fuel. In Africa, there are many benefits
obtainable from the co-operation between (NGO’s), (CBO’s) and the government within the country.
Lee-Smith and Stren (1991) posited that in order to have an essential framework for service delivery in
African, the public had a better mediation role. Increased shortage of resources and a lack of innovative
technologies create greening opportunities for the waste sector by the growth of the waste market.
Globally, the waste market was estimated at 410 billion US dollars a year in 2011 from collection to
recycling. This was excluding the large informal segment in LEDCs. UNEP reaffirmed this position by
stating that recycling was more likely than not becoming a preferred factor for GWMS, moreover
generating decent occupation for many (UNEP/IETC, 2011).

Lombardi, et al. (2015) suggested that incineration was most preferably the most advanced
technology to create energy from waste. This involves high temperature furnace burning of waste while
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the heat produced is used for electricity generation or heat itself as a resource. Residue and exhaust gas
are by-products that can further be processed into construction materials while metals can be removed
for recycling. Mostly, up-to-date incineration plants have energy generation adeptness of about 30%.
Assimilated Waste to Energy (WtE)-Gas Turbines electricity generators have been poised to increase
energy efficiency to at least 40% and in 2012, only Spain, Netherlands and Japan had three of these
plants (Branchini, 2012). While this technology is yet be considered matured, the assimilated gas turbine
classification appeared to be the future of WIE incineration technologies.

Incineration is believed to be the most preferred option relating to capacity, category of waste
cured and capacity decrease (Bosman et al., 2013). The prospective residual economic contribution is
an additional advantage of the technology. However, Evans (2016) argued that WtE incinerators are
costly among negative impacts to society and the environment. He further substantiated this opinion by
stating that establishment costs of WtE incineration infrastructure are very high and people are ordinarily
opposed to living close to incinerators due to the adverse living conditions around the site. Toxic gases,
dioxins and polluting metals, all products of incineration are injurious to human well-being and
contaminates the atmosphere. Nevertheless, it is notable that the amounts produced have lessened due
to extensive technological progression in the past few years as a result of governments imposing
stringent rules (Scungio et al., 2016).

According to CEWEP (2017), Europe has successfully implemented the technology of WtE
incineration. The United Kingdom, Sweden, France, Italy and Germany are the largest investors in this
technology which reduce the level of waste disposed of in landfills by 90%, (EU Data, 2016).
Incineration allows investors to reduce the volume of waste disposed of in landfills by 90%.
Consequently, 26% of waste In European Union (EU) countries, was used to produce energy in 2015
(Sandford, 2017). The energetic valorisation symbolises 1.3% of ultimate electricity usage and 8.9% of
heat usage. In 2012, the number WE plants that were recorded was 409 in the EU and these accounted
for burning 74 million tons generating 30 TWh of electric power in addition to 74 TWh of high
temperature (Union européenne, 2015).

Theoretical framework

The study adopted the Concept of Institution by Scott (2001) in conjunction with Capacity Building by
(Janicke, 1997). These two theories were instrumental in identifying the COH’s institutional makeup of
Municipal Solid Waste Management (MSWM) systems.

Institutional Concept

Legal systems, government structures and constitutions are formal forms of rules which form the basis
upon which an understanding of the concept of institution is attained to embrace casual facets of life.
Mungure (2019) postulates that there are three pillars of institutions that are significant. Notably, these
are cultural cognitive, regulative and normative systems which Scott (2001) has acknowledged as crucial
ingredients of institutions. It is important to regard these three pillars as contributing factors to the
interdependent ways and the social framework fabric that binds responsible, sustainable and innovative
MSWM togrether. Accordingly, this provides an understanding of how MSWM in a social system can
be implemented. The theory brings in the Normative Pillar, Cultural Cognitive Pillar and Regulative
Pillar. The theory is useful in the study since the COH is a powerful actor with legitimate power to craft
rules and laws and to enforce them for the council to exercise its right for ensuring that residents’
wellbeing is achieved.

Capacity Building

Capacity building was adopted in the study to ensure improved performances in providing a thoughtful
correlation linking institutions to capacity building in the way organisations are run. Effective
management of solid waste in African cities is impeded primarily by insufficient capacity. Mungure
(2019) avers that a well-organised, successful and environ-friendly solid waste disposal calls for the
construction of organisational competence in both private and public sector administration. This, he
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further buttresses, includes the technological competence for operational needs. According to Mungure
(2019), there is a dearth of technical knowhow and financial knowledge in many SWM employees from
all sectors to operate effectively and efficiently. Therefore, creating competencies across all levels
require training. This means that to achieve responsible, sustainable and innovative MSW, there is need
for capacitation for all personnel engaged in SWM. Capacity building and Institutional theories are
insightful to what an establishment or organisation ought to be. This discourages individualism among
actors and encourages group work hence illustration of its relevance in the research for MSWM.

Understanding Solid Waste Management Challenges: Global, Regional, National Trends and
Context

SWM is the practice of gathering, keeping, handling and discarding of SW such that it is not hurtful to
animals, plants, humans, and the environment generally (Williams, 2005). SW can be described as “any
substance or object in solid form which the holder discards or intends to discard” (Waste Framework
Directive 75/442/EEC, 1975, Article 1 (a). Williams, (2005) however contends that refuse is subjective
in that what may be considered waste by one person may be a resource to another.

Some people dispose of their waste through the process of incineration. They burn their waste at
home in the backyard, a process that is easy and inexpensive. However, burning causes air pollution,
destroys soil nutrients and kills small insects that take habitation in the soil. Khan (2003) quoted in
Chirisa (2013) defines solid waste as “...material that is cheaper to throw away than to store or use.”
This can either be organic or inorganic material that can be separated for recycling or reuse in society.
Organic material decomposes and can be used as manure in farming whilst inorganic material can be
recycled for reuse. Only solid waste that is not fit for reuse and recycle should be transported to the
landfill.

Research done by Gumbo (2005) discovered that individual residents were dumping between 0.481
kg and 0.301 kg per day of SW and 60-80 % was compostable or eco-friendly refuse. These statistics
stood similar to generation proportions in other urban global cities. 50% of this SW were food-stuff left
overs with a 50-70% moisture content. The remainder was biodegradable SW made up of tree leaves,
natural grass, crop residues and weeds (yard waste). Crop residue is prevalent in Harare due to urban
agriculture which has since been accepted as a contributor to the ecosystem, generation of income and
health nutrition.

With regards to the disposal of waste, residents are not experiencing a higher level of satisfaction
because there has not been improvement in environmental management since independence. In
residential areas, only a small percentage of the population separate organic from inorganic waste
whereas the majority throw all their waste in the waste bags without systematic separation (Sinthumule
and Mkumbuzi, 2019). Afroz et al. (2011) indicated that the majority of people in Bangladesh do not
separate waste they dispose of because they do not have time, recycling facilities and incentive. This is
the same trend in Harare where people throw solid waste anywhere when they are outdoors because the
waste bins are few and unevenly distributed. Bins provided for use in the city are stolen or destroyed.
The city has no by-laws or power to arrest culprits who litter or vandalise its assets.

The Problem of Open Dumps: Global, Regional, National Trends and Context

SWM is not only a techno-practical challenge, it is largely affected by economic, political, socio-
cultural, resource availability and the environment. These factors are intertwined into complex WMS,
(Kum et al., 2005). Urban centres in developed economies generate large volumes of SW and have the
capacity to effectively manage SW, (Srinivas, 2003). Research has demonstrated that solid waste that
is created in developed nations is evacuated and arranged in a protected and proficient way as proved in
these urban areas. UNEP (2002) highlights that most solid waste created in these urban communities is
sorted at collection point before it is transferred to landfills. In opposition to this, urban centres in
developing nations in Sub-Saharan Region, for example, Harare (Zimbabwe) are still in the process of
accomplishing better solid waste administration frameworks since they currently have an inadequate
strong waste gathering and poor transfer frameworks (Srinivas, 2003).
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SW in LEDCs symptomatically has an extraordinary amount of carbon-based material in comparison
to first world cities. For instance, researches carried out in Africa projected that in Juba-South Sudan,
carbon-based waste represented approximately 31% of all generated waste by weight (UNEP, 2013),
61% in Ghana (Miezah, Obiri-Danso, Kadar, Fei-Baffoe, & Mensah, 2015) and 54% in Ethiopia
(Getahun, Mengistie, & Haddis, 2012). The extraordinary carbon-based content has repercussions for
WM comprising reprocessing, but also a prospective cause of ill-health if managed badly.

Desta, et al. (2014) found out in their study that more developed countries produce larger quantities
of solid waste than developing countries but the garbage does not pose any challenge in the former. The
municipal solid waste creation rate in Addis Ababa was 0.5kg/person/ day whilst in New York City it
stood at 4.6kg/person/day (PlanNYC, 2013).

Consequently, the waste creation rate of New York City was 9 times that of Addis Ababa. Desta et
al. (2014) found out that the poor municipal solid waste management in Addis Ababa was as a result of
unlawful disposal of waste on undesignated sites, open disposals, limited, defective operating
equipment, inadequate governance in the waste management system, lack of effective public
participation and poor condition of the final dumpsite.

Desta et al. (2014) recommended early key stakeholder engagement and involvement at the planning
stage to improve residents’ buy-in. 92% of Bulawayo residents, according to the research done by
Mudzengerere and Chigwenya (2012) were given refuse-collection bins. Notwithstanding, only 48%
were putting environmentally friendly plastic refuse bins to use. They additionally deposed that the only
official dumpsite for the entire city is an open dump although it is not accessible to individuals other
than the council workers and those authorised to dump. Contrarily, this provides an opportunity for
employment creation through recycling of waste.

The study findings done by Chinobvu and Makarati (2011) during their study of SWM in the
Highfield suburb of Harare in Zimbabwe indicate that SWM infrastructure is too expensive to run, too
old, and largely inadequate. They recommended that residents should be informed on the practicability
of the three Rs (reduce, reuse and recycle), compositing and sustainable waste disposal. In Chinhoyi
town, Musademba et al. (2011) in their study found that the failure by local authorities to provide safe
potable water was a result of ineffective SWM primarily because of irregular waste gathering and
disposal which resulted in communicable diseases such as cholera and typhoid.

Jerie and Tevera (2014) in their City of Gweru studies asserted that biodegradable material such as
incinerable waste in the form of paper, textiles and rubber and vegetable waste constitute the large
amounts of solid waste which is disposed of irresponsibly, unsustainably and with no innovation.
Further, they indicate that the City of Gweru is marred by a heightened dearth of transportation
equipment for gathering waste notwithstanding the high rate of waste generation for the city. Their study
concluded that apart from the erratic SWM for the City of Gweru as evidenced by some waste collectors
leaving behind some waste during collection, 32% of their respondents showed a willingness to recycle
the waste (Jerie & Tevera, 2014).

Makarichi, et al, (2019) contend that either 6.4% of the commercial and service sector energy
consumption or 3.2% of current residential energy consumption can be recovered from MSW
Incineration. The gasification probable output was approximated at 4.4% and 8.8% respectively. The
study showed that thermal MSW treatment with energy recovery can increase the share of biofuels and
waste to electrical energy production in Zimbabwe from 1.3% to at least 2.2%. Given the results reported
in this study, the implementation of WtE in Zimbabwe can go a long way towards meeting the challenges
related to poor solid waste management. An overview of similar studies in selected African cities shows
that more research and promotion is necessary to facilitate the adoption of thermal MSW treatment,
(Makarichi et al., 2019).

Methodology

The researcher adopted the pragmatism philosophy as a research paradigm in this study. Pragmatism
research philosophy accepts concepts to be relevant only if they support action (Saunders et al., 2012).
The researcher adopted the pragmatism philosophy since it accepts that “there are multiple realities out
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there that are open to empirical inquiry” (Creswell & Clark 2011). The study took the mixed approach
to broaden the scope in understanding Municipal Solid Waste Management (MSWM) for the COH.
Mixed approach design helped in triangulation between quantitative and qualitative data for a deeper
understanding of a subject under review (Hashemi and Babaii, 2013). The target population included
Harare City Council officials (both elected and technocrats), residents and Residents Associations and
senior officials from government departments. Data was collected from Council, ordinary residents,
Department of Works, Department of Health, the Council Municipal police and the Environmental
Management Authority (EMA) respectively.

The study took the stratified sampling method as the most preferred method so as to have all
institutions being represented. Stratified purposive sampling was employed to select key informant
interviewees. A total of 130 participants were used. Purposive sampling was used to select 6 key
informants for interviews. Google Online Form Questionnaires with closed-ended questions to
collective quantitative data. In order to address the validity and reliability of the study, Cronbach's Alpha
was conducted.

The results of the reliability test indicates the level of internal reliability and consistency in the
guestionnaire that was used. This therefore proves that the study addressed the quality control tests for
the study. The study indicates a Cronbach Alpha of 0.920 which indicates that reliability of the research
instrument and questions asked was very high. Therefore, further test can be conducted.

RESULTS, ANALYSIS AND INTEPRETATION

Table 1. Response Rate

Data Collection Number of Targeted  Number of Actual Response Rate
Method Respondents Respondents

Questionnaire 130 104 80 %

In-depth Interviews 6 4 66.70 %

Total 136 108 79.41

Source: Survey Data (2021)

130 residents were targeted for the study sample for the 46 wards in Harare. 6 key informant interviews
were scheduled for the stakeholders directly involved with service delivery.

Rating of solid waste management among other competing urban challenges

Firstly, it can be noted that there were about one hundred and four responses from the study. Ninety
responses came from different wards in Harare high-density suburbs, medium-density and low-density
suburbs namely Hatfield, Greendale, Mt pleasant, Dzivarasekwa, Mbare, Waterfalls and Sunningdale to
mention just a few.

The highest response and average rate were 7.8 % which came from Marlborough, a low-density
suburb because people living in these areas are capable to afford the internet, have better living
conditions and have better income levels. The moderate response was 3 % on average and came from
medium-density suburbs mostly due to the fact they can afford the internet and are capable to afford the
bills. The lowest average response rate was 1 % because the wards have low-income levels such as
Dzivarasekwa and Mbare.
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Figure 1: shows the ninety responses that can from different wards in Harare (Survey 2021).

The level of sustainability and responsible innovation for the COH waste management practice

The relationship between different wards in SWM

In carrying out this study, the researcher noted that there are 46 wards in Harare Metropolitan Province.
The highest ward which contributed most was Ward 5 with 9% as a result that waste management
practices were poor and there was need for a revamp. The second ward which contributed was ward 41
with 6% because the ordinary residents were complaining that waste management was collected twice
a month by the local authority. During the study, it was noted that generally, most wards in Harare
constituted 1% as a result of poor waste management,
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Figure 2. The relationship between different wards (Survey 2021).

Relationship of Crime, power and water shortages in SWM in different wards

Crime increased from 10-20% across most wards in the past few years. The highest percentage crime
rate during the study was 39 %. This was due to the unlawful ways including burglary, inconsequential
stealing, car break-in, and household attack hence the criminalisation and monopolization of removing
waste by the COH, especially in high-density areas, where nearby illegal dumpsites have become
criminal hide-outs apart from other potential risks of causing waterborne diseases. The moderate crime
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rate was 21% and the lowest recorded was 2% in different wards. The conclusion which can be drawn
from this study is that the crime rate is generally increasing in all wards. Also, in tandem with crime
increasing, most wards have experienced an increase in power outages with thirty-three 33% as the
highest percentage from different wards during the study. The incessant power shortages were
necessitated by the limited electricity generation capacity at the Lake Kariba South Power Station
coupled with lack of foreign currency to supplement the power supply by electricity imports from the
region.

How do you rate power shortages in your ward?

104 responses

a7 33 (31.7%)
30 (28.9%)

10 (18.3%) 10 (12.2%)

Figure 3: shows the increase of power shortages in different wards (Survey 2021).

The increase of water shortages in different wards

There was an increase in water shortages in different wards in Harare, the highest water shortage
percentage was 37 % during the study from the one hundred and three respondents. This was because
the city does not have adequate potable drinking water. Resultantly, millions of people are at their
breaking point and the risk of cholera or typhoid epidemic that could infect the entire population since
there is poor waste management and people are suffering from acute water shortage at home after the
main waterworks were shut down. The moderate rate of water shortage percentage was 19% during the
study because city authorities said that the drinking water crisis is caused by a lack of foreign currency
to pay for the water purification chemicals necessary to purify drinking water that is supplied by dam
reservoirs. The lowest rate of water shortage percentage was 1% because most residents resort to
fetching clean water from boreholes that are scattered within hard-hit areas facing major water
challenges rather than relying upon COH’s tap water which seldom is available and dirty whenever it is
available.

How do you rate water challenges in your ward?

103 responses

37 (35.0%)

30 (26.1%)

20 21 (20.4%)

14 (12.8%)

Figure 4: shows the increase of water shortages in different wards (Survey 2021).
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Many significant costs that include driver stress, lost time, accidents and air pollution through vehicle
emissions are incurred by motorists due to the failure of traffic signals. Traffic congestion and noise
pollution were noted to be increasing in different wards gradually with the highest traffic congestion
percentage being 31 % during the study from the one hundred and three respondents. This was because
the traffic congestion issue is also exacerbated by the residents who are formally employed, those
running their businesses and the informal traders usually travel to and fro the CBD at the same time
thereby causing congestion. Noise pollution had the highest percentage of 28% as a result of traffic
congestion which is usually caused by motorists wanting to move at the same time. More so, water
pollution was also experienced in different wards during the study, it can be noted that the highest
percentage was 33% and its lowest 4%. The highest water pollution was also experienced due to lack of
refuse collection by city authorities, as the Combined Harare Residents Association (CHRA) noted.

The increase of waste management challenges in different wards

In August 2020, the Combined Harare Residents Association (CHRA) petitioned the Parliament of
Zimbabwe over poor service delivery primarily the provision of potable water and refuse collection but
there has not been traction over the issue. Currently, the City of Harare has (14) fourteen functional
refuse trucks to service forty-six wards of Harare most of which have surpassed their life span. Solid
waste management (SWM) refers to the gathering, transportation, handling, reusing or transfer, and
checking of solid waste materials produced by human activity, and is for the most part attempted to
decrease their impact on wellbeing and the environment. During the study, the researcher noted that
waste management identifies with materials delivered by human exercises and is embraced to decrease
their impacts on human wellbeing, the environment and aesthetics. Waste management challenges were
very high with a percentage of 35 % due to the result that the COH has been grappling with challenges
of removing sprouting dumpsites in most suburbs due to the non-collection of waste by the local
authority caused by a depleted fleet of refuse trucks. CHRA (2021) argues that “Most of the challenges
faced by the COH in this regard have more to do with a management crisis primarily caused, by the
interference of the Local government Ministry on the affairs of the City. Key decisions are superintended
over by the Minister of Local Government thereby clipping the hands of the council to execute on their
primary responsibility, that of service delivery.”

How do you rate solid waste management challenges in your ward?

104 responses

36 (34.6%)

33 [31.7%)

18 (15.4%)
12 (11.5%)

(]
i
o
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Figure 5: shows the increase of waste management challenges in different wards (Survey 2021).

The City of Harare’s failure to regularly collect waste is no secret. While the city has a statutory
mandate to collect and manage waste, this study noted that the city could not deliver and that the poor
state of affairs on waste management is a testimony to this failure. Thus, mechanisms to boast the city
council’s capacity to deal with waste management challenges should be explored to avert a potential
environmental and health catastrophe. This is because this study has shown poor planning and
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misallocation of financial resources as one of the reasons for the poor waste management situation in
the city.

Consequently, the HCC was only managing to collect and dispose of 54% of the 1400
tonnes/day of waste generated within the city due to shortages of fuel and the much-needed foreign
currency for the repair of an old fleet of vehicles and equipment. This was also evidenced by the fact
that the City Health Department now had on paper, 40 refuse collection trucks but only 8 to 14 of them
were operational consistently. Litter in some suburbs went for up to two months without being collected.
The uncollected waste remained strewn on the ground, littered in open drains or garbage dumps, often
resulting in municipal sewer and storm water drains blockages. However, the city’s litter crisis is not
over as residents from these wards studied continued to dump litter on undesignated open spaces as soon
as their bins filled up.

Strategies used for waste management

From the study, the researcher noted that refuse burning was very common in high and medium-density
suburbs. This was evidenced by the highest percentage of about 32 % as a result of the fact that the
residents depend on burning as a strategy to minimise the huge waste used. CHRA (2021) asserts that
“City of Harare has (14) fourteen functional refuse trucks to service forty-six wards of Harare of which
most of them have surpassed their life span.” As a result of this, there is high criminalisation and
monopolization of removing waste, especially in high-density areas, where dumpsites have become
potential risks of causing waterborne diseases.

During the research, different strategies used for waste management were noted. These include
reuse and burying and these were on average very common with a percentage of 30% because Harare
residents are forced to employ better solid waste management strategies since the COH has an
inadequate solid waste collection and poor disposal framework. Waste practises like sorting, recycling,
reducing, and refuse are undertaken whilst most urban authorities usually concentrate on collection,
carriage and disposal of waste at the waste dumpsites because of limited financial, human resources and
expertise. Therefore, the residents have adopted the 3Rs Concept that is Reduce, Reuse and Recycle to
mitigate the unending challenges of waste because waste in general is very subjective; one may deem
an item to be waste whilst another might see it as a resource.

In addition, composting is on average a very fair practice commonly known by residents in
different wards with a percentage of 35% and separation with a percentage of 33%. This was because
the nature of each industry or sector varies thereby necessitating the employment different strategies for
management.

The dynamic nature of consumer/end-user products, packaging materials, environmental
regulations and public attitudes has made the development of solid waste management strategies an
increasingly complex task. Informal waste pickers contribute significantly to waste management
separation and resource efficiency by collecting, sorting, trading and sometimes even processing waste
materials. Therefore, the researcher noted that house to house collection of solid waste methods should
be more organised by using the methods such as the collection of daily waste by using proper scheduling
and timings. Maintaining proper recycling units will save valuable raw materials and resources of the
country and helps us to reduce the need for landfills space. Promotion of the waste management systems
will upgrade the living and the working condition of the waste pickers and other marginalized groups.

Waste management as a challenge

Waste management is a challenging issue from an environmental, political, legal and social point of
view. During the research, the researcher noted that managing paper and plastic is very demanding with
high percentages (paper 33% and plastic 35%). This has been so because people rarely recycle.
However, in recent years, significant progress has been accomplished in solid waste management,
through the increased allocation of funds, focusing largely on the promotion of recycling and the
expansion of the number of managed sanitary landfill sites throughout the country.
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How do you rate plastic as a type of solid waste difficult to manage in your ward?

104 responses

40

37 (35.6%)

20 31 (20.8%)

20
18 (17.3%)

9 (8.7%) o (5.7%)

1 2 3 4 5

Figure 6: shows plastic as a type of solid waste management (Survey 2021).

In carrying out this study, it was noted that the management of rotten fruits and vegetables was fair with
an average of 36 % for fruits and 42 % for vegetables. This was because fruits and vegetables are
biodegradable since they easily rot.

Open dumps were very problematic in different areas and wards. The highest percentage for
open dumps was 39%. This is so because garbage thrown in the street or open spaces creates a public
health hazard, while waste dumped near rivers, lakes and streams contaminates the water supply. Open
dumps recorded the least percentage of 6% especially residents that stay in low-density suburbs.
Therefore, garbage dumped in the countryside or open dumps is not simply an eyesore but entire
landscapes are ruined and unique habitats for flora and fauna are lost.

Analysing the information from the study, 20 and 26% were the present collection average
rate and is below 7% in several wards in Harare. However, this may be overestimated by the
municipalities due to the lack of scientific recording systems. Citizens dispose of waste within their
compound either by unscientific composting, open burning or throwing the waste in the surrounding
open space. Collection, city cleaning, and sweeping are not done daily except in main markets, along
main roads, and in some residential areas. The rest of the areas are served intermittently from twice a
week to twice a month or are not served at all. Therefore, service delivery is very low.

Strategies for SWM in different wards

Clean-up campaigns from the study were noted that on average range from 17% and the highest
campaign ranging from 38% as a result that clean-up campaigns are also undertaken by the CBOs and
they are supported by City of Harare.

How often are clean up campaigns in your ward?

103 responses

30 (37.9%)

24 (22.3%)

17 (18.5%) 18 {17.5%)

4

Figure 7: shows clean-up campaigns from the study (Survey 2021).
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The practice of recycling by collecting recyclable solid waste is common practice in different wards by
different organisations and from the research, the highest percentage practised is 34%, practice for this
recyclable solid waste is common practice with an average percentage of 17% due to the method of the
3Rs is showing effect because the community-based organisations are engaged in solid waste collecting,
sorting, recycling and reusing. The recycling method has proved to be a huge success because the
products that they are making can be sold. They are making baskets, doormats, hats to mention just a
few and the products are sold.

During the research, it was shown that it is very possible to have a local waste disposable site,
the highest percentage reached being 32 %, this was visible because there is need for a monitoring and
evaluation system that helps to analyse the quantity of the waste generated on a daily basis that will help
to overcome the challenges. However, it is very low and disagreed to have waste disposable site from
the study showing the lowest percentage 10% because the problems facing the COH include waiting for
the central government’s resolution and approval for land acquisition of proposed landfill sites, lack of
technical support, financial constraints, problems in area selection, and strong opposition from nearby
communities. Political interference has also been observed in many municipalities as well as technical
problems such as flooding, shallow water table, highly permeable soil, and slope instability.

How possible is it to established a local waste disposal site in your ward?

104 responses

34 [32.7%) 33 (31.7%)

ﬂ

1 2 3 4 5

Figure 8: shows how if it is possible to have a local waste disposable site (Survey 2021).

Participatory members are very low in participating strategies for solid waste management with a
percentage of at 4% because the demand is higher for other public services in many municipalities and
local bodies are experiencing difficulties in developing management plans due to the lack of SWM
baseline information and data related to the functional elements of SWM. It is essential to know the
quantity and composition of MSW when designing and implementing proper waste management plans
that include resource recovery through appropriate methods.

Relationships between mobilizing resources and SWM in different wards

How politics mobilise resources for SWM

The researcher noted that politics to a lesser extent find it difficult to mobilising resources as evidenced
from the study that more response rates disagreed. This has been due to t the fact that since the
attainment of independence in Zimbabwe, waste management in Harare has been treated as a political
football. Responsibility for waste management has changed hands from one department to another
within the City of Harare. Unfortunately, each change further deteriorated the system, bringing it on the
verge of collapse. Before 1996, the Department of Works was responsible for waste management in the
city. This responsibility was transferred to the City Health Department in and after 1996. It was during
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this period that the HCC contracted out 56% of the refuse collection to some private companies with the
City Health Department retaining responsibility for the remaining 44%. Therefore, the unbundling of
waste management was meant to cope with the ever-increasing population of Harare, which is currently
estimated to be around three million.

It was found that it’s very hard and very low to mobilise finance funds for SWM from the

research as noted by lowest percentages during the research f 5 % and 12 % respectively. This is due to
the reason that huge finance is needed for best SWM, According to CHRA states that;
“The situation with the COH regarding SWM is quite despicable. The council is failing to meet up to
the challenge of the ever-growing demand for proper solid waste management from the basic
transportation and disposal of refuse from the length and breadth of the 46 wards of the COH. Right
now, the COH is considering procuring new refuse trucks amid revelations that they are no longer
pursuing the 15 refuse compactors they bought from FAW Zimbabwe (Mass Breed Investments) but the
trucks were never delivered. These financial leakages are the COH'’s greatest u doing as far as effective
service delivery is concerned primarily SWM.”

How technology mobilise resources for SWM

Also, it was found to be very achievable to mobilise technology for SWM from the research as noted by
moderate percentages during the research f 37 %, 29 % and 21 % respectively technology will change
outdated and bring in new innovative ideas. The use of GIS will enable new landfills to be created
effectively. The dissemination, updating, and management of simple information will play an essential
part in improving planning by the local bodies and monitoring implementation progress. However,
technology is costly in our HCC as evidenced by the Acting Mayor for Harare City Council, Councillor
Stewart Mutizwa appealed to the public to help with any resource that can assist the city in clearing
dumpsites and refuse collection. This happens at a time when the COH has been grappling with the
challenges of removing sprouting dumpsites in most suburbs due to the non-collection of waste by the
local authority caused by a depleted fleet of refuse trucks.

From the study, the most commonly used technology is the bum with 31 %. The bum was used
at the highest percentage because it's an easy method to dump waste. Secondly, the recycling was the
second-highest method used during the study because the recycling method has proved to be a huge
success. After all, the products that they are making can be sold. They are making baskets, doormats,
hats to mention just a few and the products are sold.

What technologies are you using in managing the solid waste problem in your ward?

103 responses

® Reuse

® Recycle

Bum
/ @ Bury
= ® riore

® Opton 2
® Option 1
® Opton 4

12V

Figure 11: technology used in SWM (Survey 2021).
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Statistical testing of waste managed and the strategies to improve SWM

The Chi square was used by the researcher as a statistical testing and the types of solid waste
management and the strategies used by the researcher.

Hypothesis

Ho— There is no association between the types of waste collected and the strategies that are used to
improve solid waste.

H: — There is an association between the types of waste collected and the strategies that are used to
improve solid waste.

Table 2: Chi-square test

Value df Asymp. Sig. (2-sided)
Pearson
Pearson Chi-Square 4.479a .612
Likelihood Ratio 6.311 6 .389
No of Valid Cases 30 6

11 cells (91.7%) have expected count less than 5. The minimum expected count is .20.

Basing on the information shown in Table 3 for the Chi-Square test for the two variables was 0.61
and it is greater than 0.05. This shows that there is no association between the types of waste managed
or collected and the strategies that they use to improve solid. This means that there is no one unique
strategy that is used but rather all the strategies can be used to improve solid waste despite the type of
solid waste. The main objective is that the waste be managed despite the strategies used. This led the
researcher to accept HO and reject H1.

Perception on Environmentally SWMS

According to “Chapter 20:27 Environment Management Act (Effluents and Solid Waste Disposal)
Regulations, 2007 ,14 (1),”“Every local authority shall designate suitable sites as waste collection sites
within its area of jurisdiction for the management of wastes and ensure a waste collection frequency that
minimizes accumulation and avoids decomposition of waste on collection sites.” Waste management
was viewed differently by interviewees as one said that “The situation with the COH regarding SWM
is quite despicable. The council is failing to meet up to the challenge of the ever growing demand for
proper solid waste management from the basic transportation and disposal of refuse from the length
and breadth of the 46 wards of the COH. Right now, the COH is considering procuring new refuse
trucks amid revelations that they are no longer pursuing the 15 refuse compactors they bought from
FAW Zimbabwe (Mass Breed Investments) but the trucks were never delivered. These financial leakages
are the COH’s greatest u doing as far as effective service delivery is concerned primarily SWM. As
CHRA, we have in August 2020, partitioned Parliament over the matter but there hasn’t been traction
over the issue. Currently the City of Harare has (14) fourteen functional refuse trucks to service forty
six wards of Harare of which most of them have surpassed their life span.”

An official from the Department of Waste said, “One of our councillors, Hatcliffe Ward 42
Councillor, Elvis Ruzani was arrested by police for clearing a dump site at Matombo area in Hatcliffe
and later released without charge. This happened barely a week after the Acting Mayor for Harare City
Council, Councilor Stewart Mutizwa appealed to the public to help with any resource that can assist
the city in clearing dumpsites and refuse collection. This happens at a time when the COH has been
grappling with challenges of removing sprouting dumpsites in most suburbs due to non-collection of
waste by the local authority caused by a depleted fleet of refuse trucks. Therefore the criminalization
and monopolization of removing waste, especially in high density areas, where dumpsites have become
potential risks of causing waterborne diseases.”

Firstly, different responses were taken from different wards during that include high-density suburbs,
medium-density and low-density suburbs. The highest response rate came from Marlborough, a low-
density suburb because people living in these areas are capable to afford the internet, have better living
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conditions and have better income levels. The lowest average response rate came from low-income
levels such as Dzivarasekwa and Mbare.

Strategies used for waste management

The notion of the 3Rs has turned out to be the back of the study and Eco-friendly education
consciousness was also recognized as a SWM strategy accepted by the COH. “WASTE IS MONEY’is
a concept used in the gathering, sorting, carriage and disposal of solid waste because not all refuse is
refuse since some can be recycled or changed from its original use into other useful purposes. The COH
and EMA have the mandate to conduct structured occasional outreach programmes to promote
community awareness on waste management.

Solid waste should be managed through a number of activities—waste prevention, recycling,
composting, controlled burning, or land filling. Using a combination of these activities together in a way
that best protects your community and the local environment is referred to as integrated solid waste
management (ISWM). An ISWM program can help reduce greenhouse gas emissions and slow the
effects of climate change”. (Www.epa.gov/osw ).

According to (Saungweme, 2012), the waste build-up in open spaces and roadsides is indicative to
the miscarriage of service delivery by local authorities. Similarly, (Mafume, Zendera, Mutetwa, &
Musimbo, 2016) postulates that, in many Less Economically Developed Countries (LEDCs) in the
SADC region, there is a mismatch in revenue collection in comparison to population growth thereby
frustrating municipal solid waste management. The rate of escalating unofficial settlements across the
length and breadth of the COH is reflective of the Council’s failure to plan and appropriately manage
solid waste at domestic level, (Chinobva & Makarati, 2011).

Conclusions and implications of the study

The study conclude that Management of Solid Waste (MSW) has continuously stood out as the foremost
problematic issue for Harare Metropolitan city. The amount of solid waste created in the city is higher
compared to the COH’s capacity to contain the impasse primarily because of limited technical, financial
and human resources that are required to parallel and control this challenge. While MSW is one of the
most pressing negative occurrences for the City of Harare (COH), it is not a new phenomenon. The
study further conclude that solid waste should be managed through a number of activities—waste
prevention, recycling, composting, controlled burning, or land filling. In addition, the study concluded
that governance positively influence SWM practices in COH.

Therefore citizens should be educated about local environmental quality and the effect of existing
environmental management practices in view of sustainable and responsible innovative ways of solid
waste management.

The mechanism for raising awareness should be through school curriculum, training programs for target
groups such as employees of solid waste sector, school teachers, health workers, children, media and
public campaigns. It is recommended that future studies focus on other management strategies on
different types of wastes. In addition, future studies could focus on developing models to enhance solid
waste management strategies.
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Abstract. Plastics have a wide use in almost all economic areas, their appearance and use has
emerged as a necessity to reduce the consumption of natural products and thus decrease the
impact on the environment. In the automotive field, a wide range of plastic products are used
due to the additional advantage of weight saving and the production rate of large parts, but which
in the assembly process requires joint operations with each other respectively with other objects.
An important factor in the studied theme was the challenge of combining 2 different PPMA and
ABS materials, taking into account the advantages of each one, namely the PMMA polymer
plastic material ensuring the transparency property and the ABS polymer plastic material
ensuring the strength and stability of the jointed part. The study presents a part used in the
automotive industry for which the process of combining the component materials was detailed

Keywords: welding, plastics, ABS, PMMA, automotive

Introduction

The need for joining components arises in situations where the whole part is difficult to manufacture in
a single stage of manufacture due to the involvement of different materials and geometric constraints
and complexities.

Components can be joined by mechanical fixation (with nuts and screws), chemical bonding (with
adhesives) or by physical bonding (welding). The method used depends on the material to be joined, the
size of the part, the geometric details in the joining region, the production rate of the parts, the service
conditions and performance requirements of the assembly, cost constraints and aesthetic requirements.

Welding is the recommended option if an assembly of parts requires a permanent bonding. There are
many welding technologies suitable for thermoplastics such as: centrifugal welding, hot plate welding,
infrared welding, ultrasonic welding, or friction welding with/without filler material.

Friction welding and vibratory friction, also called vibration welding, provides a robust method for
joining thermoplastics to manufacture complex gap assemblies from simplified injection molded items
without using an external heat source, adhesives, or mechanical fasteners. Using only the heat resulting
from the inner friction of the joined parts creates precise, hermetically sealed joints between the plastic
components, which once glued can become airtight and maintain pressure if necessary.

In the automotive industry this technique is used for welding headlights, instrument panel assemblies,
acrylic-acetal gasoline tanks, nylon brake fluid tanks, access doors to the welded polypropylene
compartment in 2 planes, etc.
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2. Presentation of the process

Vibration welding of plastics uses the energy resulting from the transformation of the mechanical
friction energy between the welding components into heat that damages the melting of the material in
the joint area [STAS 12147-85] [8].

The work will present the way of joining 2 pieces having as base material PMMA polymer (upper
part) and ABS polymer (lower part) resulting in an assembly whose joint must ensure resistance and
tightness to air and water, being used on the outside of a car.

The vibration welding method will be used due to its advantages that fall within the previously
exposed desideratum of using material and methods that ensure good productivity, lower costs, low
energy consumption (vibration welding not needing outside heat) and with low impact on the
environment (without smoke).

PMMA (polymethylmethacrylate) is a thermoplastic polymer, obtained by polymerization of
methylmethacrylate monomer. It is transparent that is why it is also called "acrylic glass" and good
mechanical resistance to scratching makes it to be used in the automotive field in parts that are located
outside cars in the outside environment and require transparency, [11].

Acrylonitrile Butadiene Styrene (ABS) is an amorphous polymer produced by emulsion or by mass
polymerization of acrylonitrile with styrene in the presence of polybutadiene. The most important
properties of ABS are impact resistance and hardness, [11].

The process of welding by linear vibrations is based on a relative oscillating frictional movement of
the parts that reach melting (semicrystalline) or softening (amorphous) of polymers due to the
compression of particles during movement according to the amplitude and frictional force.

Advantages of the vibration welding process
Polymer
- melted polymers are not openly exposed to air, so there is no risk of oxidation of the polymer.

- no foreign material is introduced, so the welding interface is created from the same material as the
welding parts.

- the transparency of the material and the wall thickness do not impose limitations on the welding process
as in the case of laser welding.

- heating is largely localized so it is much less likely that material degradation from overheating will
occur.

Process

- the process is cost-effective having short cycles and involves the use of simple equipment.

- welding processes are suitable for mass production.

- no smoke is emitted during welding.

- the process works well for a variety of applications.

Aspect

- The weld burrow is formed at the edges of the welded kitties during the process. If this leads to an
unacceptable appearance, then a hidden joint is used.

2.1. Welding of thermoplastics
Thermoplastic polymers are composed of molecules in which there are repeated monomeric units
attached together in long chains. An important property of thermoplastic polymers is that they soften
and melt after heating and harden when further cooling. When two products made of a thermoplastic
material are welded, the polymer chains diffuse over the interface and a bond is formed by combining
the chains, as shown in Figure 1. This applies to all welding processes for thermoplastics.

In the joints of usual polymers, the flow of molten polymer is not required; the link is formed by
diffusion.

Diffusion is not related to viscosity.
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Figure 1. Molecular diffusion and combination due to welding, [9]

The low thermal conductivity of thermoplasts maintains the cooling speed after melting low enough
for the formation of strong bonds.

The behavior of thermoplastics is different and advantageous compared to metals where heat is easily
transported away from the welding area. Almost any thermoplastic can be welded by vibration:
crystalline, amorphous, filled, foamed and hardened.

In the case of welds involving different polymers, the weld strengths are governed by the mutual
affinity of the two polymers, so if the two polymers are not compatible, the resistance factors at the
welded joint may be substantially less than 1,0, relative to the less potent polymer; for example, pairs of
polymers such as PMMA-PBT, ABS-PPO, ABS — PEI, PPO — PC, PPO — PPO / PA (mixture of PPO
and PA) and PPO/PA — PC develop significantly lower vibration welding resistances than the resistance
of the weaker polymer, [2].

For compatible pairs of polymers, the resistance of the weld under optimal processing conditions can
be as high as the resistance value of the weakest of the two polymers in the case of different pairs such
as: PC-PEL, PMMA-PPO, PC-PBT, PC-PC/PBT (PBT and PC mixture), and PBT— PEI [2].
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Figure 2. Typical microstructure detail of the vibration welding area of a semi-crystalline polymer

[2].

For semi-crystalline polymers, Schlarb and Ehrenstein [5], Chung and Kamal [3, 4] and
Varga et al. [7] concluded that the typical microstructures in the heat-affected area of the welds
with the best resistance consist of four regions, as shown in the simplified way in Figure 2
(taking into account the observations of microscopic studies reported in [3, 4, 5] the various
fillers used in this scheme only serve to differentiate the different regions and are not
representative of the actual microstructural characteristics observed):

- the "amorphous" region — located in the immediate vicinity of the welding line, being a region
without any visible crystallineness (indication of rapid extinguishing),

- region "trans-crystalline line" - is a recrystallized area with spherulites of various sizes
(indicative of melting, flowing and re-solidification).

- 'deformed spherulite transition zone" - ahead of the basic material.

- the microstructure region of the basic material.
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2.2. Phases of the vibration welding process
The process takes place over 4 successive phases shown in Figures 3,[2]:
- Phase I — solid friction — the penetration of the weld is not recorded in the friction process. This
indicates that normal pressure does not lead to the collapse of any interface as long as the material is
solid.

The first signs of displacement that are recorded on the linear displacement of the transducer indicate
the onset of melting at the interface, thus marking the end of the first phase.
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Figure 3. The evolution of the macroscopic appearance that occurs in the area of the weld seam during
vibration welding. The scheme shows the cross-section of the weld area in plane x — y with the
vibration carried out in the direction z, [2].

- Phase II — unstable evolution of penetration — the beginning of the penetration of the weld marks the
beginning of the flow regime and viscous dissipation of the molten material. At first the penetration rate
evolves with time, this indicates an unstable state in which the rate of new melt flow within the melt
film is not equalled with an output rate in the weld seam, thus indicating an effective accumulation of
the melt and the increase of the melt film as shown in Figure 3.

The increase in the width of the joint is actually an increase in the region of the melt flow in the x
direction, according to Figure 4, which causes longer periods of stabilization of the flow in that direction.
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Figure 4. Melting film evolution, [10].

- Phase III — Constant increase in penetration — within this phase, the lateral extrusion to the outside of
the material results in the growth of the weld seam.

According to Stokes' measurements for longitudinal vibration welding [6] it is shown that the
penetration rates of the equilibrium state increase with increasing weld pressure under the conditions of
constant preservation of the weld geometry, amplitude and frequency.

After a certain time, penetration increases linearly with time resulting in a constant penetration
rate. Thus, the steady state was established with the rate of formation of the fresh melt corresponding to
the rate of melting output in the weld seam, which implies a 0 accumulation rate or a constant thickness
of the molten area.

Even from the conception phase of the devices, constructive measures are taken so that in the area
of formation of the joint the production of heat by friction is favored. Once the plastic has softened and
melted sufficiently, the vibrational movement should be stopped quickly to prevent shearing of the joint
area.
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Stopping can be achieved either by using a shear pin, which will break when a predetermined shear
force value is reached, or by using a clamping device.
& i b

-

Figure 5. Representation of the breaking surface at the joining interface f a PC material at a welding
pressure of 0.3MPa and welding time of 1.5 seconds (a), 3 seconds (b) and 4.5 seconds (c), [1]

The discharge time, unlike the friction time, is not chosen at high values, because when stopping the
relative movement, the weld cools at high speed. Figure 5 shows the appearance of broken samples
made by welding with different time.

- Phase IV — solidification — after the moment of stopping the vibrational movement causing the
friction of the pieces to stop, the previously formed melt begins to cool and then solidify, resulting in
the final welded joint. This time is 1 second.

According to research by Stokes it has been observed that the most resistant welded joints are
produced when the penetration is at least 0.25 mm [8, 9, 10].
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Figure 6. Merging detail of 2 plastics (longitudinal - left) and section (right), [10]

Figure 6 shows a joint detail of 2 plastics in which the cross-section joint is represented,
indicating the components of the joint.

The determining factor of the strength of the welded joint is the penetration of the weld. The
strength of the joint is equal to the resistance of the polymer of the base material, and this can be achieved
when the penetration of the weld exceeds a critical threshold, equal to the penetration that is recorded at
the beginning of phase 3 of the equilibrium state.

The resistance of the welded joint decreases for depths less than this value of the critical
threshold. The resistance of the welded joint decreases for depths less than this value of the critical
threshold. A depth value greater than the critical threshold does not affect the strength of the weld in
the case of polymers without reinforcement, or with glass filled, resins or structural foams, but it can
increase the strength of the welded joint of various materials [15-16].

3. Case Study

3.1. Preparation of parts for welding

The joining of the 2 pieces that will make up the ensemble will be made along the entire length of the
outline of the pieces, whose shape is irregular, figure 7.

The assembly will be empty and airtight.

In order to achieve this type of joint, the vibration welding process will be used, so next only the process
and the parameters of this process will be presented.
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Figure 7. Part contour and direction of welding

The 2 parts made by injection are placed in the devices to be able to allow the welding process. Tools
(devices) have the role of centering and fixing the components for welding. These tools must ensure a
relatively adjustable position of the elements to be welded. The tools must provide a repeatability of the
positioning and fixing of the elements in order to obtain a constancy of the geometry of the assembly of
welded parts, which are dimensionally acceptable.

The assembly process must ensure that the scrap due to the welding machine and tools is as low as
possible.

The welding tools that will be mounted on the platters of the welding machine must ensure the
centering, fixing and detection of the parts that will be welded.

The materials to be used in their construction must provide protection of the parts against scratches
and degradations of any kind. They must be designed in such a way as to ensure that it is possible to
quickly mount and disassemble in the welding machine in the event of a change of manufacture
(welding of the assembly).

3.2. Equipment used
Figure 8 shows an equipment that performs the welding of plastic parts by vibration movement. It is
provided with a window that allows the insertion of parts for welding and then closes to ensure the
protection of the operator and with a control unit that allows control and adjustment of welding
operations and parameters.

The equipment of the vibration systems is electrically operated and consist of 3 main components:

-vibrating assembly (suspended on the springs).

-feeding.

-the pressing mechanism.

The pressing mechanism (which applies the verical pressure to the 2 pieces to be welded) is a
hydraulic lifting table, to which the lower fasteners are attached.
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Figure 8. Vibration welding equipment [12].

3.3. Stages of the welding process
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The welding process is carried out successively:
1. The parts are cleaned of impurities by blowing with ionized air.
2. The 2 pieces (which will make up the welded assembly at the end) are placed in the welding equipment
in the upper and lower fastening device, correspondingly according to the working procedure (WPS)
which specifies the way of laying, the control parameters, the loads.
3. The welding jointing equipment closes.
4. The welding process begins by moving the upper and inner devices that drive the movement of the 2
pieces on top of each other to bring the surface joint into contact under continuous pressure.
5. Vibrations which are generated either by a gearbox, by an electric magnet, or by mechanical vibration
generators, are transmitted to the devices and through them on articulated surfaces. The movements of
the two sides take place in opposite directions, as a result of friction, the temperature rises immediately,
reaching the point of plastic melting in less than 1 second.
6. After a predetermined time, an electrical control device stops vibrations while the pressure on the
joint is maintained. Simultaneously, the parties are brought into the correct position in relation to each
other.
7. The pressure is maintained for a few seconds to allow the molten material to cool and subsequently
strengthen creating the welded joint. Then the equipment and devices are opened and the assembly of
welded parts can be taken over.

This method is suitable for large parts, parts can be non-circular or irregular in shape, and welded
joints can be obtained over lengths of 100 + 150 mm.
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Figure 9 The scheme of the vibration welding process involving sinusoidal oscillations in the
longitudinal direction,[10]

Figure 9 shows schematically the vibrating mode of the elements joined in a longitudinal
direction, i.e. the parts are vibrated in a direction parallel to the longer edge, being considered
"longitudinal vibration".

If the parts are vibrated in the direction parallel to the short side, welding by "transverse
vibration" shall be considered. Together, these processes are called "linear vibration" welding processes
because the trajectory of vibrational motion remains linear and constant. If the vibrations are applied in
several directions, it is considered welding by "orbital vibration".

3.4. Welding Technology
Parameters of the welding process

In the control panel of the welding equipment where the values of the vibration welding process
parameters are entered, and in Table 1 the values of the welding parameters are presented.
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Table 1. Parameters of the welding process

Nr. Parameter name Value
1 Amplitude oscillation | 1.5+0.3 mm
2 Welding Race 0.7+0.3 mm
3 Welding pressure 115 lumena
4 Maintenance time 2+1.5s
5 Pressure Keep 80 lumera
6 Oscillation frequency 100 Hz

The lower tool must be provided with sensors confirming the correct location of the body.
The adjustment of the sensors can be made from the front of the welding device. The operator
shall be positioned at the mounting position at the vibrating welding machine.

The authorization to start the welding operation is made after the operator performs together
with the regulation two sets of welded parts that are checked as follows:

- a set of parts suitable for sealing and 3D measurement.
- a set of parts in which the continuity of the weld joint is verified by the destructive sample.

The operator at the assembly station performs the following operations:

- take the lower part from the stroller, a sulfa with ionized air and place it in the recess of the
lower device, taking care that there is no play between the part and the device (press and push
the parts);

- takes the upper part from the conveyor belt or from the box and makes it a visual check
aimed at not having scratches, cracks, sweeps or black dots (according to the control range) and
blows it with ionized air;

- the non-compliant upper parts are deposited in the non-compliant box,

- after blowing it with ionized air, place the upper part over the lower one, taking care that it
sits according to the standard, on the fixed centrators;

- starts the welding process;

- at the end of the welding cycle, he extracts from the lower device the assembly consisting of
the 2 welded parts, makes them a visual check (according to the control range) following the
appearance of the weld seam (by comparison with the model assembly) and puts them on the
trolleys that then go to the oven.

- the non-compliant assemblies are identified with the red label and are placed on the palette
with parts in analysis.

- non-compliant items shall be recorded.

Identification of special features and important characteristics:

- the appearance of the weld seam.

- dimensional conformity.

Examination

After the jointing of the parts is made to check the quality, a series of measurements are made
in several important points.

1. Destructive test:

- the weld seam is good, when the red lens remains in the black housing, or leaves deep print.
- the weld seam is not good, when the weld trace is superficial.

2. Sealing test:

The welded assembly of the parts is given pressure of 100 mbar and the loss must not be
more than 0,5 mbar.
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The causes that can cause the non-compressive jointing of the parts:
- geometric deformations of the pieces: flatness, burrs due to the surplus of material, deviations of
elevations not in accordance with the drawing.
- incompatibility of materials at which the melting temperature is different (example incompatible
materials at the housing and lens);
- saturation humidity in the piece.
- unoptimized parameters of the vibration welding process [13-14].
Figure 10 shows 2 unsuccessful examples Ef Joining /Ba/rts (scrap).
. F- i |
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Figure 10. Defects in the joints of parts

4. Conclusion

In the work were present a polymer joint PMMA (upper part) and ABS (lower part) resulting in an
assembly whose joint must provide resistance and tightness to air and water, being used on the outside
of a car. Although PMMA and ABS are different materials, they are compatible with each other and are
frequently merged together.

For the jointing of the two PMMA and ABS materials, the vibration welding process was used due
to the advantages:

* good productivity,

* lower costs,

*low energy consumption (vibration welding not needing outside heat)

*low environmental impact (smoke-free).

Analyzing the technology of achieving the welded joint obtained, the conclusion is that if the welding
parameters are optimized and the recommended welding technology is observed, the part can be
obtained in a relatively short cycle, namely 67 + 5 sec/ cycle.The determining factor of the strength of
the welded joint is the penetration of the weld. The strength of the joint is equal to the resistance of the
polymer of the base material, and this can be achieved when the penetration of the weld exceeds a critical
threshold, equal to the parttundere that is recorded at the beginning of phase 3 of the equilibrium state.
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Abstract. The scientific work presents a concrete research carried out by the authors in order
to implement some concepts of a technical and economic nature so that the readers can become
aware of a certain way of presenting the problems regarding knowledge and management
knowledge in road transport organizations. It proposes a study, carried out from a managerial
point of view with engineering nuances, so that the concept of sustainable development in the
addressed field can be viewed in a global context. The work as a whole is intended to be a
theoretical approach with correlations in the field of engineering and management, essentially
aiming at the sustainable development of road transport. Finally, some conclusions and further
research directions in this direction are presented. .

Keywords: knowledge, management, organization, road transport, implementation,
electromobility.

1. Introduction

Since his appearance on planet Earth, man has sought to develop his cognitive abilities to act, create
and decide what is good and what is bad for himself and those around him. He created ideas and added
value in the field of knowledge by developing his wisdom. Wisdom defines man's superior ability to
understand and judge things. It is represented by the human ability to think and act by using acquired
knowledge, experience, understanding, common sense. It also represents the way in which people
understand cause-effect relationships in a specific "insight" context [1], manifested by moderation,
prudence, temperance. All these aspects are determined by experience and foresight. Wisdom and
acquired knowledge are strongly linked, but by always learning it gained new understandings which,
in turn, created a new cycle of learning. The wisdom is part of qualities of impartial judgment, of
compassion, of self-knowledge and experience, of non-attachment [2, pp. 1254-1266], of qualities
such as ethics and benevolence [3, pp. 215-241], [4, pp. 178-293]. Starting from this idea, the
organizations are increasingly interested in accumulating knowledge, which are seen as resources
necessary for survival and training in an environment based on the criterion of economic efficiency.
This led to their recognition of the importance of knowledge management in order to become
competitive on the market. Within the society in which they operate, the entities with an
organizational structure create material goods or services necessary for people's daily living. The
organization exists and functions through the association of a group of people who have common
conceptions, concerns and ideals, united, in accordance with the provisions of a regulation or a statute,
in order to carry out organized activities. Therefore, the organization includes a group of people who
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have a baggage of knowledge and who work together to achieve common goals, with the aim of
obtaining a product intended for the client [5, p. 1]. The concept of knowledge-based organization
appeared for the first time between the years 1984 - 1988 and recorded, after this period, different
phases of development. Nowadays, road transport organizations, communication ways and transport
systems have become so important that they are an integral part of the everyday life. Through the
development of the production forces, the social division of labor increased, and the movement of
people and goods determined a rapid development of this type of organization, so that today they
represent an independent entity. The road transport organization differs from all the other
organizations by the specifics of the activities carried out and achieves remarkable results if it knows
how to capitalize on its knowledge and if it relies more on the intellectual assets and knowledge held
by employees than if it relies on the material assets. In an organization, regardless of its profile, it may
have the highest level of endowments, if the existing staff does not value their knowledge to use the
technology in the endowmen