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Chapter 1 Introduction

Introduction

With a population over 200milion, Nigeria an oil producing nation relies heavily on imports

rather than exports. This heavily affectsthe c o u n tGDR/ a3 the price of their main export

heavily fluctuates according to world demand and supply. As a result of corruption, high

importation and mediocre wages the country currently finds itself suffering a recession

which it is unable to progress out of. Despite this, importation is still high and as a result

of changing prices of Oil, Nigeria is still heavilyrelianton an i ncome t hat does
consistent returns.

These feelings are widely held by a majority
continue if the country is to achieve its goals of maintaining its stance as a super nation

in Africa. As a result many projects (such as co-working spaces, government funded and

privately spurred innovation incubator, M.A.D initiatives, and several other social
innovation initiatives ) have been started in Nigeria aiming to solve a number of the social

issues currently found in Nigeria, beyond that of an unstable Oil Price. Some look to battle

the power supply issue while some try to battle the lack of infrastructure needed to
successfully bring Nigerians ideas into fruition. Encouraging the growth of ideas, trust,
collaboration and cooperation between Nigerians is a high priority as these attributes help

propel them to a point of self-sustainability and order in life.

Highlighting the words of Schillings (2008)il nnovati on i s a beautiful
both aesthetic and pragmatic appeal: It unleashes our creative spirit, opening our minds

to hitherto undreamed of possibilities, while simultaneously accelerating economic growth

and providing advances in such crucial human endeavours as medicine, agriculture, and
education. 0

To this end was the GreenLab microfactory started to solve head on some of these issues
mentioned above. A digital fabrication laboratory (FabLab) with keen focus on fostering
social innovation/engineering/entrepreneurship in Nigeria. GreenLab aims to encourage
the utilisation of dormant, recycled and abundant eco-friendly materials and resources in
rural areas, and to encourage innovation and sustainable development. The FabLab will
of course need to utilise and further develop the one resource abundantly available and
key to the successfulness of solving Ni ger i adés | ssuassAs aHasultan c ap
GreenLab sort to start first with social issues, primarily dealing with how and what people
think when it comes to the concept of FabLab. Ajumose was therefore birthed to start the
journey that would be a huge Social innovation initiative conducted in Nigeria - a term that
has seen its use grow rapidly in the recent years, social innovation is a novel solution to
a social problem that is more effective, efficient, sustainable, or just than current solutions.
The value created accrues primarily to society rather than to private individuals. GreenLab
is a social innovation and through its first event Ajumose began the journey.

Ajumose in the Yoruba language mean Collaboration, teamwork, co-working or
cooperation looked to interrupt the social problems seen in Nigeria by being the first free
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3D Printer and Solar panel construction workshop coordinated in Ibadan. The aim is to
advance and support the grassroot economy of the country, the young generation where
change is most likely to be created and implemented if provided with the right stimulus for
growth. The event funded by OpenLab Hamburg and participated by more than 80
candidates provided a platform for partipants to learn about Open Source, FabLabs and
also have the experience of constructing both a 3D printer and Solar panel, Solar panel
in particular a product imported into Nigeria for power generation and hence a desired
survival need for many Nigerians, however generating wealth for individual manufacturers
outside of the country rather than socially within the country. The goal of the workshop, to
encourage a oODY)aind YdwothesdIVBO) growth mind-set within
the youth today who would essentially progress to being the future of Nigeria pushing and
supporting the fiMlade in Nigeriadindustry. The idea of today through the workshop would
enable noticeable developments over 5 year interims spanning well in to the future and
thus enriching the lives of many rather than private individuals. A social innovation in its
right ensures adequate value is created and accrues primarily to society rather than
private individuals whilst being effective, efficient, and most importantly projectable to
have future benefits work and encouragement today enable self-efficiency, sustainability
and effectiveness in the long term.

The project utilized 3 days to engage with participants, understanding their way of thinking,
knowledge levels and finding opportunities to open their minds up to the opportunities that
existed around them. This report looks into the workshop coordinated in Ibadan, Nigeria
detailing the program, the findings, challenges, limitations and SWOT analysis. With this
report GreenLab will progress further in order to establish change in a community that
calls for Change.
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Chapter 2 The GreenLab Microfactor

The Conception

The rise of the technology era, and the persistent social, economic, and environmental
sustainability issues in the developing economies especially in their rural settings
indicated the need for a different approach to ensure sustainability and broad
empowerment of individuals irrespective of their educational, geographical, and
anthropological status.

Based on these identified issues, most of which are very evident in Nigeria, in March 2015
while invited as a guest researcher at the Helmut Schmidt University to conduct a research
study the success rate of the Global FabLab ecosystem, the significance of FabLab in
assisting emerging economies to effectively solve its social challenges, empower her
citizens, and have a taste of development became obvious. Thenceforth, the plan to
officially launch a FabLab in Nigeria was embarked on in May 2015.

The Objectives

The GreenLab microfactory was designed to be a space that encourages disruptive
innovations in Nigeria. A space where egalitarian activities are practiced, where each and
every person has equal amount of access to facts, and libraries of knowledgeable
resources to specifically meet their needs. Majorly, GreenLab was conceived to bridge
the gap between theoretical knowledge and practical experience. It was designed to be a
space where students can gain vital hands-on experience that could make a significant
difference in their lives and respective community.

> 3D MODELLING

a9 |
R S /

DIGITAL CONTROLLED
MACHINES
(]

% TOOL-MACHINES
(WOOD, METAL, PLASTIC)
ELECTRONIC
MATERIAL

SMALL TOOLS

Fig 2.1: Purpose of FabLab (source: https://luxuryactivist.com/high-tech/fab-labs-digital-revolution-
checked/)

GreenLab microfactory is a digital fabrication initiative (FabLab). But most importantly,
GreenLab is the hybridization of FabLab and Open source Ecology. According to the
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website dedicated to the global FabLab ecosystem (www.fablabs.io) ,A Féb Lab is a
technical prototyping platform for innovation and invention, providing stimulus for local
entrepreneurship. A Fab Lab is also a platform for learning and innovation: a place to play,
to create, to learn, to mentor, and to invent.

Symbolic representation of the FabLab logo?

N

FAB LAB

Fig 2.2: Logo of FabLab (source: https://en.wikipedia.org/wiki/Fab_lab#/media/File:Fab_Lab_logo.svg)

A lot of meaning has been given to the FabLab logo, According to Walter-Herrmann (2013)

At h e -dntemsienality of the logo refers to the production of real, material, 3D objects,

the symmetrical and precise which are symbolic of the basic tools used in a FabLab, while

the surrounding circle represents the circularity of product cycles and a general
sustainability of pr oduct i on ilnnadditioneaccbrding $o. N@il Gershenfeld the

founder of the FabLab movement, the FabLab logo could have different meanings to

different individuals. On this reasoning we therefore conducted a short Facebook poll to

elicit the opinion of other FabLab mangers on what the FabLab logo represents to them.

Below arether esponses of some F ab bfavhat threaFatdapdogod s o p i
symbolize:

Respondent 1 : it looks like people in a circle, holding hands. Also a machined block.o

Respondent 2 : iiSymbiosis of yingyang, 3rd reich/shuriken, cnc cutted piece in 3D-level
and RGB-LED's.0

Respondent 3 : fhumans connecting across the globe, 2D/3D, building blocksé 0

Respondent 4 : MNow when | look at it | see people supporting each other. | just recently
found out that there is a slight difference between the shapes that could remind us even
though we might be different in some ways we are still pretty similar in most things.
| also like how the logo can hold many symbols like .edu .org .com meaning.o

Respondent 5 : Cainmunity, people overall on the worldo .

10
We dondt just innovate


http://www.fablabs.io/

Chapter 2 The GreenLab Microfactor

From my perspective, the FabLab logo means thinking in and outside of the box. It means
finding a way out, finding a way forward, and creating strings of possibilities out of the
seemingly impossible.

What does GreenLab logo symbolize ?

Greenlab

MICRO-FACTORY

Fig2.3:GreenlLab Microfactoryds | ogo

The water droplet logo of the GreenLab Microfactory is based on the logical concept of a
rainfall. Just as the rain that could cause a flood always starts with a droplet, so does the
background objectives of GreenLab microfactory aim to be the trigger towards a flood of
inventors/innovators and inventions not just in Nigeria but also in Africa. The concept is
based on the irrelevance of the magnitude but on the bravery of the commencement.

The gear embedded with the water drop of the logo represents the technical orientation
of GreenLab. The GL in the logo represents openness, collaboration, and sharing which
covers the lessons learnt from the parents of GreenLab. Lastly, the representation of the
colour used for the GreenLab logo are threefold:

1 It symbolises Nigeria and patriotism
1 It symbolises eco-friendliness
1 It means growth and serenity.

GreenlL a b irsovation strategy
Why?

Innovation plays a significant role in the competitiveness and economic development of
an organization, region, and nation. Moreover,t he success r ate
innovation is dependent on the innovation strategy employed (Schilling 2008; Guan et al,
2009; Burgelman et al., 2001).

Guan et al, (2009) suggested that having an innovation strategy could be the binding force
in creating a compelling vision for organizational sustainability. This means that the
success or sustainability of an organization depends on the innovation strategy it uses to

11
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Chapter 2 The GreenLab Microfactor

steer its vision. According to Adner (2006), innovation strategy is used by an organization
to set performance expectations and to also determine target market. Just like an average
organization, GreenLab microfactory has developed its own innovation strategy based on
the Nigerian social innovation ecosystem it plans to operate and serve.

What?

The strategy developed at GreenLab is an iterative strategy called HIDES.

Hearten

|deate

Explore @ Develop

Fig24: GreenlLab microfactoryds I nnovation st

Hearten: drawing from the lack of infrastructural development, the inadequate access to
developmental resources, lack of trust, and gross mismanagement of funds that has
marred Ni ger i abds i nandgroavth.iTbherfirstplyaseloeGreenLab és i nnovat
strategy is dnearten6 w h i cdbepéan the ihterest of the users in the project at hand, be
it events, or prototyping of artefacts. This can be seen as a pre-ideation strategy to
effectively inform and educate individuals on the importance of innovation, collaboration,
sharing, openness, and other methods that will be utilized at GreenLab. This phase could
be |Iikened to ATheory YOO of McGregordéds manage.l

A

We purport that deepening peopleds interest wi
their limited resources in creating the adequate value. Heartened people produce great
ideas and use limited resources to get things done,

Ideate: The ideation phase is where most concepts/ideas are noted and broadly
elaborated. The process used during the ideation phase could be based on a series of
brainstorming sessions, or individuals pitching ideas. In any innovation strategy, as
depicted by the innovation funnel, the idea generation phase is very significant to the
innovation process and its output thereof,

12
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Develop : The development phase is where selected ideas will be gratified into tangible
products. This could include a rapid prototyping phase, or a small scale production of the
ideas,

Explore : At the exploration phase rigorous tests on the artefact produced would be
conducted to know the resilience, usability, adaptability, reliability and maintainability of
the artefact,

Share: Since GreenlLab is a member of the global FabLab ecosystem, and imbibes the
structure of an open source organization. A distributive economy where ideas, knowledge,
information, techniques and technologies are shared will be a key factor in our modus
operandi. Inasmuch as commercializing products are encouraged, GreenLab also
encourages an open source concept where people can freely interact, collaborate, and
share knowledge.

How?

In order to accomplish this strategy, a majority of the technologies used at GreenLab
microfactory will be composed of open sourced or self-made technologies. This will
provide many advantages to the longevity, productiveness, and management of the
workshop considering the envisioned limitations or challenges to the growth of the
organization. Such as, inadequate electrical power supply, building our technologies in-
house means we would utilize energy saving components during the development phase
of the technology, which would give us a greater control on power consumption rate of the
workshop.

Most importantly, GreenLab will generate 99% of its electricity using abundant renewable
energy resources. Which would further hearten the interest of the populace, and contribute
more to the ideation process, as well as the remaining phases of the HIDES innovation
strategy.

13
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| @ secure | htps://www.fablabs.olabs/map

&

Fig 2.5: GreenLab on the map of FabLabs on www.fablabs.io

@ Secure | https;//www.fablabs.io/labs?page=29

& = ran— -
Spain.
Malta 1
Green Lab Isf ( House Of Green ) Mexico 12
@ @ Isfahan, Isfahan, Iran, Islamic Republic Of B info@greenlabisf.net & 0098 913 215 3448 "
Green Lab Isf ( House Of Green) is a community of new generation designers has been Monienegro
newly created to promote researches, education and productions of green ideas especially
¥ Morocco 5
for the city of Isfahan.
Myanmar 1
i@iﬂ!ﬁh«liﬂﬂﬂﬂgm Namibia 1
9 Ibadan, Oyo State, Nigeria & info@greenlab-microfactory.org
GreenLab is a platform for social innovation and social engineering. We will give adequate Netherlands 32
focus into rural/small-scale research and development.
New Zealand 6

Greenville Junior/ Senior High School
@ Greenville, Pennsylvania, United States of America £ rzilla@greenville k12.pa.us . 7245882500

Norway 5
The Greenville High School's Fab Lab is an engineering, design and makerspace divided
into several labs equipped with multiple entrance points and shared glass that add to their Oman 1
flexibility.

Palestine, State of 1
GTU Paraguay 2
Q Thilisi, Georgia £ fablabgtu@gmail.com & +995 (577) 792977 e =

ru
Philippines 6

@ @ &

Fig2.6: GreenLabd s det ail s on www. fabl abs. i
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Poster of Girstapenlsarcednorkshop
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Benny Group of Schools
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-t @pen sovree Solar & 3D

Developmernt / Printing
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Date: 20" to 22"9 of April 2017
Venue
Benny Kiddies School,
Ibadan
Admission: FREE
For more information and registration contact
info@greenlab-microfactory.org
Facebook page: GreenLab Microfactory
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Chapter 3 Ajumose

About Ajumose

Ajumose was launched inlbadanOy o st ate, which is al so
Nigeria due to the pace set across the infrastructural development in Nigeria and Africa.
This spans from the first television station in Africa (NTA Ibadan), to the first Sky scrapper
in Nigeria (Cocoa House), the first university in Nigeria (University of Ibadan), and now to
the first FabLab in Nigeria (GreenLab). Without doubt Oyo state is indeed a pace setter!

Agenda or Objectives of Ajumose

The word Ajumose is paramount to the indigenes of Oyo state, and according to the
Yoruba language Ajumose means collaboration, teamwork, co-working, and cooperation.

The major agenda of Ajumose was to promote collaboration, openness, communal
learning environment and development. It also aimed to show people the magnitude of
what could be accomplished if they collaboratively focus on providing solutions to social
problems by localizing the resources used for production.

Initially, the set objectives of Ajumose were to build a solar panel from scratch, and
assemble 2 RepRap 3D printers. Of the 2 3D printers, one was a hangprinter, a low-cost
open source 3D printer that could accomplish an enormous 3D printing, developed by a
Swedish/Norwegian confidant named Torbjorn. The second 3D printer to be assembled
was an off the shelf RepRap 3D printer produced by Geeetech.

The workshop was unfortunately hit with a setback before any assembly work had even
begun. A major component of the 3D printed carrier of the Hangprinter broke during transit
to Nigeria and despite efforts to reattach it with a wire, we resolved into excluding the
assembly of the Hangprinter due to the inability of the carrier plate to handle the weight of
other components such as 4 stepper motors, the Arduino MEGA and RAMPS, and the 4
spools that were to be included in the final assembled piece. Having access to a digital
fabrication facility in Nigeria would have been ideal for the provision of a solution to the
problem however, there was none known that could have been consulted for support,
hence the need for GreenLab microfactory.

As indicated in the poster on page 15, the workshop started with the development of a

known

sol ar panel system considering the epileptic

well as the significance of electricity to the innovative development of any country. Without
doubt, having access to stable electricity was more important to the success of Ajumose
as the RepRap 3D printer needs a constant power supply, and as the name GreenLab
implies, an objective of the workshop was to encourage people to live an eco-friendly life
and not contribute more to the disintegration caused by industrialization on earth. Hence,

17
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GreenlLab aims not to power equipment with electricity generators but instead use green
energies such as solar, wind and other forms of renewable energies.

Participation Numbers

The numbers of participants were a little close to 80 with professional backgrounds
ranging between, pupils (+ or - 40), high school students (+ or 1 20), tertiary students (7),
traders (5), teachers (4), artisans (car mechanic and photographer) (2), engineers (3), and
Financial managers or accountants (3).The youngest participant was aged 4, while the
oldest was 69 years of age.

Day 1

Like any typical event in Nigeria, Ajumose started with a short praise and worship to
commit everything to the hands of Almighty God, followed by a short prayer led by a 10
year old with the voice of a fierce angel. | then gave a brief explanation of the objective of
the workshop, explained the FabLab concepts, the equipment, the sponsors, and then
split the participants into three groups. Group 1 comprised of participants below the age
of 13, Groups 2 and 3
P comprised of
P participants above 13
years of age. Group 2
were responsible for
assembling the 3D
printer and group 3
assigned with the task
of developing and
assembling the solar
panels. The reasoning
behind the division of
participants  will be
discussed further later
on.

Prior to the
commencement of the
workshop, a group of 4 participants between the ages 8 and 20, were quizzed about their
knowledge of 3D print technology. Not one was able to give a meaningful definition of
what the technology was or a 3D printer, even when shown a video of a 3D printer at work.
The best answer provided comprised ofthewords &i i s a ,whiclk vwas notenorrect
but in an exam would have definitely not been enough to achieve full marks. The test was
conducted not to embarrass any individual but rather to gain an understanding and
highlight the level of exposure the participants had about 3D printing technologies.

18
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In addition, when the same quiz was conducted on solar panel technologies, a majority
were able to explain what a solar panel does, but had no knowledge on how solar
technology was constructed. This was a huge relief because it confirmed the obvious
speculations, lack of infrastructural development in Nigeria was mostly responsible for our
laggard innovative cycle.

Never the less, this was the reason the Ajumose workshop was organised, and GreenLab
microfactory was there to inject seeds of knowledge which if watered correctly could
essentially promote infrastructural development and provide sustainable solutions to the
lurking social problems in Nigeria.
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Criteria for Group Division and  assignment

Group 1

Due to the age difference, the technicality, the fragility of the components, and the
complexity of the activities. Participants aged 13 and below we separated from the wider
group and injected with an equilibrium of both theoretical and practical knowledge about
FabLab, open source, Arduino, Computer aided design (CAD) modelling, and 3D printer.
There was an Arduino lecture, where chapters 1& 2 of the Arduino development handbook
was covered. This would have been achieved faster and quicker if more than one Arduino
component was available to handle the huge number of highly inquisitive participants.
However, we were able to patiently display and explain the projects covered to the kids
who chorused the components and functionalities in amazing synchrony.

20
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Group 2

Group 2 were assigned to construct the RepRap 3D printer. Armed with a manual, the
unassembled components of the 3D printer and tools to construct the device, the team
were tasked to read, learn and apply knowledge gained in order to successfully construct
a functioning 3D printer within their team. The team comprised of a variety of individuals
across an age range greater than 13 years and a number of different professions. After
day one, it became clear how roles and responsibilities were defined and the impact of
age, gender and profession to where participants gravitated to.

22
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Group 3

Group 3 like Group 2 comprised of participants older than 13 years. Tasked with building
the solar panel needed to generate electricity to power the 3D printer, this group of
participants were quickly taught and given an instructional example about the technical
and practical skills needed in order to correctly construct a solar cell worthy of passing
current. At first it appeared that this group in particular had a relaxed task of simply
applying solar flux, soldering lead and strips of tabbing wires to 40 silicon solar cells,
however as time went on, it was clear that a careful, steady and soft handed skillset was
needed to enable accuracy and reduce waste, something that at the end of day one was
learnt to be a foreseeable challenge and required adjustments to the plan to be made.

Each member in group 3 took turns in applying the solar flux solution, soldering lead and
tabbing wires to at least one solar cells. Which had both positive and negative effects on

23
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the project. 1 positive effect being the knowledge gained during the development process

of the solar panel. 1 negative effect due to the breakages of at least 4 solar cells on day
1.

24
We dondt just innovate



Chapter 3 Ajumose

Day one came to a close promptly by 7pm, due to diminishing natural light and human
energy drainage, but with a feeling of accomplishment between the 3 groups. Group 1
successfully being able to explain the concept of FabLab, 3D printing and the difference
between normal manufacturing. Group 2 successfully constructed the 3D printer frame
and Group 3 after some learning, developed the steady hand needed to create 10 solar
panels. As a result the evening was called to a close and participants sent home to
reenergise for day 2. Despite the advancements made on Day 1, a lot was learnt about
the constraints that posed as a challenge to the project. Some of these became evident
on Day 2. The below looks at the lessons and limitations gleamed from Day 1

Lessons and Limitations

Lessons learnt on day 1

- Participants quickly moulded into roles and responsibilities based on their
professional background

25
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In group 2, age played a big factor where the younger the participant was, the lower
the level of responsibility assigned. This was particularly witnessed during the 3D
printer construction where a young boy of 13 was assigned stock room
responsibilities, overseeing the outgoing and incoming of components needed for
the construction of the 3D printer. At points this young boy made valuable
contributions that sometimes made one wonder whether he should have been
promoted to the construction team, but not wanting to depart from the roles and
responsibilities put in place, he remained as a stock room assistant, on hand when
called.

The level of understanding at what needed to be done was quickly grasped and
applied

Collaboration quickly came into effect, participants supported one another to grasp
the knowledge and apply in order to accurately develop.

Limitations experienced on day 1

A leadership position was not taken up in group 3. Strangely enough there was no
individual who took the role of coordinating, overseeing and leading. Whether this
be due to experience, knowledge or lack of, the need for a leader became evident.
The fragility of the solar cells was quickly noticed. Group 3 had been instructed to
work on 40 solar cells, all were to be used, until one broke, and then another. After
the 4 solar cell broke, it became evident of the need to re-strategize about the
construction and size of the solar panel. If the rate at which breakage had occurred
continued, there would have not been enough solar cells to create the solar panel
desired and therefore change needed to be introduced.

Equipment i the ordered 3D printer was not accompanied with a manual about
how to set up the 3D printer. The participants were therefore forced to download a
copy from the ma n u f a c walbsitee and wiilise this in order to construct the 3D
Printer. Sounding seemingly easy and straightforward it became apparent that the
item numbering of components in the box did not match up to the item numbering
given in the downloaded manual. Furthermore when relying on visual perception
only, participants were led on numerous occasions to the assumption that they
were missing pieces when in fact the pieces simply took on a different visual
appearance to what was displayed in the manual. Participants were therefore
forced to learn the art of cross referencing using the downloaded manual
(containing varying imagery and conflicting numbering), the item list provided with
the 3D printer components and the Quality assurance checklist signed by the
overseer at the company. With these 3 pieces of documents, the participants were
able to reason the correct item numbers to be used at each stage and deduce items
which although visually did not compare to the manual, bared the same name
according to the item itinerary checklist provided.

Facilities: The inadequacy of the facilities used posed a little challenge. There was
not enough work tables or space, most participants had to work on a 40cm high
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bench, which if used for a very long time could be haphazard to ones back and
advertently health.

- Health and safety: Due to the lack of infrastructures at the venue, the workstation
setup by group 3 had to use 2 long benches, which after a long time of work posed
a negative effect on the backs of the group members

- Internet: The limited data bundle purchased ran out when groups had to watch
YouTube tutorials on how to solve particular challenges encountered during the
development process.

The vital lesson learnt was how inquisitive the participants were to learn about digital
fabrication, FabLab, and 3D printing. If not for the Ajumose

Day 2
Group 1

On day 2, building on the lessons learnt on the previous day group 1 did some CAD 3D
model design lessons. Where the participants were given a detailed explanation of the
CAD software, the difference between the commercial CAD software and the open source.
The lesson of the day was conducted using the open source FreeCAD software.

Participants were shown how to use FreeCAD software, which was going very well until
the laptop could not handle the workload bestowed upon it any further. The children in
group 1 were able to explain how FreeCAD software worked, however the opportunity to
personal handle the software themselves would have been much more valuable.
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Group 2

The 3D printer assembling team had a major issue with the late arrival of the self-

appointed leader from day 1, which disoriented the whole team as it was noted that some

of the 3D components were unidentifiable. After some minutes of deliberation, the group

was restructured and work began afresh. In addition, some issues became obvious such

as the immobility of the x, y, and z axis linear rods. The problem was identified to be a
possibleresultofmanuf act ur er 6s er r or difitrenee intlickniedsandu ne v e n
possible structural damage of the rods. Moreover, the incorrect labelling of the supplied

3D components impacted further on day 2 which led to a rigorous task of cross analysing

the required components to build a particular section of the 3D printer with the online
documentation
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Group 3

The solar team discovered that the tabbing wire and soldering lead bought for the
workshop were not enough and attempted to purchase additional resources locally.
However, all attempts to purchase the right tabbing wires were abortive, therefore the
ream concluded that the bus wire should be split in halves to replace the tabbing wires.
This ended up working just fine.

With regards to the soldering lead, due to limitations being lack of knowledge where to
buy soldering lead and lack of funds, the team were unable to get a replacement
immediately. However, one of the participants, an artisan (car mechanic) by profession,
acquired soldering lead for the project costing N700 (Naira), and refused to be reimbursed
claiming the knowledge gained from the Ajumose workshop was sufficient for him to
support the cause. The significance of his effort may look little, however it should not be

overlooked, because without t hi s voluntary act, the abi

complete the rest of the project would have been severely under risk, which would have
hampered the success of the workshop.
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Unlike day 1, day 2 ended late in the evening around 21:30, due to the issues with the
smooth linear rods experienced supplied with the 3D printer.

Lessons and Limitations of day 2
Lessons

A significant lesson learnt centred around how people thought outside of the box and
collaboratively proffer a solution to a problem. In the sense that, when the tabbing wires
were exhausted, and all efforts to acquire more proved abortive, the group came up with
an idea to split the bus wire into halves to be used as a replica of the tabbing wires. This
was a long process, but a very ingenious one because the success of their task was
dependent on the acquisition of the tabbing wires.

Limitations

Leadership: This particular issue affected group 2 (3D assembling team). In the sense
that the participant that led the group on day 1 did not arrive on time. Which created a little
pandemonium with regards to loss or unaccountability of some of the assembling
components. After 1 to 2 hours, the group were able to restructure themselves and start
afresh with a new leadership and coordination structure.

Inadequate resources: this was paramount on the second day when it was noticed that
more than one computer system was needed to teach group 1. Also noted included, when
group 2 needed a means to make the linear rods supplied with the 3D printing components
even and group 3 needed additional tabbing wires and soldering lead to proceed with their
task. Adequate access to internet services would have most likely eased some of the
issues. However, just like the concept GreenLab microfactory was trying to introduce to
the community, localization and optimum appreciation of available resources is the first
step to accomplishing sustainability.

Day 3

The final day had arrived and it was as if the clock had begun to tick in place, as all
participants began to display and utilise more fully the previous two days of learning on
the final day, being able to easily spot mistakes, propose improvements and even find,
propose and implement solutions to problems encountered. In some cases the proposed
solutions were simple and successful enabling completion of the task however in other
cases it became apparent if time had not been the limitation, the solution could have been
implemented and successful. The following looks individually at the 3 groups highlighting
the outcomes of final day learnings.

Group 1
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Group 1 started with a short quiz/debate separating participants further into age categories
of under eights, age groups 9, 10, 11, 12, and 13 respectively producing 6 micro groups.
This generated a profound statement on the level of knowledge assimilated by these
participants. If not all, most of the group 1 participants were able to explain how the 3D
printer works, how to do a basic Arduino project, how to design a 3D model using FreeCAD
software, and most were enthusiastic about the FabLab concepts, with questions on when
the next workshop would be or when the GreenLab would acquire all the equipment
needed to successfully operate her FabLab.

Before the end of day 3, group 1 visited other senior groups (i.e. group 2 and 3) to see the
state of their tasks, and to also learn more about the work completed, especially the 3D
printer which they were opportune to see the functionalities of the 3D printer but were
unable to gain a full experience of its utilisation.

Group 2

Group 2 discovered that the structure in which they had put together over the previous
two days was in fact missing some parts due to the lack of knowledge, awareness and
manufacturer instruction about what parts should be used when and what individual parts
contributed to the functioning of the 3D printer. Despite the 3D printer being constructed
to a level of testing and electronic connections, unfortunately the 3D printer was unable to
be completed. The group had successfully fixed the issue concerning the linear rods
controlling the x and y axis, however were unable to move past the Z axis issue which
obstructed the extruder positioning from moving freely up and down across the Z axis as
expected. The team noticed one of the threaded rods appeared to be slightly more thick
than the other and therefore when attached to the Linear ball bearing and performing a
verification test, the rods attached to the Z axis expected to rise and fall along the Z axis
according to the command given on the p r i n ¢ommaddsystem, unfortunately did not
and appeared to stick at different positions along the threaded rod.

A number of solutions were tried from sanding the rod to smoothen the grip, to even adding
oil hoping to give the rod some lubrication that would hopefully enable the attached pieces
to slide up and down easier. However neither of these options worked effectively enough
to enable the Z axis rods to independently work. A majority of time had been spent trying
to fix the challenge regarding the Z axis however as time was a limitation and the end of
the day was fast approaching, a collective decision was made to leave activities where
they were and call it a day. The efforts made by the team to solve this one challenge were
tremendous, utilising a variety of options.
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Group 3

Group 3 had successfully completed and joined 15 solar cells in series to one another
leaving Day 3 only to testing and fine tuning. After testing the connections with a digital
multimeter, the team were stunned to find no voltage output being produced. After careful
consideration of each individual cell, it became apparent that some of the cells were
incorrectly connected. So the group had to detach and reattach the cells, which at the
end generated 6V electricity which was used to power a small pocket torch. This became
the success story of the day, and a major contributory reason to the conduction of the
workshop.
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Lessons and Limitations of day 3

The major lesson learnt on day 3 was that as a community it is possible to achieve a lot if
given a conducive environment. Despite all the setbacks experienced, the successful
execution of a DIWO workshop is majorly reliant of the complementarities and
accumulation of knowledge. This being evident most importantly in group 3 where the
quick rebuild job done on the solar panel was led and conducted by an engineer who with
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