


FAB LAB

A LOCAL FABRICATION
L ABORATORY WHICH
AIMS TO DEMOCRATIZE
ACCESS TO PERSONAL

AND COLLABORATIVE
INVENTION USING
DIGITAL TECHNOLOGIES
10 MAKE ALMOST
ANYTRING.




This guide outlines the
main challenges and issues
arising for anyone running, or
considering setting up, a Fab
Lab. How much of the content
is new to you will depend on the
depth of your knowledge about
digital fabrication, the Maker
Movement and basic business
fundamentals. We hope that
each reader is able to take

new insights from the guide
and that it serves to strengthen
the impact of Fab Labs both
locally and globally.

By Jennifer Johns, University of Bristol
in collaboration with the Fab Foundation
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OF FAB LABS
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THE CONCEPT
OF FAB LAB EMERGED
FROM MIT'S CENTER

FOR BITS AND ATOMS. D O 4

Countries with a Fab Lab

The goal was to provide access to the
tools, knowledge and the financial means
to educate, innovate and invent using
technology and digital fabrication to allow
anyone to make (almost) anything, and
thereby create opportunities to improve
lives and livelihoods around the world.

The Fab Foundation was formed in 2009
to facilitate and support the growth of the
international Fab Lab network.

Sherry Lassiter, President and CEO of Fab
Foundation, observed that the number of
® Useful links Fab Labs has been doubling every year

and a half, similar to Moore's Law. This is
now called ‘Lass’ Law’ (Gershenfeld et al.
2017:18).


http://www.fablabs.io/labs/map
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THE FAB LAB NETWORK IS AN
OPEN, CREATIVE COMMUNITY

OF FABRICATORS, ARTISTS,
SCIENTISTS, ENGINEERS,
EDUCATORS, STUDENTS,
AMATEURS, AND PROFESSIONALS
OF ALL AGES, LOCATED IN MORE
THAN 100 COUNTRIES AND
APPROXIMATELY 2,500 FAB LABS.

From community based labs to advanced
research centers, Fab Labs share the aim
of democratizing access to the tools for
technical invention.

This community is simultaneously a
manufacturing network, a distributed
technical education campus, and a
distributed research laboratory working
to digitize fabrication, inventing the next
generation of manufacturing and personal
fabrication.

FAB CONFERENCES

FaBol @)——

Boston, USA

FaB03 @)——

Pretoria, South Africa

FaBos @)———

Pune, India

FAB07 @)——

Lima, Peru
cba.mit.edu/events/11.08.FAB7

FaBo9 @)————

Japan
www.fab8jp.com

Fae @)——

Boston, USA
fab11.Fab Labbcn.org

Faes @)——

Santiago, Chile
fab13.fabevent.org

Fagis @)——

Egypt

www.fab15.fabevent.org

Fag7 @) ——

Bhutan
www.fab17.fabevent.org

FABLABGUIDE @

FABO2

Lyngen, Norway

FABO4
Chicago, USA

FABOG
Amsterdam
cba.mit.edu/events/10.08.FABB

FABOS
New Zealand
www.fab8nz.com

FAB10
Barcelona, Spain
www.fab10.org/en/home

FAB12
Shenzhen, China
fab12.fabevent.org

FAB14
France
www.fab14.org

FAB16
Montreal
www.fab16.fabevent.org
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WHAT IS
A FAB LAB?

® Useful links

Neil Gershenfeld tells us that a Fab Lab
today fills a room, weighs about two tons,
and costs about $100,000.

That includes 3D scanning and printing,
large-format and precision machining,
computer-controlled lasers and knives,
surface-mount electronics production,
embedded programming, and computing
tools for design and collaboration. With
this equipment, it's possible to locally
produce and customize products that are
massproduced today, such as consumer
electronics and furniture.

EXTRA RESOURCES

Gershenfeld, N. (2005) Fab: The coming revolution on your desktop - from
personal computers to personal fabrication. New York: Basic Books.
Gershenfeld N. 2012. How to make almost anything. Foreign Affairs 91(6): 43-57.
Gershenfeld, N., Gershenfeld, A., Cutcher-Gershenfeld, J. 2017. Designing Reality:
How to survive and thrive in the third digital revolution. New York: Basic Books.

FAB LAB GUIDE
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https://news.mit.edu/2016/3-questions-neil-gershenfeld-fab-labs-0104

MAKING
MOTIVATIONS
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WHY SET UP
A FAB LAB?

What motivates Fab Lab founders?

There are many motivations for setting up
aFab Lab. These include:

/7

formalising an existing Makerspace;

/7

to help regenerate places, communities
and neighbourhoods;

N\ to provide services to the local
community;

/7

to educate new Makers;

Ve

to advance knowledge of digital
technologies and explore new

possibilities;
@ Useful links
\ to support research and development and
MAKE MAGAZINE upgrade knowledge in existing disciplines;

\ to provide services to existing industries,
especially in prototyping and innovation.

a space focused on digital fabrication,

MAKER FAIRES )
Fab Labs are a kind of Makerspace, but x
community engagement and impact.



https://makezine.com
https://makerfaire.com

02 MAKING MOTIVATIONS 20

MANY FAB LAB USERS
WOULD DESCRIBE
THEMSELVES AS ‘MAKERS'.

They participate in the ‘Maker Movement’
which extends the ‘do it yourself’ culture
into creating new objects and re-purposing
existing ones.

Spaces for Makers vary in how they are run
and the types of equipment they have.

Some are more commercialized, aiming
to help entrepreneurs make prototypes
they can commercialize, others are a
venue for hobbyist Makers to hang out.
Techshops used to be the most advanced
in terms of tech offered and were based on
a membership model. They closed down
in 2017 leaving the future of community
based digital fabrication in the hands of
Fab Labs and Makerspaces.

The story of Fab Lab isn't just about
playing and learning. It is about the power
of digital fabrication for innovation,
entrepreneurship, learning for community
impact and solving global challenges.

. FAB LAB GUIDE \
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INNOVATE

CONTENTS

EXCHANGE ADVANCE

MAKE FUTURE FOCUS
FAIL INTERNET
cutT CODE
DIGITAL PRINT
CONNECT EXPERIENCE
EDUCATE INVENT
SUSTAIN SHARE
GROW KNOWLEDGE
WELLBEING ENTREPRENEUR
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“They have The Fab Lab Charter on the
wall with what you can and cannot do.
Whereas the Hackspace is very much
more like the Wild West in that you do
whatever you want.

My girlfriend, for example, prefers the
Hackspace because she just gets on
and doesn't have to talk to anybody. She
doesn't feel bad about not talking.

Whereas the Fab Labs are more of a
community. With the Hackspace, if you
want to talk to other people you can, but
if you want to ignore them and carry on
making you can. It's a different culture.”

Quote from a Fab Lab user

TYPOLOGY OF
MAKERSPACES

FAB LAB GUIDE \
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FAB CHARTER
AND OPEN
SOURCE
PHILOSOPHY
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WHAT MAKES FAB LABS
DIFFERENT TO OTHER
MAKERSPACES IS A SET
OF GUIDELINES THAT
ALL LABS FOLLOW.

The gquidelines are designed to support
managers and users and to create an
atmosphere of openness.

27 FAB LAB GUIDE r
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WHO CAN USE A FAB LAB? !
Fab Labs are available as a
community resource, offering open
WHAT DOES THE FAB LAB access for individuals as well as WHAT ARE THE
NETWORK PROVIDE? scheduled access for programs. RESPONSIBILITIES OF USERS?

technical, financial and logistical machines. Operations: assisting with
assistance beyond what's cleaning, maintaining and improving
available within one lab. the lab. Knowledge: contributing to

Operational, educational, @ Safety: not hurting people or

. I documentation and instruction.
:
.
WHAT'S IN A FAB LAB? @" o T @ WHO OWNS FAB LAB
Fab Labs share an evolving h" Ll
= .
inventory of core capabilities to “1. Designs and processes developed

make (almost) anything, allowing in Fab Labs can be protected and sold

people and projects to be shared however an inventor chooses, but
should remain available for individuals

to use and learn from.

WHAT IS A FAB LAB?

Fab Labs are a global network of
local labs, enabling invention by
providing access to tools for digital
fabrication.

HOW CAN BUSINESSES USE A FAB LAB?

Commercial activities can be prototyped and
incubated in a Fab Lab, but they must not
conflict with other uses, they should grow

beyond rather than within the lab, and they

are expected to benefit the inventors, labs and
networks that contribute to their success.



\

03 FAB CHARTER AND OPEN SOURCE PHILOSOPHY 28 29 R FAB LAB GUIDE

© CONTENTS

WHAT IS ‘OPEN SOURCE’
AND WHAT DOES IT MEAN
FOR FAB LABS?

“Uoseineaetior is
noppenmgunupses;
0pen. SOUNGCECONIMUNITESS
'8 camptnr o R {ofdlg)g)onl softiee,
source code is available for all to use, and It's the font Of ’nnovatlon

enables modification from its original
design. In the context of Fab Labs, this for techno’ogy”
means that much of the equipment and
the designs are open source - they can be
modified, thereby enhancing the potential
of the technology and user engagement. Jlim Yeaton) RedHat
Sitting alongside the Fab Charter, the open
source philosophy means that when users
have used free, public time in the Fab Lab
they are strongly encouraged to make their
designs available to other users so that all
can learn from each other.




The WikiHouse project is an open source
project designed to reinvent the way
homes are made. The aim is to use digital
manufacturing to make it possible for
anyone to download and ‘print’ customised,
low-cost, high performance houses.

® Useful links

LaserDuo is an open source laser cutter
machine designed and built by Daniele
Ingrassia and his team. Developed and built
inFab Lab Kamp-Lintfortasamultipurpose
machine, LaserDuo allows access to laser
cutting technology at a lower price in
comparison to similar machines available
on the market.

@ Useful links

30
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® Useful links

FAB LAB GUIDE

Concerned with declining bee numbers,
the Fab Lab Barcelona at IAAC has
fostered a distributed team of designers
and developers to produce open source
beehive designs. These can be freely
downloaded, installed to a CNC router
machine and cut from a standard 4x8 sheet
of material. The fabricated pieces slot
together without the need for screws and
glues. To date there are more than 60 hives
in over 20 countries.

There is also a sensor kit that creates open
source data regarding the healthiness of
the hive, so researchers can monitor the
hive. The project is about more than just
the technology. It has an important role in
bringing communities together around the
beehives.

CONTENTS


https://iaac.net/research-projects/self-sufficiency/
open-source-beehives
https://www.osbeehives.com/
http://laserduo.com
https://wikihouse.cc

PLANNING
AND
PERMISSIONS
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LOCATION,
LOCATION,
LOCATION!

It is crucial to consider exactly where the
best location is for each Fab Lab. In theory
a Fab Lab can be located anywhere, but
each lab needs to attract users (both
the public and businesses). It may be
challenging if you are some distance from
urban areas, but there are examples of
successful rural Fab Labs.
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36

The closeralabis to public transportand/
or parking the easier it will be for users to
get to the lab, and to transport materials
for their projects. You may want to
investigate sharing a space, for example
setting up a Fab Lab in a public building
like a I'i'brary.

&

FAB LAB GUIDE

DO YOU NEED ANY PERMITS,
LICENSES OR PERMISSIONS?
Check with local and national
government officials. It will help if
you can get in touch with existing
Fab Labs in your country to ask if
there are any specific rules you
need to consider.

CONTENTS
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EXAMPLES OF DIFFERENT
TYPES OF FAB LAB

PARTNERSHIPS:

LIBRARY

Trafford Fab Lab (UK), Fab Lab Devon in
Barnstaple (UK) and FrysklLab, a mobile
library Fab Lab in the Netherlands.

SCHOOL

Santa Clara High School in Santa
Clara, California and UI1 High School in
Grindstone, Pennsylvania.

UNIVERSITY

Fab Lab Nairobi, Fab Lab CSUB (California
State University Bakersfield), Fab Lab UW
Stout (University of Wisconsin), Fab Lab
Aalto (University of Aalto, Finland).

There are strong corporate partnerships
with Chevron, GE Foundation, Airbus
and SolidWorks. These partnerships
create new labs and support resources
and programmes in existing labs.
Other examples include Creative Lab in
Guyancourt, France (with Renault) and Fab
Lab Bristol, in the UK (with Saint-Gobain).

FABLABGUIDE @

CONTENTS

Cost per square metre for your
space. It is likely that the closer
you are to the centre of urban
areas, the more expensive space
will be. Strike a balance between
a central location and having
more space in your Fab Lab.

Proximity to public transport
and / or parking facilities.

What kind of space is going
to attract local users (i.e. tidy
modern office space or dirtier
warehouse-type space)?

What facilities do you need? A
toilet is essential if you expect
users to stay for more than a few
hours. Check what regulations
you need to adhere to.

It is unlikely you can buy the
space so you are likely to rent.
Over what terms can you rent?
What commitment can you make?
Find out what changes you are
allowed to make to the space.



SOURCES
OF
REVENUE
AND
SUPPORT
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SETTING UP A FAB LAB
INVOLVES AN INVESTMENT
OF TIME AND MONEY.

It is a challenge to secure funds, organise
finances, people and equipment and
get up and running. But, as the growing
number of Fab Labs shows, setting up
a Fab Lab is possible and it can be an
exciting journey!

There are a number of different routes
to funding and you may find that these
vary according to the country in which
you are looking to set up a Fab Lab. One
key decision relates to membership fees.
Some Fab Labs charge them, others don't.
Membership can be charged annually,
quarterly, monthly or even pay-as-you-
go. There is no standard Fab Lab rate -
each lab has to work out what suits their
business model.

Itislikely that your Fab Lab willneed to use
all the listed income streams to survive.

43

TYPE OF FUNDING ADVANTAGES DISADVANTAGES

Public

i.e. Grants

- Public grant money unlikely to have to be
repaid.

- Likely to connect to broader schemes
and initiatives that can boost the Fab Lab.
- Grants can be a driving force. They are
often service or programme oriented

s0 look for alignment between the grant
organisation and a program you want to
start.

- Sustainability can come in the long-term
if you are able to develop long-term, trust
relationships with Corporate Social
Responsibility departments or Foundations
for which you partner on programs and
services.

FAB LAB GUIDE \

- Difficult to be sustainable.

- What happens after the grants run out?

- Time consuming to be chasing grant
revenue (and many will not be successful).
- Dependent on funders understanding
what Fab Labs are and what they can offer.

Membership Fees

- Can bring relatively consistent income.
- Ties users to the Fab Lab and they are
more likely to attend if they are paying
afee.

- Fab Lab may receive fewer users
compared to free use.

- Costs associated with managing the
membership scheme, including substantial
efforts in advertising and marketing to
keep new users coming in.

Education

i.e. University. Can be
private or public. Can also
be a lab daing professional
development.

- Consistent income and resources to
invest in people and equipment.

- May also come with strong existing brand
and reputation.

- Much lab time will be taken up with
education for students.

- Typically there is less public open access
to the Fab Lab.

Private Funding
i.e. Loans

- Working with private companies

may bring other advantages such as
sponsorship and / or commercial work
income.

- Make sure there is a clear understanding
with private companies about expectations
of the Fab Lab.

- Can bring good publicity.

- Risky, avoid personal investment of
finances.

- How to pay back loans? Is the business
model secure enough?

Fees for Services

- Maximises existing resources (the skills
and knowledge of your staff).

- It increases engagement with local
businesses and their staff.

- Provides access to information on

how Fab technologies are being used in
prototyping and innovation in different
industrial sectors. It is exciting!

- It requires a high investment of staff
time.

- Many clients will want private, dedicated
time in the Lab which reduces time open to
the public. A balance needs to be found.

- You will have to ensure confidentiality
and IP protection.

CONTENTS



02 SOURCES OF REVENUE AND SUPPORT

COMMERCIAL
REVENUES

44

Most Fab Labs provide services for private
companies who need digital fabrication
and / or consulting on prototyping new
designs and concepts. This can be an
excellent source of revenue and working
with businesses can be interesting and
mutually beneficial.

As with membership fees, there is no set
Fab Lab rate, but most labs publicise their
rates. You need to work out what price
your Fab Lab's services can command.

Some Fab Labs conduct small scale
manufacturing in off-hours for local
companies. In Ghana they make dog
tags on the laser cutters for the local
government; in Kenya they prototype
and manufacture small medical devices;
in Tulsa Oklahoma (US) they help local
entrepreneurs design and manufacture
products related to motorcyles.

HAVE YOU THOUGHT ABOUT
SETTING UP AN ADVISORY
BOARD?

This is a group of interested people
who can help support the lab. You
could include individuals from public
funding bodies, local businesses and
experienced Makers.

FAB LAB GUIDE \

DO YOU INCORPORATE THE
FAB LAB AS A LIMITED OR
INC COMPANY? OR DO YOU
SET UP AS A CHARITY?

There will be pros and cons of
each - investigate this in the
context of your own country.

CONTENTS
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TYPES OF SUPPORT:

REMEMBER THAT

THERE ARE MANY
SOURCES OF SUPPORT.

@ Useful links

sl

EMOTIONAL
Use your personal and social networks.

FINANCIAL
Explore all options open to you and try to
have multiple funding sources.

TECHNOLOGICAL

You are part of a much bigger community.
You can draw on the Fab Foundation,
your regional Fab Network, and other Fab
Labs in your country for support. You are
also part of the Maker Movement and can
connect with other Makerspaces.

p FAB LAB GUIDE \
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A KEY QUESTION IS AROUND
SUSTAINABILITY. IT IS A CHALLENGE
TO KEEP FAB LABS RUNNING AFTER
INITIAL FUNDING RUNS 0OUT.

You need to think about long-term sustainability from day one in planning your
Fab Lab. Find your long-term stakeholders and partners. There are many models
in both the Maker and Fab Netwarks. But realise that making your own model is a
highly customised process, dependent on your stakeholders and the needs and
interests of your community.


https://www.fablabconnect.com/

SETTING UP:
EQUIPMENT
AND SPACE




The cheapest and fastest way to forma Fab
Lab is to buy and assemble it yourself. This
approach requires you to have some good
expertise on hand to help you set up, install,
debug and train staff. The Fab Foundation,
and several other organisations, do offer
some other ways of setting up a lab but
these are more expensive. The full list of
equipment, tools and consumables for a
research grade Fab Lab is available at:

A typical Fab Lab costs around $65,000-
$100,000 in capital equipment. For the
open source software visit

51
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http://academy.cba.mit.edu/classes
http://academy.cba.mit.edu/classes
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Aninventory of equipment can be found at:

For further help contact Fab Foundation
info@fabfoundation.org. The standardised
Fab Lab kit is designed to make it
possible and desirable for Fab Lab users
to design and make things that can be
shared globally. Users can share, designs,
machine settings and tips to ensure that
items can be digitally replicated anywhere
in the world. You are not limited to the
standardised kit. If a Fab Lab wants to
purchase additional equipment it is able to
do so. Itisalso fine if a Fab Lab can't invest
inthe full set of equipment. Itisadvisable to
try to establish working relationships with
equipment manufacturers (i.e. desktop 3D
printers and laser cutters)to see if they will
loan items or arrange for long-term leases,
which can help with a Fab Lab's cash flow
and initial equipment investment.


https://docs.google.com/spreadsheets/d/1U-jcBWO JEjBT5A0N84IUubtcHKMEMtndQPLCkZCkVsU/pub?
single=true&gid=0&output=html

U6 SETTING UP: EQUIPMENT AND SPACE

WHAT TYPE OF
ENVIRONMENT?

= Tl

(02

03

54

Many digital technologies are relatively
clean so Fab Labs don't necessarily have
to be in workshops. Many Fab Labs are
in spaces that resemble offices. It is
advisable to think about the following
factors:

How much space do you need? How much
can you afford? Do you include electronics
components,  high-precision  milling
machines for circuit board creation and
computers for programming?

Where will you put the equipment? How
do you anticipate users using the space?
Does some equipment need to sit together
or apart (due to noise or the generation of
dust and fumes)? You don't want particles
in the air around laser printers and 3D
printers.

What facilities are you able to offer (coffee
making for example)? Will there be space
for users to talk and socialise?

55 FAB LAB GUIDE r
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FULL FAB LAB
SPACE

3m

. x 20m
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FINDING THE RIGHT PEOPLE
TO STAFF A FAB LAB
IS AN IMPORTANT TASK.

There are different types of staff, hired on
different contracts, who can be used
to run the lab. The first position to fill
is the Fab Lab manager, and this isn't
necessarily the person / people who have
initially set up the lab. Try using Maker
networks to find candidates who have
experience with the equipment and other
Makers.

There are many functions that need to
be performed, including administrative
support, maintenance and cleaning.
If your Fab Lab is seeking to be more
professional and impactful then you
may need to think about staff to cover
communications, community building and
business development.

Try to work out what each role entails, and
what combination of staff suits your lab.
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WHERE
TO FIND
PEOPLE?

® Useful links

sl

60

One place is Fab Academy. Every year
the Fab Academy produces dozens of
individuals who have been trained in Fab
Labs using core equipment. They often
have blogs and may well be looking for
work in Fab Labs.

Don't forget to look at international labs
as well as local ones, as these individuals
tend to be geographically mobile and keen
for work abroad. You can look at the jobs.
fabeconomy.com portal where people
find and share lab managers.

61
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http://jobs.fabeconomy.com
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AN INTERVIEW WITH NICOLE,
FORMER FAB LAB INTERN.

MY BACKGROUND

| was still an architecture student when |
came to Denmark to do my internship at
Fab Lab RUC.

I'd spent three years designing concept
buildings and furniture in 2D and 3D, as
architecture students do, but | had zero
knowledge about manufacturing and

prototyping.

MY EXPERIENCE

Comingto Fab Lab forthe first time, it was
like Christmas on steroids: immediately
| felt my creativity explode, while at the
same time trying to cope with learning to
use manufacturing machines correctly.

| spent every day at the lab, and almost
all my weekends, prototyping, making
mistakes, learning. The easiest machines
for me were the lasercutter and the 3D
printer. | learnt to code electronics for
my own fun projects and that was much
more difficult than | thought, especially
the coding, where there is a very steep
learning curve. The CNC machine
captivated me. | quickly learned how to
use it and then experimented heavily oniit,
with different types of wood and different
operations, like 3D milling. The CNC has
been the machine that enhanced my
creativity the most, to the point that I'm
soon starting a furniture company.

63

WORK AFTER FAB LAB

The Fab Lab has been very crucial to my
life since | was an intern there.

Soon after my internship, | landed a job in
product designand later alab managing job
at a university where | currently work. To
this day | still use the Fab Lab to prototype
on my own designs and try new things.

FABLABGUIDE @

WHAT I'VE LEARNED

Fab Lab, and the wonderful people
working there, gave me the freedom to
experiment on my own and build a new
diverse set of skills on my own pace.

The people you usually meet in a Fab Lab
are inherently creative people and they
are almost always open to sharing their
experience and knowledge.
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LAUNCH
AND
MARKETING
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ONCE YOUR FAB LAB
IS READY TO OPEN
YOU'LL NEED A PLAN

FOR HOW YOU GO
ABOUT OPENING.

Is a 'soft’ opening a good idea? A soft
openinginvolves openingtoasmallnumber
of selected people who can use the Fab
Lab, test the equipment and enable

staff to become familiar with running the
lab. It is a ‘trial run’ that can last a few days
or weeks. Your alternative is a ‘big bang’
opening in which you are open, ready for
full business from day one. Either way
you should think about whether you have
the resources to hold an opening event in
which you celebrate the Fab Lab opening
and invite the media.

There are many ways you can publicise the
opening of your Fab Lab, and there are tools
you can use going forward to continue to
boost the profile of the Fab Lab. You should
consider traditional media.

Many governments are very interested in
digital technologies, particularly in relation
to Industrie 4.0 and the ‘factory of the
future’. Traditional media is latching onto
this so may be more interested in your Fab
Lab story.

Also, use social media as much as you can.
Twitter, LinkedIn, Facebook, Instagram
etc. are all effective ways to increase the
buzz around your Fab Lab. Encourage
users to talk about the Fab Lab and share
photos of what they make. You can also
leverage your networks, for example, draw
onand/ or create networks with education
establishments, local firms and equipment
manufacturers. They may want to support
your marketing efforts.

67
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WHO IS YOUR
TARGET MARKET?

Understand this to tailor your launch

and marketing and remember it may
change over time.

CONTENTS
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MAXIMISING USER
EXPERIENCE: ALL
FAB LABS ARE FREE
TO SET THEIR OWN
BUSINESS MODEL.

This includes opening hours and how
users are encouraged to use the Fab Lab.
There are several things to think about and
decisions to make that fit your specific
circumstances. Dont forget, these
decisions can change as you and your
users learn more about your Fab Lab.

69

OPENING

Which days do you open? Do you have
public open days and separate commercial
days for private companies? Do you open at
the weekend? Weekends are when you are
likely to have the most public users visit but
you need to think about who will staff the
Fab Lab at the weekends.

What times do you open? Do you open
during traditional office hours i.e. 9am
to 5pm? This will be easier to staff but
it means that users who work full time
will only be able to come at the weekend.
Do you open later in the day i.e. evening
sessions to try to maximise user numbers?

Think also about initiatives that you can
establish to encourage your users to work
together. Some Fab Labs have dedicated
sessions where collaboration is the focus.
Individuals aren't allowed to work on their
solo projects, only on projects where users
work together.

FAB LAB GUIDE \

Not all your users will be adults. What
provision will you make for children? Will
you set a minimum age limit for children to
usetheequipmenti.e.12yearsold?Children
can be active and engage users and can
participate in the Fab Lab community
in meaningful ways. Family activities
can help the adults too as children often
readily grasp new skills and understand the
potential of digital fabrication in education
and work.

Remember that depending on the health
and safety legislation in your country you
are likely to need to conduct an induction
for new users that includes safe use of the
equipment.

Understand what skills your users have and
where they can help each other. This may
happen naturally, but good Fab Lab staff
may be able to introduce users to each
other and have them teach each other with
their complementary skills.

CONTENTS
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INTER-GENERATIONAL
LEARNING.

There are many ways that knowledge can
be shared between generations in Fab
Labs. A typical example could be: Mark
and Johnny both worked as engineers
and are now retired. Evan is an apprentice
for a large manufacturing company and
he comes to the Fab Lab to learn about
traditional engineering concepts from
Mark and Johnny. Mark and Johnny are
trying to understand 3D design from Evan!

7

CHILDREN AND
YOUNG ADULTS

FAB LAB GUIDE \

Younger Fab Lab users can gain a lot
from Fab Labs and contribute to the Fab
community inmany ways. A typical example
could be: Paul started visiting his local Fab
Lab when he was six. He is now extremely
proficient with all the equipment. Paul
is a reqular Fab Lab user and even holds
educational courses for other users.
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AN INTERVIEW WITH AMY
FROM MANCHESTER FAB LAB

When did you start to visit
the Fab Lab and why?

The first time | walked into Fab Lab
Manchester was in 2012. My mum and
| popped in as we were walking along
the canal (which went past where the
Manchester Fab Lab was located), I'd heard
of them before through events listed for
the Manchester Science Festival.

What equipment did you use?
What did you make?

| predominantly used the laser cutter, over
the course of about three years there were
probably very few Saturdays where | didn't
have an hour booked on the laser. Some
weekends I'd be working on small projects
which would be to explore the tool and the
materials, other projects were more long-
term. The longest running project | worked
on at the lab was a wedding present which
was a version of Guess Who? but using
photos of the guests. We used the CNC to
build a Raspberry Pi powered photobooth
to capture a photo of all of the guests.
We also used the photobooth at the
Manchester Science Festival as part of
the MegaPixel outreach project.

73

How have you contributed to
the Fab community?

I've run several workshops at Fab Lab,
some | ran on behalf of Fab Lab such as my
six session wearable electronics course
and others with organisations such as the
Manchester Girl Geeks which were hosted
by Fab Lab.

FAB LAB GUIDE \

How has going to the Fab Lab
impacted on your life?

It introduced me to a great community of
people who have taught me so much about
electronics and making, and encouraged
me to be more engaged with the Maker
community.

CONTENTS
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First, through offering services for firms
that want to know more about digital
fabrication and how to rethink the design
process(discussed in revenue and support).

Second, through connecting to the
broader industry around digital fabrication
technologies. 3D printing, properly known
as additive manufacturing, is a rapidly
expanding industry. Many of the patents
held on 3D printing technologies by large
firms have started to lapse, resulting in
an increase in innovation opportunities.
Many new firms have entered the market,
producing a range of printers from large
industrial printers - worth in excess of
S1million to desktop printers retailing at
under $1,000.

sl
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Fab Labs connect to this story in several
ways. Fab Labs are potential customers
for 3D printers and there are many options
open to you if you are looking to add to your
equipment beyond the standard kit. It is
worth getting to know local representatives
of the 3D printing equipment companies
to see if there are ways you can help each
other(and potentially get a printer on loan).
Fab Labs can also be a good source of
expertise. There is a shortage of people
with the right skills and know how around
3D printing(see also the page on education).

77 FAB LAB GUIDE

CREATIVE LAB

IN FRANCE PARTNER
WITH
AND FAB LAB BRISTOL
ARE IN COLLABORATION
WITH MANUFACTURER

CONTENTS

Creative Lab, Guyancourt, France, in

collaboration with Renault.

Fab Lab Bristol, in collaboration
with Saint-Gobain.


www.fablabs.io/labs/creativelab

IN'2012; PIERS RIDYARD
NEEDED A STORAGE
SOLUTION FOR HIS.MACBOOK.
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His 128GB MacBook Air was full after just
two months and none of the existing
solutions allowed him to add the storage
he wanted without being a pain to carry
around or voiding his warranty.

He used the Manchester Fab Lab to
prototype his design - a storage device
that uses the SD slot and is flush with the
laptop - it doesn't protrude. After securing
financing to make the first proper version
of the MiniDrive, Piers took the idea to
Kickstarter, raising enough funding to put
itinto production.

Piers’ team went on to produce the
NiftyDrive in the Far East and sell through
global retailers like Apple and Amazon.
Today Niftyisalargeinternational company
and remains one of the most successful
and enduring Fab Lab success stories.

79
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The Nifty range,
courtesy of Kickstarter.
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Much of the rhetoric around the future of
additive manufacturing claims that:

We will all have 3D printers in our homes.

3D printing will replace traditional
technologies (very unlikely, it will
complement existing technologies).

Production will be relocalised nearer the
consumer (still being debated).

Fab Labs could become places where
consumers can come to manufacture
every day items. Or Fab Labs could turn
into these centres and be replaced by
them. Technological change is affecting
where, when and how we work, play and
create. In all cases, Fab Lab continue to
be exciting places of innovation and digital
fabrication.

81
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FAB LABS HAVE ACCESS

TO A WEALTH OF KNOWLEDGE
AND INFORMATION, BOTH
INSIDE AND OUTSIDE THE LAB.

Many users come to the Fab Labs not
only to use the equipment but to meet
with likeminded people and exchange
ideas. It is this coming together of people
that make Fab Labs exciting and vibrant
places.

Users are also able to access many online
resources to help them learn and master
digital fabrication technologies and
develop their own projects. Resources
include Thingiverse. This is an online
platform where digital designs are shared.

Your Fab Lab will be part of the larger
global network. It will also be part of a
regional network.

BARRIERS
T0 KNOWLEDGE
SHARING:

LANGUAGE

Much communication is in English,
although online communities are
collaborating to provide resources in
other languages, such as Mandarin.

TIME ZONES

Your regional networks may be easier
to work with as you will be on more
similar time zones.

DISTANCE

Much online technology overcomes
the issue of distance between Fab
Labs. In person, face-to-face contact
can be harder. The Fab Conferences
are a good way for people to meet.
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UNLINE FLINE

Knowledge that can be shared Knowledge that can be
over distances (codified) shared face to face (tacit)
Learning by watchingi.e. YouTube Learning by doing

videos of how to use equipment
Sharing skills, showing each
Accessing resources like other techniques
Thingiverse and Fab Labs.io
Inter-generational learning

Sharing of designs and sharing
Use of forums to discuss Use of equipment and
ideas and problems its maintenance

Discussion of ideas
and problems

Global Processes

Online Communities
Individual Fab Labs
Local Local Local form connections
Fab Lab Fab Lab Fab Lab VERHORE( and
international Fab Labs




EDUCATION



T EDUCATION

90

ONE OF THE CENTRAL
AIMS OF FAB LABS

IS TO EDUCATE.

® Useful links

Gershenfeld describes Fab Labs as an
educational outreach programme. As such,
there is much enthusiasm and support
for Fab Labs as education centres. This is
just one way in which Fab Labs can have
a profound impact on the communities of
which they are part.

There are many courses that Fab Labs can
offer users. These include courses and
workshops on the equipment and on using
design software. Courses can be pitched at
the beginner, with more advanced courses
for experienced users.

Many Fab Labs also try to connect with the
local community by running programmes
and courses in schools, for both younger
and older children. Fab Academy is part of
The Academy of (almost) Anything.

“Traditional education is like mainframe
computing... we are the Internet. A
global distributed campus for high level
education, learn top skills from global
leaders, master them locally in hundreds of
locations all over the world.” Gershenfeld,
2005.

The Fab Foundation also leads the
SCOPES-DF (Scaling a Community of
Practice for Education in STEM using
Digital Fabrication). This provides online
lessons for formal educators interested in
using digital fabrication in the classroom.
This space also allows for teachers to
upload their own lessons, remix other
teacher lessons and build a community of
practice around digital fabrication in the
classroom. See also the work of FABLearn.
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https://tltl.stanford.edu/project/fablearn-labs
https://www.scopesdf.org/
http://academany.org

T EDUCATION
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Fab Academy instruction is based on MIT’s
popular rapid-prototyping course How To Make
(almost) Anything. Both are taught by Prof. Neil
Gershenfeld. The cost of the course varies locally.

Check out:

i

it lasts five months,
conducted part time.

i

Only Fab Labs that are
‘nodes’ can teach the |
Fab Academy - a list - : ARE THERE ANY
is available at: 'l LOCAL AGENCIES /
= - o / ORGANISATIONS THAT
b : YOUR FAB LAB CAN
along with instructions LINK WITH T0 PROVIDE
on how to apply to be | | SERVICES TO USERS?
a node. __ : — - ‘
These could relate to issues such as
] how to commercialize a product, how to
5 b — 2t I = export goods, general business advice,
FOI’ the IlSt Of i & - ‘. P organisations to provide services, etc.
Fab Academy '

participants see:



http://fab.academany.org/2018/people.html
http://http://fabacademy.org/2017-nodes-supernodes
http://fabacademy.org/application-form/prices
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FAB ACADEMY

COURSE CONTEXT

one week

one week

one week

two week

DIGITAL FABRICATION
PRINCIPLES AND
PRACTICES

COMPUTER-
CONTROLLED
MACHINING

3D SCANNING
AND PRINTING

MACHINE
DESIGN

one week

one week

two week

one week
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COMPUTER-
AIDED DESIGN,
MANUFACTURING
AND MODELLING

EMBEDDED
PROGRAMMING

SENSORS,
ACTUATORS
AND DISPLAYS

DIGITAL FABRICATION
APPLICATIONS
AND IMPLICATIONS
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one week

one week

one week

one week

COMPUTER-
CONTROLLED
CUTTING

3D MOLDING
AND CASTING

INTERFACE
AND APPLICATION
PROGRAMMING

INVENTION,
INTELLECTUAL
PROPERTY AND
BUSINESS MODELS

two week

one week

one week

two week

FAB LAB GUIDE \

ELECTRONICS
DESIGN AND
PRODUCTION

COLLABORATIVE
TECHNICAL
DEVELOPMENT
AND PROJECT
MANAGEMENT

EMBEDDED
NETWORKING AND
COMMUNICATIONS

DIGITAL
FABRICATION
PROJECT
DEVELOPMENT

CONTENTS
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TIME

CONTENTS

FAB EDUCATIONAL |
JOURNEY barly Years Higher Lifelong

Education 18+

Accessing children aged Further work in schools Ongoing education for all
under 12 in schools Interdisciplinary learning
Maintaining and updating skills
Learning to code Encouraging play, learning
through failure etc. Learning from others

Intro to digital
technologies Encouraging young people to be Advancing technologies
part of Fab Lab communities

Fab Labs working with education
establishments

Introducing digital fabrication
to traditional courses

Development of more radical
courses

This is one trajectory through Fab and Training the next generation
education. But there is much work

focusing on both K-12 education (first
schooling through to pre-college) and

lifelong learning related to learning

progression. Human skills are important -
collaboration, teamwork, critical thinking,
communications, empathy etc. - and

learning skills (learning to learn) that will

be needed to participate in 21st Century
work. These will be required to face the
disruptionsand challenges that technology

is bringing to the future of work.
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DATA ON FAB ACADEMY
GRADUATIONS:

STUDENTS

How to Make Almost
Anything (MIT class)

Fab Academy

Fab Academy

Fab Academy

Fab Academy

Fab Academy

Fab Academy

Fab Academy

Fab Academy

Fab Academy

REGISTRATIONS
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INFORMATION ON Fé\gNlé[‘;:l‘&;)sEﬂY
OURSE - osTS:
E\ND AIMS. WHAT T BRINGS TO

FAB ACADEMY WEBSITE mow o >

e s R

NUMBER NUMBER
OF STUDENTS OF SITES GRADUATES

CONTENTS


http://fabacademy.org
https://fabacademy.org/resources/report2019.html
http://bio.academany.org
http://textile-academy.org

SOCIAL
IMPACT
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FAB LABS ARE MORE
THAN THE SUM
OF THEIR PARTS.

They have real potential to shape the lives
of individuals and to create a shift in how
we produce and consume our everyday
items. Fab Labs can have real impact on
communities. The following pages outline
just a selection of the impacts that a Fab
Lab can have.
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TYPE OF IMPACT:
ECONGMIC.

Specific impacts:

1056

Niftydrive - additional
storage for Machooks -
invented in Fab Lab
Manchester. Now ships
globally, Nifty is a
multinational firm.

Local businesses may use
the lab for help designing

Access to equipment,
and support for the creative
process helps budding
entrepreneurs. Technology
enables multiple iterations of
design before approaching
potential funders.

EXAMPLES

OF

ECONOMIC
IMPACT

Similarly, multinational
companies may seek
resources from Fab Labs - for

\

FAB LAB GUIDE

CONTENTS

Offering access
to machines and
conversations about
digital technologies
can help reskill, or
upskill those seeking
employment.

Policy makers are

increasingly engaging with

new products. They may
also use the Fab Lab as a
source of new staff.

Fab Labs - example, Fab
example, IKEA @ Fab Lab Lab Valldaura and World
Barcelona, Sony @ Fab Lab Bank and the National
Shibuya (Tokyo). This includes Governors Association in

education and staff. the USA.



Specific impacts:
Community

Social capital formation
Inter-generational learning
Sharing

Wellbeing

106
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Fab Labs create communities.
Users engage with each other

and can form firm friendships.

Users can support each other

with experimentation and idea

development, and in practical
use of the equipment.

N\

Fab Labs also impact on the
communities in which they are
based. They provide a space
for people to come together
and the items made in Fab
Labs are sold elsewhere or
gifted to friends and family.

N\

FAB LAB GUIDE

Fab Labs are spaces of
learning with and from each
other. Intergenerational
learning is a particular
characteristic. Families can
come to Fab Labs together.

\

N\

Users increase their
sacial, and often
professional networks
through using the Fab Lab.

\

Fab Labs can be spaces
of sharing.

N\

Fab Lab can be much
more than tech spaces,
they can feel like places of
wellbeing too.

CONTENTS
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TYPE OF IMPACT:
ENVIRONMENTAL.

Specific impacts:

109

Fab Lab operators should
also think about how
environmentally friendly their
building is, and make every
effort to minimise the im

Think carefully about
location choice to
minimise the carbon
footprint of users
travelling to the Fab Lab.

IMPACT

Retro-engineering of complex
and expensive designs so they
are available as open source
designs is a great way of
helping those in less advanced
parts of the world.

minimise material usage.

ONMENTAL

FAB LAB GUIDE r

Food security is a huge
global iss

By producing items in Fab
Labs rather than purchasing
and shipping internationally,

users are reducing their carbon
footprint and creating a culture
in which people think to make
what they need rather than
purchasing. The same applies to
fixing or repurposing items rather
than disposing of them and
purchasing new.

CONTENTS
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INDIVIDUAL FAB LABS
CAN BECOME CONNECTED
TO EACH OTHER THROUGH
DIFFERENT PATHWAYS.

A global mindset gives opportunities
to share designs, experiences and to
participate in bigger projects. The Fab
network and Fab Conferences are ways of
doing this. There are also other initiatives,
such as Fab City in which Fab Labs can
participate in designing sustainable
practices in design, manufacture and
living.

® Useful links

sl

The global nature of the Fab community
makes it easier for stories and ideas to
spread globally, through the Fab network,
the Maker community and social media.


https://www.fablabs.io/

10 GLOBAL CONNECTIONS AND FAB CITY
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GLOBAL EXAMPLE:
OBAMA'S GRANDMA SLIPPERS.

Watch
® the video

sl

The story of Obama’s Grandma Slippers is
now legendary. Itillustrates how knowledge
is shared across national boundaries and
how the sharing of designs can enable
others to create their own variations. Jens
Dyvik of Fellesverktedet Fab Lab, Norway
toured the world's Fab Labs.

This included Fab Lab Kamakura in Japan
where he learned how to make a particular
type of slipper. Later, while in ARO Fab
Lab in Kenya, he requested the digital
files from Kamakura to which an engraved
image of Obama was added. The slippers
were presented to Obama's grandmother
near the Fab Lab in Kenya. Subsequently,
at a White House Maker Faire, members
of the Oslo Fab Lab presented Obama
with slippers engraved with an image of
his grandmother when she received her
slippers.

15
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GLOBAL EXAMPLE:
SUSTAINABLE AGRICULTURE.

TheVigyanAshramFabLabislocatedinrural
India. The lab provides solutions for local
farmers in agriculture, creating aquaponic
farm solutions for better and more crops.
Aquaponics is a system of aquaculture in
which the waste produced by farmed fish
or other aquatic creatures supplies the
nutrients for plants grown hydroponically,
which in turn purify the water. Technology is
also being developed for soil testing, drying
foods and incubating eggs.

Thelab has many international connections
and participates inFab Academy. This year
Vigyan Ashram Fab Lab joined Fabricademy.

CONTENTS



https://www.youtube.com/watch?v=zgcxH8Qliac&feature=youtu.be
https://textile-academy.org
http://vigyanashram.com
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GLOBAL EXAMPLE:

FAB CITY.

The Fab City manifesto covers ten points
that advocate an ecological, inclusive,
and participatory approach that places

people at the centre. It is aiming for locally

productive growth alongside increased
economic growth and employment. It also
values the open source philosophy and

experimental innovation.

Watch
® the video

® Useful links

Fab City has been initiated by the Institute
for Advanced Architecture of Catalonia,
MIT Center for Bits and Atoms and the Fab
Foundation. Its operation is adjacent to
the 2,500+ strong Fab Lab network, using
it as a global infrastructure and knowledge
source to challenge cities to produce
everything they consume by 2054. Cities
are encouraged tojoin the growing network
of Fab City locations, once a year at the Fab
City Summit.

The Fab City initiative is a collective of
citizens, researchers, policy makers,
teachers, developers and entrepreneurs
working on bringing back production to
cities.
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A LINEAR TRASH MACHINE

= S PRODUCTS / MATERIALS

T fm =

&
7
ek

Tkm 10 km 1000 km 10.000 km
HOME  NEIGHBOURHOOD CITY REGION PLANET
12
-
2=
—_
ET s
=
& 2
bl O
25
=3 A
22
- r—
Sz SSP1
«@ SSP2
0 SSP3
1900 1950 2000 2050 2100

In 2016 the Made Again Challenge, a
project initiated by SPACE1I0 - IKEAs
‘external future-living lab’ - and the Fab
City Research Laboratory created the first
and largest Fab City prototype. It was a
one square kilometre testbed in Poblenou,
Barcelona. Over the course of five days,
local workshops, research centres, design
agencies and local producers in the

neighbourhood were connected into an
ecosystem. Biologists, tech professionals,
local Makers, craftsmen, IKEA designers,
and other trailblazers gathered in
Barcelona for the project and collected
wasted products from the streets of
Poblenou in order to repurpose materials
that were heading to landfill.

CONTENTS


www.youtube.com/watch?v=roOaf8bXoRE
&feature=youtu.be
https://blog.fab.city/made-again-documentarythe-silicon-valley-of-sustainability-in-barcelonad23ac4ab422c
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GREEN LAB,
LONDON, UK.

The Green Lab based in Bermondsey,
London was established in 2014 operating
in a 350sg.m that used to be an industrial
school kitchen and canteen. The lab
has been self funded. The Green Lab
describes it's working group as ‘agricultural
mavericks. It is an open innovation
lab and ecosystem for individuals and
organisations to design sustainable
solutions to complex urban food, water and
waste challenges. It aims to nurture ideas
that make our food systems more
productive and resilient. Like Fablabs,

18

the Green Lab encourages creativity,
collaboration, play and experimentation.
The lab houses food entrepreneurs and
thinkers who want to build human-scale
systems, focusing on insects, hydroponics,
algae and fungi. The Green Lab works with
entrepreneurs, businesses and community
groups. They focus on sustainable circular
solutions, connecting food production and
waste; reducing food mileage and carbon
footprints through urban production; and a
concentration on bold, radical and
progressive thinking.
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The labis listed on the fablabs.io network:

The Green Lab website can be found here:

The Green Lab is connected through the
FablLab Network to Valldaura and Green
Lab Boliviaand as seeking to form mutually
beneficial project collaborations with the
wider green labs in the network.

FAB LAB GUIDE

CONTENTS



https://www.greenlab.org/
https://www.fablabs.io/labs/greenlab
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