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Introduction
Over the past fifteen years, digital design and
manufacture has exploded from a new fad
for hardware enthusiasts to a global movement of ‘making’. The maker movement today is represented in dozens of countries
across the entire world – in developed and
developing countries, in urban and rural settings; as public, private, non-profit and academic models; in makerspaces large and
small, corporate and community. Thousands
of makerspaces now exist across the world,
with increasing numbers in developing countries.

These new technologies and methods,
combined with existing manufacturing
infrastructure, can play a unique role in
combating poverty, reinvigorating localized production, and enabling economic
growth.
In 2016, an international group of organisations working on the cutting-edge of technology for development (Tech4Dev), entrepreneurship, and community empowerment
came together to found the MakerNet Consortium. Their aim was to develop and test
concepts for strategic infrastructure, systems
and tools that consolidate and streamline the
efforts, expertise and resources of individual
makerspaces and makers, and connect makers to existing manufacturing infrastructure
and market opportunities in their communities.
A proof-of-concept pilot project in Kenya
was conceived to explore business models
and digital tools for connecting Nairobi
makers and manufacturing capacity (supply)
to potential hardware customers in the aid
industry (demand). The project was supported by the German Federal Ministry for Economic Cooperation and Development
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(BMZ)-financed GIZ Digital World Program,
the Cisco Foundation, and IBM.
This paper is one of the outputs of that pilot
project and covers the following topics:
• Description, analysis, and lessons learned
from the MakerNet pilot in Kenya
• Insights and analysis on networked local
manufacturing, drawing on the prior and
on-going work of the MakerNet Consortium on related topics in other countries,
such as Ghana, Haiti, Jordan, Myanmar,
Nepal, UK, et al.
• Next steps and recommendations for further work
• Research and Mapping
• Digital tools and infrastructure development
• Pilot use cases in further countries and
sectors
MakerNet is conceived as a system of makers, manufacturers, tools, business models,
supply chains, and markets. Its purpose is to
enable local production of supplies that meet
humanitarian and sustainable human development demands and aspirations. We call
this production approach Networked Local
Manufacturing.
Networked Local Manufacturing has the potential to improve the availability of useful
products & technologies and therefore improve quality of life, at the same time as creating business opportunities and jobs. It is a
route to sustainable industrialisation and
delivering on the Sustainable Development
Goals.
The pilot project undertaken in Nairobi,
Kenya focussed on simple medical devices
and showed:
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• There are supply problems for basic devices – even in Nairobi, so the situation in
less well-connected places will be far
worse
• It was possible to make new products and
spare parts, and to repair broken devices,
using technology, skills, and materials already available in Nairobi.
• Local manufacturing of some products
can be cost competitive – even in Nairobi,
so the benefits will be greater of doing this
further from the centre; and even with
current technologies, which are developing fast and coming down in cost.
There is huge interest from aid agencies in
local procurement, as it helps them to reduce
supply chain issues and deliver on goals ranging from providing local employment to increasing choice for beneficiaries. There are
several concerns and practical challenges to
be overcome for this interest to translate into
a significant shift in actual buying patterns.
Plenty of ‘latent’ supply capacity could be
built on to help deliver a robust local supply
ecosystem. Significant capacity building will
be necessary. There are already organisations
that can do this, including many local ones.
Since the potential for demand and supply
are there, we have an opportunity to invest in
business infrastructure to connect them,
thereby creating jobs and improving product

availability. There is a strong case for public
or aid funding to invest in such infrastructure
that can help reduce reliance on aid in the
longer term.
• Discovering, developing, and sharing
business models that work in different
contexts will be essential to catalyse the
development of appropriate supply capability
• Open digital tools can lower costs for
small manufacturing enterprises, thus
making new business models economically viable, as well as connecting them to
markets.
• We need to define data standards and
governance systems for the open infrastructure so that the many partial solutions and pockets of knowledge already in
existence can effectively be brought together into an ecosystem that supports
networked local manufacturing.
This project has enabled us to scratch the
surface on the opportunities and challenges
of networked local manufacturing. Far more
work remains ahead, and we are committed
to taking these concepts forwards. As a result
of this pilot project, a new charitable organisation will be set up to catalyse markets to
enable networked local manufacturing,
through business models, digital tools, and
standards and governance systems.

AB3D co-founder Karl-Heinz
Tondo with MakerNet’s
Michael Gathogo and Anna
Lowe in Nairobi, Kenya
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1. The Case for Networked Local Manufacturing
1.1 Rationale
Why Networked Local Manufacturing?
Enabling humans to live a decent life anywhere on the planet is no longer a technical challenge. We know how to create
electricity from sunlight, to make fresh
drinking water from dirty or salt water, to
lift water to irrigate crops, to provide
healthcare to make births safe for mother
and baby.
Yet there are millions of places around the
world - mostly in developing countries –
where you will find few or none of these technologies. The reasons for this are complex, but
they include the inter-twined issues of affordability and supply chains (intertwined because
better supply chains deliver things at a lower
cost).
When disasters strike, and people are displaced or infrastructure destroyed and supply
chains disrupted, the issues of providing life-

saving, life-sustaining, and life-enhancing
technologies become still more difficult.

Networked local manufacturing offers a
way to help address these challenges and
increase the availability of useful technologies and products where they are
most needed, while at the same time
providing jobs in communities that receive aid.
Naturally, it would not be economical or reasonable for all global mass production to shift
to local, small-scale facilities. Nevertheless,
there are significant benefits to be gained
(from economic, human development, social,
and sustainability perspectives) from enabling
more local manufacturing than is currently
available.

A Sustainable Development Multiplier
Networked local manufacturing has the power to contribute significant direct and indirect impact
to a number of the UN Sustainable Development Goals (SDGs):
Direct Impact

8. Creates jobs and empowers entrepreneurs 9. Fosters Industry 4.0, tech innovation, and digital production infrastructure
11. Increases self-sufficiency and resilience of communities 12. Enables local sourcing of materials for production, shortens
supply chains, increases access to spare parts, repairs, and recycling for consumer goods 17. MakerNet is an innovative
new partnership and implementation model for sustainable development – and this is only beginning.

www.makernet.global
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Indirect Impact

1. Job creation reduces poverty 3. Increased access to quality, context-appropriate medical supplies improves healthcare
services 5. Women entrepreneurs have more access to open tools and systems to reach customers and build their business
10. Increased manufacturing capacity reduces import dependency and structural inequalities in global trade 13. Shorter
supply chains, locally sourced materials, and sustainable consumption reduce carbon footprints

1.2 Vision
Our vision is of millions of sustainable small-scale manufacturing enterprises all over the world,
where not just knowledge but know-how is shared globally and openly, and physical things are
made close to where they are used. Entrepreneurs and makers are producing items needed in their
communities from locally sourced materials, and creating sustainable businesses by doing this. But
this is not a return to craft production.

This is the fourth industrial revolution and the circular economy,
driven by digitally networked local manufacturing.
The manufacturing infrastructure that already exists in so many parts of the world – the informal
sector welding shops, the backyard carpenters, as well as the midsize factories and the craftspeople
who can fix any mechanical problem – is fully integrated into this global supply ecosystem, and is
more competitive as a result. It is supplemented by new additive manufacturing techniques,
smaller-scale and greener methods of electronics production, new types of knowledge and skills.
Analogue and digital manufacturing technologies combine to enable new methods of sharing
knowledge, earning money, and checking quality.

3D printer made of recycled e-waste by Woelab
Welders building a boat in Myanmar’s Dry Zone. Photo:
Jessica Berlin
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in Lomé, Togo. Photo: Woelab

Understanding how technologies work and how things are made is no longer the preserve of a
highly educated few. No matter where in the world a child is born, he or she will have access to
useful technologies – for health, education, agriculture, and everyday life. Firstly, to be able to
use them in their own life. Secondly, to be able to learn how they work and how they are made.
The ability to gain this knowledge by doing and experimenting is within reach of everyone.
Therefore, so is the ability to innovate on the current state of the art. Anyone can be an
inventor, to solve challenges they see around them and to create businesses and jobs based on
doing that.

We believe this path leads towards solving the greatest challenge
of our time – how to provide a decent standard of living
for everyone on the globe whilst adapting to climate change and
starting to live within the means of the planet Earth.
With open access to know-how, the right business models, and the digital infrastructure to
enable coordination, contracting, and transactions at close to zero marginal cost, we believe
this world is possible. This report details how steps towards it can be made.

1.3 Opportunity & Objectives
Cheaper, Better, Faster
In addition to improving people’s quality of life and ability to maintain sustainable livelihoods,
networked local manufacturing also poses an opportunity to help get critical goods to
communities and customers cheaper, better, and faster than via traditional supply chains:

Cheaper
•

•

•

No shipping or customs: Local production shortens supply chains;
shorter domestic supply chains reduce transport costs and eliminate international shipping and import duties. Even with a higher manufacturing cost per item, overall ‘landed cost’ can be lower.
Less warehousing: Because local producers supply goods on demand
as they’re needed, agencies buying locally would need to spend far less
on warehousing.
Less overhead: Each shortening of the supply chain can reduce costly
overheads.

Better
•

Context appropriate: Local design and production means things are
made to suit local demand and context. Poor countries are often stuck
with products designed for rich countries – Asian and European consumer goods aren’t made with African roads, power supply, and building standards in mind.

www.makernet.global
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•

•

•

Locally repairable: Imported goods are often difficult and expensive,
if not impossible, to repair locally. Locally produced goods can be
built to allow locally repair and servicing with locally made replacement parts.
Economic impact: Sourcing products locally keeps more money in
the local economy and can support the growth of the manufacturing
sector, creating new businesses and jobs.
Environmental sustainability: since we are primarily moving data
rather than physical items, there is lower environmental impact. In
addition, there is far more possibility to use local materials, and to reuse materials (since the products will be used close to where they are
made and so can more easily be recovered).

Faster
•

•

Shorter lead times: Buying locally can drastically shorten procurement lead times, as transport is greatly reduced, and customs are
eliminated.
Higher stock availability: it is easier to manage stock of a few raw
materials (wood, filament for 3D printing) than of a whole range of
finished goods, so can be in stock more of the time

This opportunity is significant for products needed in the aid industry, which was the focus
of MakerNet’s pilot. Kenya’s capital Nairobi is the main administrative and logistical hub for
development and humanitarian aid in East Africa. From emergency relief in Somalia and
South Sudan, to long-term refugee settlements in Dadaab and Kakuma, to development
programs across the region, hundreds of millions of dollars flow through Kenya to supply
programs across East Africa and the Horn each year.
In one striking example from 2011, UNHCR coordinated an airlift of relief
supplies to support 50,000 internally displaced persons (IDPs) in South Sudan.
18 flights transported a total of 284 metric tons of supplies “including plastic
sheets and rolls, sleeping mats, blankets, mosquito nets, buckets, jerry cans
and kitchen sets” from warehouses in Nairobi to Malakal, South Sudan
(UNHCR 2011). The cost of the airlift was approximately $1.5 million, compared
to the US$2.5 million value of the supplies being delivered. In the same relief
operation, transporting 10,000 tents worth an estimated US$6.25 million from
UNHCR warehouses in Dubai to South Sudan cost over US$8 million.

$1.5 million spent to
transport
$2.5 million worth of
supplies from Nairobi to
South Sudan
= 60% mark up
$8 million spent to
transport
$6.25 million worth of
supplies from Dubai to
South Sudan
= 128% mark up

Goods are loaded onto
one of 18 supply flights
from Nairobi bound for
South Sudan in 2011.
Photo: UNHCR
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With this market demand and such huge figures in mind, we see an opportunity for networked
local manufacturing to grow new production capacities and jobs in Kenya, and create benefits
for all stakeholders involved:
•

•

•

•

Aid beneficiaries
o Access life-enhancing goods tailored to meet their needs
o Able to locally repair supplies and products
Aid agencies
o Save time and money by procuring hardware on-demand locally
cheaper, better, faster
o Support economic growth by spending money in the local economy
Maker-Entrepreneurs and manufacturing SMEs
o Get access to aid industry customers previously out of reach
o Expand their product portfolios and develop their competitiveness
The Kenyan economy
o Gains new jobs and small businesses
o Increases skill levels of workers and entrepreneurs

Furthermore, unleashing the potential of networked local manufacturing to transform
hardware in development aid would in turn create new opportunities in other sectors. The new
product design, manufacture, and supply capacity that emerges to meet aid industry demands
can be expanded and applied to domestic hardware demand in other sectors as well, e.g.
healthcare products, agricultural supplies, school supplies, and household consumer goods.

Supply chains for humanitarian aid supplies are long, expensive, and inefficient

www.makernet.global
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Objectives of the MakerNet Consortium
This pilot project was the first step in a long-term mission intended to:
§

§

§

Design globally, make locally: Make it possible for anyone, anywhere to
share and collaborate on open source product designs that benefit humanity; and for manufacturers close to the point of need to then adapt those designs for local reality and turn them into physical products.
Connect makers to markets: Create business models that enable makers,
manufacturers, and makerspaces to become suppliers to their communities
and regions
Grow Industry 4.0: Develop and support the evolution of sustainable models of production and consumption

2. The MakerNet Pilot: Networked Local Manufacturing for Medical Supplies in Nairobi
This section summarises key activities from MakerNet pilot project, which took
place in Kenya from October 2016 – February 2017. Kenya was selected for the pilot
for two key reasons:

Demand
•

•

Supply

Kenya still faces the challenges of

Nairobi

has

a

vibrant,

well-

raising living standards for people

developed tech entrepreneurship

who live in poverty

and maker community.

Kenya provides sanctuary to refugees from neighbouring countries

•

•

•

Nairobi has existing commercial
manufacturing infrastructure

Nairobi acts as a regional base to
numerous international aid agencies

The project engaged a talented innovator & maker in Nairobi, Michael Gathogo, who
co-ordinated the in-country activities. The activities in the pilot project were focused
on two main streams:
•
•

Business Models (for networked local manufacturing)
Digital Tools (to support business models for networked local manufacturing).
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2.1 Business Models
In order to explore feasibility and potential business
models for networked local manufacturing, the pilot project undertook the following activities:

Research into Demand
We conducted meetings, interviews, and workshops with
27 individuals from nine different organizations involved
1
in the delivery aid in Kenya and surrounding countries .
The people we met with from the larger organisations
were those focused on supply, logistics, or innovation. In
the smaller organisations, they included people with more
general roles.
MakerNet developed a partnership with Malteser International, and through them was introduced to a number of
the hospitals and clinics they support in disadvantaged
areas around Nairobi. We visited several of these and selected three to work with –
Buruburu Health Centre, Maria Maternity Clinic & Nursing Home (Kayole), and St
Patrick’s Healthcare Centre (Embakasi).

Buruburu Health Centre, Nairobi. Photo:
MakerNet

Michael Gathogo worked with management and clinical staff at the three health facilities to identify products they needed, which could feasibly be made locally in the
context of the MakerNet pilot. Although the pilot had originally planned to focus on
making new whole products, we quickly came to realise that there is huge need and
demand for spare parts and repairs to equipment they already have, so we included
some of these.

Anna Lowe and
Jessica Berlin are
shown medical
equipment prototypes at the
University of Nairobi
Fab Lab. Photo:
MakerNet

1

These organizations were: AIC (Africa Inland Church), ARC (American Refugee Committee), Concern Worldwide, IFRC (International Federation of the Red Cross), Johanniter, KRC (Kenya Red
Cross), Malteser International, UNHCR, UNICEF.
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Supply Trials
The project was based at Gearbox Lite in Nairobi and had full use of the equipment
there, including computers with 3D design software, 3D printers, a laser cutter, and a
vacuum former. We subcontracted some manufacturing and repair work to local
makers and small businesses who either had their own equipment or their own arrangements for access to equipment. Some products were made using existing Field
Ready designs, others were developed for the purposes of this project by Michael
Gathogo (using designs available on the internet as a starting point).

Michael Gathogo and Kamau Gachigi design prototypes with Gearbox staff. Photos: MakerNet

Table 1: List of products made or repaired by MakerNet + manufacturing technology used:

Entire
Product

Spare
Part

Repair

3D
Wood
Printed Lathe

Fetoscope – Digital

ü

ü

Fetoscope – Plastic

ü

ü

Fetoscope – Wooden

ü

Kidney Tray

ü

Otoscope

ü

ü

Pill Cutter

ü

ü

Umbilical Clamp

ü

ü

Electrical / Mechanical
Electronics Assembly
ü

ü

ü

ü

ü
ü

Centrifuge Tube Holder

ü

ü

Suction Unit

ü

ü*
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Formed
Plastic

ü

Autoclave

ü

ü

ü

Fetal Doppler

ü

ü

ü

Oxygen Flow Meter

ü

Ultrasonic Fetal Monitor

ü

Weighing Scale

ü

ü
ü

ü

* Made with a resin 3D printer at the Technical University of Kenya

Products made were then tested with the clinical staff of the
healthcare facilities and some were modified in response to feedback. Staff were asked to assess the new products against other
alternatives where appropriate, but not to use the products for
actual treatment or rely on them for diagnosis. None of the products were examined or certified by Kenya Bureau of Standards,
although an initial meeting with them was held to understand the
process for evaluation of locally manufactured medical devices.
The next step, beyond the scope of the pilot project, would be to
meet with the Ministry of Health.
Designs and methods for the products made/repaired are documented on www.makepedia.org.

Cost-Benefit Analysis
We calculated the direct costs of each of the products made or repaired and com2
pared these (where possible) to the local purchase price of imported equivalents .
For some products, we were able to estimate a cost that could be achieved by manufacturing at only slightly larger volumes, so we have included this information where
available. We also collected a variety of information about the need and use of the
different items to build up a picture of the benefits to the clinic of having a given
item available to use, and the costs or other consequences of not having an item. The
results of this work are discussed in the Findings section.

2

Several of the products made were excluded from the cost analysis, either because testing
showed the product needed further development before being suitable for use, so we did not have
an adequate picture of what a functional product would cost to make, or because some of the
data was considered unreliable.

www.makernet.global
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2.2 Digital Tools
The pilot project looked at two specific types of digital tools thought to be needed to
support business models for networked local manufacturing. The potential need for
other types of tool was also explored through the demand research.
1.

Design Sharing Platform

There were three key aspects to the work we undertook regarding Design Sharing
tools:
a) Community Consultation
Communities we consulted with:
•
•
•
•
•

Global Innovation Gathering – Berlin, May 2016
Fab Labs – Fab Foundation annual conference, Shenzhen, August
2016
MozFest – Mozilla Festival for the Open Internet movement, London, November 2016
Kenyan Makers – various informal discussions, Nairobi, October
2016 – February 2017
Humanitarian Makers – online community – consultation February
– March 2017

In addition, there have been a number of informal conversations with
people who run and use makerspaces in Germany, Ghana, Nepal, Togo,
UK, & US, with members of the Gathering for Open Science Hardware
(GOSH) community, and with other individuals who the project team
came into contact with.
From these consultations, we developed a list of required & desirable
criteria for a design sharing platform for our purposes. This list then
formed the basis of the criteria used in the Review of Existing Platforms.
We also asked participants what platforms they currently use, and this
list formed the starting point for our review.
b) Review of Existing Platforms
We started with a list of platforms from our own knowledge and collected from participants of our workshops. We then undertook desk-based
research to identify further platforms and to analyse the relevant ones.
In total we reviewed 33 platforms:
•
•
•

12 file sharing platforms
14 knowledge-sharing tools
7 community platforms

We have identified more than thirty other platforms in the file-sharing category
alone, which we have not yet been able
to fully analyse. The living workbook that
we continue to develop is available to view online, and a commentary on
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the work done up to the time of writing is included as Appendix One:
MakerNet Know-How Sharing Commentary.
The criteria against which each platform or tool was evaluated were
drawn up based on Field Ready’s experience in the first instance, and
were developed, enriched, and prioritised through the community engagement process described above.
c) ‘Makepedia’ Demonstrator Platform
A demonstrator platform was specified (the initial specification for this
is included as Appendix Two), developed (the live platform is available
to view at www.makepedia.org), and used both to document the designs
and repairs from the supply trials and to elicit feedback.

In an early test of the first version of this demonstrator platform, 3D
print design files used in Kenya and uploaded to the platform were then
downloaded and used at Kumasi Hive in Ghana. This process was reviewed to find out what additional information would have made the
manufacturing process in Ghana easier, and this led to us including an
overview page of additional information with each design – to capture
things that maker knows but that do not appear in the print files – including indications of printer settings. Although these still need to be
adjusted somewhat for different printer models, knowing what has
worked on another printer cuts down the time needed for a trial-anderror process.
2.

Capability Mapping
We also explored the requirements of mapping manufacturing capabilities
by collecting data on the facilities we came across in Nairobi and creating a
map on the Makepedia demonstrator platform:
http://movement.makepedia.org/machines.

www.makernet.global
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We also surveyed mapping initiatives which are discussed in a blog post.
It was not within the scope of the pilot project to attempt to map all the
manufacturing capability in a given area. We strongly recommend that this
should be tested in a future project.

3. Findings
This section includes key findings from our explorations during the pilot project.
More detail is included in appendices, which are signposted from the relevant section below.

3.1 Business Models
Demand
The status quo supply chain arrangements have major issues, including:
•

•

Poor availability of essential items, which has financial and
health consequences. One hospital reported recently having to
insert a steel pin into a broken finger for lack of an adequate external splint, which required two operations, carries higher risk
of complications, is more traumatic for the patient, and cost the
patient an extra USD $580. Another hospital said that the lack
of valves to give them fine control over the dosage of medicine
going into a drip causes frequent problems, particularly with
children, and that they have seen cases of uterine rupture during labour from doses of oxytocin being accidentally too high.

There are many
problems with
aid agencies’
current supply
arrangements –
and demand for
new approaches

Lack of spare parts availability – Clinics reported having to
buy new items because of small broken parts on equipment, but the broken
part was not available by itself.
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•

Lead times from requesting an item are both too long on average, and often
unpredictable – causing supply gaps (and occasionally gluts, which can place
pressure on storage).
• Many logistics challenges, which get worse the further
you go from the capital
• Products that are delivered may not be usable due
to something else being missing – an example given to us by a
UN agency was two different diameters of water pipe, with no
couplings to join one size to the other. The pipes lay in the field
for months because they could not be used.
• Centrally-managed catalogue systems are insufficiently flexible and do not allow field staff to respond quickly
to needs on the ground. We heard from a senior supply chain
person at one major agency that their catalogue has become
over-specified, which artificially restricts supply options – and
they are considering moving away from it.

Michael Gathogo fits a replacement part for a broken oxygen
valve. Photo: MakerNet

Every single person we met with from aid agencies and charities
expressed strong interest in the MakerNet concept and could
see benefits in it, including:

•

The ability to fulfill procurement orders with faster turnaround times

•

The ability to make, develop, or procure products that are built to purpose
and more precisely meet local needs

•

Being able to support local business in addition to implementing aid programs could also improve their relationships with the communities they
work in, allowing them to work more effectively

The main concerns raised over the potential for procurement through networked
local manufacturing were:
•

Will production capacity be enough to make products in sufficient quantity?

•

Can products be made locally to the right quality levels – and can that be
proved and traced?

•

The need to adapt internal procurement processes so they can be enabled to
work with more local purchasing

Aid agencies involved in the management of refugee camps have expressed strong
interest in local manufacturing taking place in or near the camps to benefit local
populations as well as camp inhabitants, thus contributing to reducing tension – and
in several cases interest in exploring possibilities to manufacture products from
waste materials.

www.makernet.global
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Jessica Berlin and Michael Gathogo lead a workshop with the Kenyan Red Cross on digital fabrication
solutions for their health and relief work. Photo: MakerNet

Organisations moving towards cash programming (where aid recipients are given
money rather than goods, to allow them choice in what they spend it on) see a need
to develop local supply capability to ensure the right range of goods is available to
purchase locally.
The clinics we worked with were extremely keen to engage with us, and enthusiastic
about being involved in an innovation process instead of just being a recipient of
products which are often designed for different contexts and may or may not be
suitable for their needs.
Further discussion, including a conceptual analysis of factors relevant for small buyers as well as the large ones covered here, can be found in Appendix Three: Demand
for Locally-Manufactured Products.

Supply
We were able to supply needed products in Nairobi using skills, machinery, and raw
materials that were already available locally. In some cases a design file was e-mailed
in from work done elsewhere, in order to speed things up. In other cases design work
too was done locally. Nothing was physically brought into the country by the
MakerNet pilot project.
There are many types of latent manufacturing capacity that can be drawn upon –
this is discussed further in Appendix Four: Potential Supply Capacity. Mapping of
such capacity is an important next step.
Integration of digital manufacturing techniques into existing manufacturing ecosystems offers new possibilities. The pilot project’s use of 3D printing to create a sample
product for communication of a design to a local carpenter, who was then able to
replicate it in wood on a lathe, was a successful example of this.
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Wooden fetoscopes made on
a lathe by a local carpenter
were cheaper, and worked
better, than the imported
plastic ones
Cost Effectiveness
For the majority of the products we evaluated, local manufacture shows the potential
to be cheaper than or comparable with imported products:

Cost of Locally Manufacture or Repair Compared to
Available Imported Equivalent
Cheaper

More expensive

Fetoscope
Umbilical Clamp
Kidney Tray
Otoscope
*Centrifuge Tube Holder
*Oxygen Flow Meter
~Autoclave
~Weighing Scale
0%

100%

200%

300%

400%

500%

600%

700%

800%

It is important to note that
although the product versions
we have compared can functionally be substituted, they may not all be directly

Items marked * are spare parts, items marked ~ were repairs

www.makernet.global
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equivalent in terms of longevity or full range of functionality. For spare parts and
repairs, where the spare part itself is not available in market the cost of a new product has been used instead (since that is what the clinics need to pay to get a working
machine again).
We have included a uniform cost of 5% of manufacturing cost as a potential fee for
independent quality control to be performed. This figure needs to be tested.
Further details on each product and on the assumptions used to calculate the local
manufacturing cost are given in Appendix Five: Cost Calculations. It must be emphasized that all volume assumptions are highly conservative and do not require significant economies of scale. More general questions about the costs and benefits of local
manufacture of these products are discussed in Appendix Six: Cost-Benefit Analysis.
Products were selected primarily on the basis of need and/or availability of designs.
There was no selection on the basis of products that we would expect to be able to
make more cheaply locally.

We consider these findings to be highly encouraging and
in need of further study. It is likely that economic viability in
rural areas will prove to be even higher.
Quality & Liability
One of the most difficult issues with networked local manufacturing will be quality
control. For a solution to be truly scalable, the quality control needs to be decentralised. The authors have not yet been able to find any examples of organizationally
decentralized quality control for manufactured goods, but have identified some examples from other spheres that may point the way. Exploration on this topic is urgently needed and is proposed as one of the most important next steps from this
project.

Regulatory issues with medical devices are of
course complex. The experience of The Maker Movement for Maternal, Newborn, &
Child Health (MMMNCH) project run by
Concern with the University of Nairobi, Kenyatta Hospital, and UNICEF project was that
getting the tests done necessary for regulatory approval of locally manufactured items in
Kenya was slow and expensive. We found it
Replacement medical centrifuge tubes made in the
difficult even to get clarity on what the reguMakerNet pilot.
latory requirements are for local manufacture, or which body is responsible for what,
with both Kenya Bureau of Standards and the Ministry of Health apparently having
some jurisdiction. Again, this topic requires further investigation.
There is a need to investigate liability issues around the sharing of open source design, the distributed manufacturing of products made using that design, and the way

22 www.makernet.global

in which products are actually used in the field. We want to ensure that liability issues do not discourage the sharing of not fully approved designs, because they may
be useful for others to build on in getting to a fully approved product.

3.2 Digital Tools
Product Design Sharing
Although many platforms and other digital tools for sharing designs and know how
exist, none meet all the requirements defined for enabling the networked local manufacturing ecosystem. Maker communities we spoke with expressed little appetite
for “yet another” platform, as there are currently many different online repositories
of useful designs and know-how. We do not believe it is feasible or necessary to try
to centralise all this information onto one platform. Appropedia’s experience is that
aid agencies always want to host their own information.
Given what we have discovered during the pilot project, the recommended route
forwards is to move away from the idea of developing a single platform and trying to
get all relevant information onto it. Instead we propose to:
1.

2.

Work with a variety of different existing platforms (and some currently
under development) for different purposes – there will never be one
platform that is perfect for everything (e.g. some platforms are good for
collaborative co-design, others are good for sharing simple designs to a
wide audience, others are better for documenting how to make complex
products). We will document the challenges and shortfalls for them being able to support the MakerNet concept and bring these to the attention of the platform developers to try to get them addressed.
Concentrate our development efforts on
i.
Standards in documentation and data schemas
ii.
Meta search capabilities
so that collections of information stored across multiple platforms to be
searched together.

Although we wish to promote open design sharing, we also believe that there needs
to be some capacity for closed systems. Some designs may need to be developed privately, even if the result is to be shared openly. We suspect it will be easier to persuade manufacturers to share designs of spare parts if they are able to retain intellectual property rights over the designs (this is yet to be tested). It is also important to
enable ways for designers to get compensated for their time. In the near term, this
may include options to have private systems.
Additional findings from our work on digital tools for design sharing are given in
Appendix One.
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Capability Mapping
§

Providing digitally searchable information on who can make what, where is an
essential part of enabling large organisations to source some part of their needs
from local manufacturers. This is not readily available in Kenya, or in other developing countries that the authors are familiar with.

§

There are many different partial sources of this information and ways to collect
it, which are listed in the Mapping Initiatives Survey and discussed in the related
blog post. For most places in the world, bringing existing data sources together will not be sufficient, and primary data collection will be necessary.
The most comprehensive approach will be to go out on the ground, ask around,
find and visit manufacturers. This would take significant resources to do for any
large areas. A less resource-intensive, and in the short term less comprehensive,
approach will be to develop & run a self-reporting campaign in a given area. The
relative cost-effectiveness of these alternatives needs to be tested. If the economic benefits can be proven, it may be possible to make the case for governments
or donors to strategically invest in a one-off mapping exercise to get their small
manufacturers onto a digital platform.

§

It will never be viable to repeatedly run on-the-ground mapping exercises across
the world. In the long term the only way to make capability mapping sustainable
is to make sure that data owners (i.e. individuals and organisations with
skills/equipment) have a good incentive to keep their own info up to date – because they get business from it.

§

A sustainable and useful capability mapping system should be built on:
o

An existing, open, mapping standard

o

A well-thought out & tested data structure designed for the practicalities of sourcing products in developing countries and allowing sensible
alternatives to be considered.
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§

o

A simple, scalable, and documented methodology for capturing & entering data so that mapping efforts in different places at different times can
plug into it

o

Proof of economic benefits that accrue for each activity necessary to
create and sustain it.

The need for a sustainable business model for the capability mapping effort suggests that it may be best to link this to a transaction system.

Additional Digital Infrastructure Needed
Beyond the design sharing and capability mapping functions examined in this pilot
project, we believe that two additional types of system are needed to form part of the
MakerNet ecosystem:

Business Model Sharing
As viable business models for local manufacture are tested and developed, it will
be important to share these publicly so
they can be tested in different locations,
refined and adapted for local conditions,
and used in as many places as possible.
The Open.co platform is being developed
by Civic for this purpose.

Transaction Engine
Infrastructure that allows aggregation and
disaggregation of supply and demand is
needed, allowing production and consumption across different scales without significant transaction costs. As one interviewee
told us “There’s no way UNICEF would contract with twenty different small providers –
you need to be able to place a single order”.
This functionality will be essential to turn the
latent demand from aid agencies for a better
solution than their current methods into
work for entrepreneurs and small manufacturing enterprises.

This piece of digital infrastructure can also impact quality of products, because major reductions in transaction costs will enable contracts to be structured in such a
way that they minimise the likelihood of poor quality. This topic will be discussed
further in Section 4.1.
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3.3 Summary & Conclusions
The MakerNet pilot has demonstrated that locally made products can be economically competitive with imported equivalents even without taking into account the additional benefits such as job creation, improved supply, better tailoring
of products to the local market, and the ability to lead to innovation.
A number of the trends in aid delivery fit well with the idea of networked local
manufacturing – including moves towards giving recipients greater choice (such as
cash programming) and the recognition that one size does not necessarily fit all
when it comes to products they supply to beneficiaries. In aid agencies, the frustration with current procurement methods is there but we do not expect to see change
happen fast, so it will be necessary to devise structures that can work with current organisation structures and processes – particularly centralised procurement – as well as helping to build the infrastructure for an alternative vision of procurement decisions being taken more locally.
The key to catalysing the market is developing and sharing business models,
such that the right incentives exist for different types of stakeholder to play their
part. It will be essential to facilitate connections between makers, manufacturers, and markets to avoid the Catch-22 situation of no demand because there is no
capacity to supply, and no supply capacity because there is no demand. There are
already organisations that can do this.
Many existing projects, organisations, and tools are relevant to some part of the
MakerNet concept. We need a focused effort to connect existing initiatives with
each other and fill in the gaps between them to enable the promise of networked
local manufacturing to be realised.
MakerNet aims to build these bridges between makers, markets, and the other
stakeholders in this ecosystem. Our ambition is to bring about a future in which
people everywhere can leverage open technologies and systems to realise and share
their ideas, and are more able to make and sell their products, use their skills, create
their own opportunities, – a future in which people are empowered to create rather
than merely consume, and can actively build sustainable livelihoods for themselves
and their communities.
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4. Next Steps
The depth of need on the demand side, and feasibility on the supply side, have
demonstrated that the work done in the pilot should be continued. The partners in
the MakerNet Consortium are committed to continuing to work towards their common vision of networked local manufacturing.

4.1 Follow-On Initiatives Currently Underway
Cisco Foundation Project: Humanitarian Community Engagement
Building on the MakerNet pilot project, Field Ready has secured funding from The
Cisco Foundation for a continuation of the work towards a sustainable digital humanitarian production system. This project will:
Ø
Ø

Ø

Further develop and engage the Humanitarian Makers community
Move forwards on our recommended route with the design sharing ideas
from the pilot project’s development of the ‘Makepedia’ platform, engage
additional communities with open design sharing, and scale up to having 40
designs published & available.
Use low fidelity prototyping to engage stakeholders in humanitarian aid
agencies, helping us to deepen our understanding of their needs around engaging with local manufacturers.

This project is fully funded and will complete by April 2018.
Networked Local Manufacturing Evidence Forum
Several organisations actively engaged in experimentation relevant to networked
local manufacturing (NLM) have come together as the NLM Evidence Forum to
share data and knowledge, working together to build an evidence base for whether,
and how, NLM can help to improve human lives.
A concept note for this forum has been developed by the participants. Current
members as well as MakerNet are Field Ready, TechforTrade, and the MedTech Kijenzi project of Penn State University. It is intended that the membership will gradually be expanded.
Already as a result of the forum two different initiatives working on developing 3D
printers suited to use in developing countries have started talking to each other, and
a collaboration among some forum members to explore the market for 3D printing
medical device repairs in Ghana.
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This initiative is being run on a voluntary basis by Anna Lowe as part of her investment in setting up the dedicated organisation (see section 4.2 below), and it is intended that this will form part of the ongoing work of the new entity.

Transaction & Quality Assurance Engine
A Minimum Viable Product of the transaction engine discussed in section 3.2 is currently under development as part of a project with Field Ready funded by DFID in
Nepal. Daniel Paterson, CTO of the new entity (see below), is building a blockchain
based system that will manage a multi-supplier contract, enable the quality assurance process, and trigger payment as a result. This project will conclude in December 2017 with a proof of concept run-through with a real order.

4.2 Creation of a Dedicated Organization
The consortium structure used for the pilot project has been extremely helpful to
enable the initial thinking around this concept to benefit from a range of expertise
and perspectives greater than any one of the founding members had individually.
Going forwards, this work needs to engage widely across the humanitarian, development, and business sectors. It also needs to be conducted in a lean and nimble
way to allow effective prototyping and development of solutions. This can best be
achieved by the creation of a new entity specifically to drive towards the vision outlined in section 1.2 above, by catalysing markets to enable networked local manufacturing.
This new entity will create tools and resources to help the world move in the direction of the vision, by working on three areas:
1)

Business Models: prototyping & sharing blueprints for local manufacturing-related businesses – ensuring that incentives exist to make value chains
self-sustaining
2) Digital Tools: discovering what tools are needed to support business models for networked local manufacturing, and making sure they exist in an
open and accessible format
3) Standards & Governance systems: helping to create a level and interoperable playing field
A draft Vision, Mission, and Operating principles for this new entity are given in Appendix Seven.
We have decided to incorporate this as a non-profit as the most appropriate structure at the present time. The main reasons for this are:
•

There are very significant global public benefits to be gained from an increase in networked local manufacturing, so the case for public investment
in catalysing it is strong.
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•

•

The organisation needs to be perceived as impartial to perform effectively
the role of convening different industry players to ensure maximum re-use
of what already exists.
The early stage exploration and catalyst roles are best performed without a
requirement for commercial returns. The intention will then be to develop
sustainability models for all digital tools and spin them off as separate, selfsustaining organisations.

The planned organisation structure trajectory for this work is shown in the diagram
below:

The partners in the MakerNet Consortium will be represented in the governance
structure of the new entity, which will in the first instance be led by Anna Lowe.

4.3 Future Experiments & Funding Needs
In addition to the work already underway, we are looking for funding for the following important follow-on activities:
• Organisation set-up
The preferred mechanism to fund MakerNet development would be to provide
organisational funding. This would provide maximum flexibility to build on already existing initiatives and carry out some of the work described below. The
organisation would ideally be staffed with 3 FTEs.
• Quality in Contracting Trial
The practicality of large organizational buyers such as governments and aid
agencies being able to use multiple small manufacturers to fulfil their needs
rests on transaction costs and quality control. We therefore believe it is a high

www.makernet.global

29

priority to build on the MVP transaction engine discussed in section 4.1 above,
and a trial in partnership with a forward-thinking aid agency to develop:
o

A blockchain-based contracting and payment engine that not only
enables one order placed to be distributed among multiple manufacturers, but also for each supply order to be broken down into
parts dependent on meeting quality and performance targets. This
is intended to allow parties to transact with each other at low cost
without the need for a ‘trusted third party’ intermediary.

o

A distributed quality control protocol that would allow different
quality control agents to certify products in different places but to
the same standards.

This project will allow us to explore the complexities around contracting and
quality management and how they interact. It would also contribute to work we
want to do on business models. The ideas for this were developed through the
work done in the pilot project, and securing resources to test them in practice is
a high priority.
Demand-side Stakeholder Engagement for International Development
Building on the Cisco Foundation project described above in section 4.1, we
would like to broaden the research into & engagement of demand-side stakeholders to include people and organisations working with a development as well
as a humanitarian focus.
•

•

Mapping & Standards for Supply Capability

Once we know more about the demand, work is needed to explore how we find
the manufacturers to do it. We would like to collaborate with Make Works to
take advantage of their learnings from mapping local manufacturing capacity in
specific areas of Western Europe, and to test out campaigns for self-reporting for
comparison alongside this hands-on approach.

We would also like to explore issues around capability measuring and building to
allow local manufacturers to effectively take part in the MakerNet concept.
The outputs of a project in this area would be:
o

o
o

o

•

Publicly available information on the manufacturing capabilities
found in the area of the study, enabling those small manufacturers
to gain new business
A data schema for classifying manufacturing types, adapted for this
purpose from the existing Make Works version
An open, documented and accessible method for carrying out similar mapping efforts and a way for relevant work done anywhere in
the world to contribute their data to the same system
A method for estimating the resources required for mapping of any
given area

Development of Business Models
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It is vital that we continue the work on business models for local manufacturers:
o

Urban environment: Continue the work started in Nairobi, and
explore questions such as the scale of demand necessary to make a
local production facility work, and the trade-offs between capital
investment & training in relation to higher quality levels.

o

Rural environment: Conducting cost comparisons between local
manufacture and imported products in different locations across a
country and understanding the differing economics applicable in
different contexts (e.g. proximity to the capital, proximity to ports
or other infrastructure, locations with seasonal access issues)

o

Refugee situation: The MakerNet concept is highly applicable in
situations where there is a simultaneous need to create livelihoods
for people who have lost theirs, and set up supply chains for needed
goods. A number of organisations involved in refugee relief in East
Africa have expressed interest in trialling local production models.

The outcome of any of these projects should not only be viable businesses in
operation, but also shareable blueprints that can be adapted and used in
similar situations elsewhere.

Quality in Contracting
Trial
Stakeholder Engagement
Supply Mapping
Business Model Development

Kenya
ü*

Ghana

Egypt

Jordan

Nepal

Myanmar

Other

ü

ü

ü

ü

ü

ü

Global

ü*
ü*

ü

ü*

ü*

ü
ü

ü*
ü

ü
ü

Many
Many

*Starred locations have a circumstantial advantage for the relevant project to be carried out there – e.g. some work
already done which could be built upon. It may also be possible to find similar advantages in other locations.

There are also two projects (that would not involve work on the ground in any particular country) key to advancing the infrastructure that local manufacturing needs:
•

MakerNet Governance Development
Desk-based research & interview project to learn from existing knowledgefocussed governance bodies (such as the Wikimedia Foundation, Linux
Foundation, and ICANN) on how we can create an effective decision-making
framework to safeguard the ‘Internet of Making’

•

Gathering on Open Know-how
Following the conclusion of the Cisco Foundation project, it would be beneficial to convene an industry gathering to encourage the development and
adoption of a common documentation standard for open know-how, to ensure that information being generated by different initiatives can be used as
widely as possible. This could be a dedicated event or possibly could be organised to run alongside an existing open knowledge conference.
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