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Abstract 
Humankind is depleting resources in an alarming manner, and, trying to reverse this trend, United Nations 
presented the Sustainable Goals for Development. 65% of the world’s population live with less than 
2USD/day, being considered BOP (Bottom of the pyramid) consumers. Something has to change in the 
way companies provide value to these consumers. 
Frugal innovation is one of the solutions to tackle this issue. Developing products and services that are as 
simple as possible, in a cost-effective way and minimizing social and environmental impacts with the 
objective of covering the needs of the underserved consumers. 
Technology plays an important role in Frugal Innovation. 3D printing has set its way as a disruptive 
technological trend.  
3D Ways, a Portuguese 3D Printing start-up is working with big clients in Portugal, in areas such as 
manufacturing or the medical field. Facing this push to sustainability and the opportunity Frugal Innovation 
presents, the company made the strategic decision to expand its business to the development countries’ 
market, starting by Ghana since waste disposal is a major problem to the country, leading to 1.7 million 
tons of plastic waste annually (GhanaWeb, 2017). A resource that can be converted into 3D-printed frugal 
products. Therefore, this article, an extended abstract of the Master’s Thesis proposes the delivery of a 
Business Plan for the entrance of 3D Ways in the Ghanaian market, with the aid of an extended literature 
review concerning the theoretical and technical backgrounds of Frugal Innovation and 3D Printing, and a 
practical focus on strategic tools and business models. 
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I. INTRODUCTION 

 
Frugal Innovation, a major need for the world 
According to projections, by 2030, 95% of the 
global population growth will take place in 
emerging markets (Kharas, 2010), and, at the 
same time, the decay of the birth rates in the 
developed world is predicted. By then, almost 7 
billion people will be living in developing countries 
(United Nations, 2015). Implying, thus, that 
developing countries will become huge markets, 
that are seeking for new solutions or existing 
solutions but delivered in new ways (Soni, 2013). 
Frugal innovations are products and services that 
target the needs of resource-constrained 
customers of low-mid market segments. They are 

high-quality scalable solutions at affordable prices. 
These are developed through a sustainable 
business model which is cost-effective, minimizes 
environmental impact and enhances social value in 
the entire value chain (Analysis of Table 2 from the 
Dissertation). 
So, Frugal products, while being able to reduce 
substantially the total costs in comparison to other 
products or services as mentioned nearly in every 
definition or description of frugal innovation, need 
also to perform at a high level, regarding the core 
functionalities, without too much focus on minor 
functionalities since they aim to respond with 
extreme efficiency to some essential need.   
In developing markets, a lack of physical 
infrastructures or energy supply, is well-known. 
Khanna and Palepu (2010) state that 
understanding the meaning of these institutional 
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voids would empower sustainable innovations such 
as frugal innovation. For every lack or void, there is 
opportunity. Frugal Innovation can be key to 
providing clean energy sources or new low-cost 
solutions to fill this void. 
 
Technology and 3D Printing as a tool 
Technology is having an increasing impact on the 
development of frugal innovations. In fact, frugal 
innovations need rigorous use of engineering and 
science for quality products with robust 
performance (Rao, 2017). The capabilities of 3D 
printing and the types of materials that it can use 
are improving a lot. This enables applications 
outside prototyping and industrial use and leads to 
changes in the entire value chain, the impact can 
be noticed on how products are designed, planned, 
manufactured and distributed (Mavri, 2015). As an 
example, regarding physical manufacture, there is 
a trend of the rise of digital personal fabrication, or 
fabbing (Gershenfeld, 2005). A fabbing laboratory 
is a small-scale workshop with computer-controlled 
tools (for instance lasers, 3D printers and mills). 
This infrastructure gives access to the common 
public to tools that were previously available only 
for expensive mass production (Gershenfeld, 
2012). 
The increasing adoption of advanced frugal 
innovations will inspire research and development 
(R&D) activities in various sectors. Profound 
scientific research will be essential to unlock the 
potential of advanced innovations that have quality 
of functionality, while respecting constraints on 
costs for sustainable development. In fact, frugal 
innovations of both grass roots and advanced 
types need rigorous use of engineering and 
science for quality products with robust 
performance. (Rao, 2017). 
The most noticeable advantages of 3D printing can 
be environmental (Waste and Environmental 
impact). Besides this, 3D printing can bring much 
more versatility to the industry, since changing the 
product being produced is much easier, and the 
complexity of products can be increased.  
 
The Challenge 
3D Ways is a Portuguese Start-up that 
manufactures and distributes remotely controllable 
professional 3D printers, having a 24/7 printing 
factory in its headquarters that doesn’t require 3D 
printing know-how. The manufactured and 
upgraded printers have Wi-Fi, and their production 
is manageable all over the world through a single 
platform. This is allowed by a in-house built 
software. Another service provided is the 
monitoring and management of their clients’ 

production assuring the 3D printing quality control 
and optimizing the printing time of all the clients. All 
of the phases of the product development (from 
conceptualization to design and final printing) are 
also a service provided by the company. The 
company has a production center available where 
the clients can print small batches of products to 
evaluate the market. The final products can then 
be finished with treatments such as polishing, 
sanding etc... Another area of business is 
formation. The company can provide others with 
the know-how needed in this area. The company 
currently prints with over 30 different materials. 
Connecting their Business Model with all said 
above, one of the goals of the company is having a 
global network of clients, with their production lines 
all connected and shared between them. This 
allows the production of endless possibilities of 
products without the waste and the environmental 
impact, and with a greatly reduced cost for 
everyone involved. 
In face of the desired business model of a global 
network of clients, the company wants to expand to 
Ghana with a solution involving circular economy 
and frugal innovations. Since around 35% of 
Ghana’s population is considered to be living in the 
Bottom of the Pyramid (BoP), living under 2 
USD/day (International Futures – Uni Denver, 
2018) and plastic waste is a true calamity in 
Ghana, with about 1.7 million tons of plastic waste 
annually in the country (GhanaWeb, 2017), there is 
a market need for a project, which transforms 
plastic waste into valuable products, to people who 
need the most. Therefore, this 3D ways, wants to 
create an autonomous grid of 3D printers, 
communicating through advanced IT systems, 
which will produce frugal products to Ghana from 
plastic waste filaments. According to Howell et al. 
(2018) “IT has three characteristics that have 
influenced both business models and frugal 
innovation. First IT reduces transaction costs, 
sensor prices have decreased, and IT's 
externalities have increased the economic and 
social value from one innovation.”. The solution 
starts with the plastic waste collection and 
treatment. Then, through a mechanical process 
involving a shredder and an extruder the 3D 
printing filament is produced. The filament is used 
in an addictive manufacture plant, where a farm of 
3D printers is locally available in Ghana. The 3D 
printers are connected via wireless with the 
headquarters of the company.  From the 
headquarters, production, maintenance and 
product design are remotely controlled. In Ghana, 
human resources are responsible to introduce the 
plastic waste filament and to remove the final 
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products. Frugal products are going to be produced 
in order to fulfill the needs of local communities and 
local enterprises. These products target different 
sectors, such as health, manufacture, agriculture, 
among others. Finally, after using the products, 
they can be collected and transformed again into 
new products. This solution will decrease the 
plastic waste and meanwhile it will help people 
around in Ghana with affordable solutions, which 
can empower them to a life change perspective, 
expecting to increase at the same time, the 
worldwide economy. Simanis and Hart (2008) 
suggest that with embedded innovations and 
business model intimacy (meaning the business is 
embedded in a community), value can be shared 
between business and community. The challenging 
demands of a correct strategic positioning to this 
new market and a valid business plan to enable the 
success of 3D Ways’ endeavor are the main focus 
of this work. 

II. METHODOLOGY 

After the identified challenge, the first thing to do 
was to structure the business plan. For that, a table 
was built synthetizing the main elements that are 
the core of a good business plan, according to the 
nine analyzed sources. Among them are 
consultants (Forbes, 2018; McKinsey 2016), 
governmental entities (UK’s Government, 2018; 
Australian Government, 2018) and authors of 
papers and book chapters (Tanev and Hansen, 
2016; Khor, E., 2014; Nelke, M., 2012; Duening et 
al., 2015; Wormell I. et al, 2011; Annachimo, M. 
2015). In addition, a literature review was made 
regarding the theoretical aspects of business 
plans, business models, and some of the most 
commonly used strategic formulation tools (SWOT, 
Porter’s Value Chain, Porter’s 5F’s). 
The elements of the business plan were, then, 
selected and are going to be presented below, 
together with a short description of how they were 
built. 

 
Element 1: Executive Summary 
An executive summary’s main objective is to pique 
the interest of decision-makers (McKinsey, 2016). It 
should contain a brief overview of the most 
important aspects of the business plan. In 
particular, It should highlight the product or service, 
the value to the customer, the relevant markets, 
management expertise, financing requirements, 
and possible return on investment (McKynsey, 
2016; Duening et al., 2015). This was taken into 
account in the developed business plan. 
 

Element 2: Mission & Vision  
According to the benchmark strategic management 
book Exploring Strategy (Johnson, G. et al., 2017) 
a good mission statement should depict the 
essence of the business and be unique and quickly 
identified. It should identify the scope, core 
capabilities and values of the firm.  A good vision 
statement should depict the goal of the company 
for the future. “Where do we want to be?”. All of 
these criterions were held into account while 
constructing the vision and mission for the 
Business Plan. 
 
Element 3: External Analysis 
The external analysis carried out for the business 
plan consisted in a thorough market analysis. 
 A market analysis is a quantitative and qualitative 
assessment of a certain market, which can be 
segmented by geographic region, industry sector, 
etc., and it looks into the size of the market both in 
volume and in value (Ablett et al., 2007; Robinson 
and Oss, 2012; EY, 2015; Kardes, 2016). This is a 
highly complex task and, therefore, it is helpful to 
divide it in four big dimensions respecting the 
literature.  
The four dimensions of analysis are as follows: first 
the macroeconomic environment includes the 
collection of enough macro-economic data with the 
intent of characterizing a certain geographic region. 
Secondly, the socio-demographic environment 
consists in aggregating sufficient social and 
demographic data to build a detailed set of 
consumers’ characteristics and achieve a certain 
consumer profile for that region, which is then 
followed by an overview regarding the external 
environment with an assessment political and 
governmental policies, and trends regarding their 
economic direction and the labor market. Finally, 
the identification of the market’s sectors, its 
challenges and opportunities is crucial to evaluate 
the set of capabilities and conditions for conducting 
a business.  

The interpretation and assessment of some of the 
previous dimensions are not simple tasks. It 
encompasses a careful collection of the data 
available according to different metrics that, when 
related between them, help firms reach conclusions 
and capitalize on the market analysis. In the 
current literature there are numerous indicators 
capable of achieving that task. Values for some of 
these indicators were then retrieved (GDP, 
Inflation, Level of Gross Debt,  Exports, Interest 
Rate, Population Growth, Unemployment and 
Illiteracy Rates, Share Market Sector and Growth 
by Sector) having by basis the same temporal 
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periods to enable comparisons and a discussion of 
the implications of the data. In the end, the main 
macroeconomic factors that can compromise the 
business’ implementation were identified.  
 

Element 4: Business Description and 
stakeholders’ analysis 
For this element of the business plan, a description 
of each phase of the proposed solution for the 
client was made. To complement it, a stakeholder’s 
analysis was undertaken. 
 

• Business Description 

To perform a successful business description, the 
collaboration from 3D Ways was essential as they 
defined the scope of the project and the technical 
and technological aspects in detail. The 
construction of this element of the business plan 
was in this work, having into consideration the 
knowledge gathered during the literature review, 
and throughout the month spent at the 
Massachusetts Institute of Technology visiting the 
frugal innovation lab “D-Lab” and the Tata Center. 
It was completed in close cooperation with the 
CEO and remaining team of 3D Ways.  

• Stakeholders Analysis  

Having established the markets in which the 
company would operate and understanding the 
external environment with clarity, it was important 
to understand the key players that could influence 
the business, what impact they could have and 
how to maintain the communication with them. A 
sequence of the methodologies List Evaluation 
Stakeholders and Power Interest, both depicted in 
the literature review was utilized. A listing of the 
major players was done in a focus group involving  
by narrowing the player groups to three categories. 
The least relevant stakeholders were crossed out, 
and a final list was agreed upon, by all the 
participants. After this selection was made, there 
was the need to rank these actors according the 
power and the interest they could have in the 
project. With these rankings, the perceived inputs 
and barriers they could pose to the project could be 
more easily defined, as well as the communication 
plan to ensure a smooth implementation of the 
project. The synthesis of all of this information was 
then structured into a table (Ramos, 2016) to allow 
the easier and more direct extraction of relevant 
information and the discussion of the results. 

 

Element 5: Business Model Structuring 
This element was structured as such to allow a 
complete explanation of the desired business 
models, as well as of the main required activities to 
allow the value propositions to be delivered. 
Complementing the analysis on the value of the 
project, strategic tools were applied to enable 
strategic recommendations for the success of the 
project. 

• Business Model Canvas  

The BMC that was utilized was the triple layered 
version from Joyce and Paquin (2016). The reason 
being it is the only standard business model, so far 
doing the link between the economical and the two 
remaining (social and environmental) pillars 
sustainability. In the published paper, used as a 
reference for the literature review, the authors write 
a guide on how to fill each area of the business 
model, and those instructions were followed in the 
development of the business plan. 
As the output to be extracted from this tool, it is 
supposed to define in a clear, schematic and 
concise way, the value provided by the solution of 
3D Ways in terms of each sustainability pillar. 
 

• Porter’s Value Chain  

Understanding the proposition of value proposed in 
the BMC, this tool is useful to make clear how that 
value is created, what activities are involved in that 
value creation. Therefore, based on the business 
description done in collaboration with the company, 
the main activities were identified, and the tool 
was, then, built. 

• SWOT Matrix 

Having understood the value proposition of the 
project by filling the areas of the TLBMC, and the 
activities they require by filling Porter’s Value Chain 
it was now easier to understand how to fill the 
SWOT matrix. The strengths area should be based 
on the value offerings of the project that are harder 
to copy by the rivals and thus provide a competitive 
advantage to the business. Whereas the 
weaknesses should depict the weakest links that 
could compromise the project’s implementation, in 
terms of internal variables. The threats and 
opportunities were filled based on the socio-
demographic and macro-economic analysis. A 
Focus Group contribute was of extreme relevance 
to the filling of this element. 
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Element 6: Internal Environment, and Demand 

• Sales Strategy  

The exact potential of each customer segment 
needed to be conveyed to the investors. This 
analysis must provide a concrete evidence that 
there is market potential for the presented solution. 
Therefore, it should depict the profitability of the 
solution even in face of changing variables and 
scenarios. There were two main costumer 
segments identified after the market analysis: B2B 
(Healthcare, Construction and Manufacturing 
sectors) and B2C, delivering frugal innovations 
directly to the people in need. For the B2C 
segment, the more directly connected to frugal 
innovation, data regarding the number of B2C 
customers in the specific market was retrieved, 
having into consideration a long temporal 
spectrum. 
Then a scenario analysis of consumption was 
defined, based on the average cost of a 3D printed 
plastic product (3D Ways) and on variating patterns 
of consume to ensure the robustness and 
credibility of the estimations. As mentioned by the 
Corporate Finance Institute in 2016 predicting the 
future is an inherently risky business, so it’s 
prudent to explore as many different cases of what 
could happen as is reasonably possible.  
Finally, the sales revenues were estimated, having 
into consideration each of these scenarios. 
For the B2B segment, each of the main market 
sectors defined earlier, was evaluated by two 
criteria: Potential of impact of 3D printing, 
according to reports from consulting groups 
(Forbes, 2018; PWC, 2017; BCG, 2018) and 
Potential sales volume, determined by the historical 
behavior of the sector in contributions to or % of 
spending regarding the country’s GDP. 
These two criteria were then combined into a 
formula used to generate two sales scenarios and 
the respective projections. 
After the sales projections were calculated, the 
sales approach to each main customer segment 
was adjusted and defined having into account the 
pre-existent software based capabilities of 3D 
Ways as well as the description of the macro-
economic environment of the country.  
 

• Porter’s 5 F 
 

Porter’s 5 F tool was built based on the outputs 
from the stakeholder’s analysis, and from the 
characterization of the demand and the market 
sectors that the company would invest in. A Focus 
Group contribute was also of evident value. 

Crossing the information from these inputs, the tool 
should provide a clear picture of the industry 
environment the company faces, identifying the 
major forces that could influence the success of the 
project regarding the market areas in which the bet 
is made.   
 

• Work Plan/Milestones  

The work plan and milestones were constructed 
recurring to a Gantt chart whose activities’ 
distribution was agreed upon after several 
meetings with 3D Ways’ CEO. According to the 
company the project has milestones to ensure the 
successful completion of its implementation.  

• Organigram  

3D Ways wants to have a well-defined structure for 
the activities to perform in the new market due to 
the magnitude of this project. Therefore, a structure 
was proposed having into account the best way to 
link the operational and the technological aspects 
of the project. Frugal innovation benefits from the 
link to technological solutions (See section I). As 
such, the project team will have to primarily focus 
on a smooth connection between the operational 
efficiency and technological tools. The major output 
should be a well-defined human resource structure 
for the new project, indicating the roles and 
functions of each member. 
 

• Element 7: Financial Elements 

Three main financial indicators were calculated. 
The Net Present Value (NPV) of the project, the 
Payback Time and its Internal Return Rate (IRR). 

For these calculations, several intermediate steps 
were required: Obtention of the Operational Costs; 
Determination of the amount of investment 
required by the project; Determination of the scope 
of evaluation, in years, for the project; Building the 
Cash-Flow by year table; Determining the discount 
rate for the NPV calculation; Applying the IRR 
excel formula. It is important to explain with some 
depth, how the discount rate was calculated and 
the details in the IRR calculations: WACC is a very 
complex tool to calculate as it involves many 
variables and assumptions, and so, in this 
dissertation’s case, the WACC was, for purposes of 
simplification, determined recurring to the tool 
“WACC Expert”, which is a service created solely 
for this purpose. It is, therefore, an approximation. 
The IRR is the discount rate that causes the NPV 
to be equal to zero. It is the maximum discount rate 
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that would allow the project to be viable. The tool of 
Microsoft Excel was used for this calculation. 

In the end, a sensitivity analysis to the IRR was 
made to ensure the robustness of project and 
account for unpredicted variations in the discount 
rate. For this, the discount rate was incremented in 
successive intervals from the assumed value, to 
analyze how the IRR indicator would behave 
(implicating or not the viability of the project). 

Important note : Focus Group 
The input for the analytical tools used on the 
Business Plan (Stakeholder’s Analysis, Porter’s 5 
Forces, and SWOT Matrix) was obtained through a 
series of Focus Group meetings. An IST student 
was the moderator of the group and the remaining 
participant elements were a Ghana’s Government 
consultant, a client company’s representant, 
3DWays CEO, an IST professor and the former 
owner of a 3D Printing company in Pune, India. 
There were realized 4 focus group meetings and 
the scheme was as follows: 

• 6/7/2018- Stakeholder Identification and 
Priorization 

• 13/7/2018- Swot Matrix development 

• 20/7/2018- Industry analysis 

• 27/7/2018-Risk Evaluation for the 
application of the Business Plan. 

 
The group was maintained the same throughout all 
of the meetings to reduce the subjective factors’ 
influence that came with the changes, as the 
document needed to be as coherent and adapted 
to the market conditions as possible. 
 

III. RESULTS AND DISCUSSION 

From all of the results obtained through this work, it 
is relevant to prioritize some of them to present the 
most immediate results that can be be retrieved 
from this document for 3D Ways: a market 
assessment, with the identification of its needs, the 
sectors to bet in and expected demand or revenue 
potential of each of them; a stakeholders; 
classification and prioritization; a detailed business 
description, with the correspondent value 
proposition constructed based on the market needs 
(only BMC economic represented in this 
document); Financial projections that demonstrate 
the project’s viability to the customer. 
 
All of these outputs are presented below, after a 
short discussion of their results (see pages 8 and 
9) . 

 
Business Description 

There are four major phases in the Business 
description proposed for this project (Figure 1). 
Frist, the plastic waste must be collected, sorted 
and treated for de-contamination. After, it is ready 
for the next phase. Through the help of a shredder 
and an extruder, the plastic waste is converted into 
3D Printing filament. This filament can either be 
sold as a raw material for the 3D-Printing business 
worldwide or it can be used as an input for the next 
phase. In the additive manufacturing phase, the 
filament is then converted into diverse 3D-printed 
products (the applications and market potential will 
be detailed later in the document). After this phase, 
the customers use the products and they return to 
the beginning of the cycle.  

 
Stakeholders’ Analysis 
 
First the main stakeholders were identified: 
National Institutions; The project has a national 
focus, and even though it envisions a partnership 
with a local company for this first phase, these 
stakeholders can be extremely valuable assets for 
the future as they define and control the 
bureaucratic aspects of the project implementation, 
and determine the public funding destinations, that 
are a revenue stream to be considered. 
 
NGO’s; Given the frugal perspective of this 
business, these organizations can be a good 
source of partnerships or even market penetration, 
as many of them are already well established in the 
country and have good networks of contacts for 
potential customers (only the larger one was 
selected for simplification aspects). 
 
Industry Players; Even though the waste 
management industry in Ghana is poorly 
developed (Adu-Boahan et al., 2014) it is important 
to consider these players as they could impose 
barriers to the entrance of the project and in a 
future perspective, as they can develop their 
business capacities and may attempt an entrance 
in the technological area. 
 
The classification was then made, as seen in 
Figure 2, according to the power each of the 
stakeholders has and the interest they can have in 
the development of the project. As such, it was 
considered that all of the identified stakeholders 
have an high interest in the project. This is easily 
explained. The response of the proposed business 
to several of the main problems of the country 
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while allying the use of state-of-the-art technology 
is a major contribute to this interest both by 
potential players and institutional entities. As for 
power, at the moment, only the client company and 
the governmental entities are in a position to 
determine the output of the project, as the industry 
players are not well developed yet, to pose a threat 
that justifies the inclusion in a relevant power 
category. 
 
Business Model  

As it is evident from the framework (Table 1), the 
business relies on diverse sources of revenue to 
ensure its resilience. As the value proposition is 
clearly in the best interest of the client company, 
delivering the final products and giving a new 
utilization to previously untreated waste, it 
capitalizes on the some of the major factors 
analyzed in the external analysis section, such as: 

Lack of infrastructural capacity in construction; 
Healthcare needs and excessive spending; The bet 
of governmental entities in manufacturing. This BM 
also has into consideration the risk of an unstable 
political situation or lack of funding by two 
strategies: 

On one hand, the government is one of the key 
partners, with the interest in the successful 
completion of the project. On the other hand, the 
project is not dependent on this, as its revenue 
streams are diverse. 

The business model also ensures that the local 
community benefits the most from the activities. 
The core activities were defined to evidence in a 
succinct way the key focus that the business 
should have, as well as to give a clear picture of 
the costs that can spring from the activities’ 
realization. The main output that should be 
retrieved from this element is a clear business 
structuring, having the economic value proposition 
and the major clients identified, this acts a great 
support for the sales potential determination. 

Market and Sales Assessment 

In the market analysis section, it was revealed that 
Ghana’s population of BoP consumers will remain, 
in average, stable at 10M people for the next 
years, leading to a demand of 10M potential 
consumers. The cost of 3D printing is normally 
calculated having by basis the weight of the raw 
material. And with 100g of filament, depending on 
the market target, either low value added products 

such as toys (1 or 2 USD) or very high tech 
solutions for healthcare (around 5000 USD) can be 
developed. The range is big. 

Moreover, the normal ranging selling price for 
hourly production in 3D printing is from 20 to 30 
USD, and 1 hour of production uses only 10g of 
filament (3D Ways internal information). 

It was assumed that the price of selling each 
product was 5 dollars, which is a conservative 
assumption, as shown above. Table 2, shows the 
estimated profit projections for each scenario. 

Concerning the B2B markets, three sectors have 
been analyzed. The reasons behind this selection 
are the fit with the 3D printing technology and, also, 
the strategic objectives of Ghana according to the 
Vision 2020 program. As can be seen in a more 
detailed external analysis, manufacturing and 
healthcare constitute some of the largest financial 
burdens for Ghana’s government, and at the same 
time are at the center of investments for the 
wellbeing of the population.  

The demographic analysis showed a country facing 
a huge construction pressure due to the massive 
urban population increase. Therefore, these three 
sectors were the priority choices for the B2B 
demand, in this preliminary phase. A market 
potential in terms of sales was done for each of the 
main sectors identified throughout the work (B2B, 
Manufacturing, Construction and Healthcare). The 
procedure is explained in the section 
“Methodology”, and the output allowed to give a 
quantitative perspective of the potential of the 
project (Figure 3, Figure 4, Figure 5) . 

Financial Projections  

A set of assumptions and retrieved data from 
credible sources was made to allow to construct 
the financial table of the project (Table 3). These 
assumptions were made regarding the Scope of 
the project, the service provided, the country’s 
specific info such as utility prices and wages, 
production variables and numbers, and rates or 
taxes. More details are presented in the full 
document, but the project demonstrated, under 
those assumptions, a very satisfactory NPV and 
IRR rates. 
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Figure 1 - Business Diagram 

 
Figure 2- Stakeholder Priorization (Power-Interest Matrix, from bla) 

 
Table 1- BMC Economic 

Key Partners Key Activities Value Propositions Customer Relationships Customer Segment 

-Ghana Government 
-Client Company 

-Plastic collection 
-Plastic Sorting 
-Plastic Treatment 
-Filament production 
-Product development  
-Logistics 
-Addictive Manufacturing 

-Education of local population about 
environmental issues and waste recycling; 
 
-Contribute to solve the waste problem by 
recycling plastic waste 
 
-Solution local population and companies solving 
their needs by producing functional -3D printed 
products, out of the recycled plastic. 
 
-A highly replicable model to other countries 

Local interaction 
Online Orders 
 

-Local community 
(B2C)  
-Big corporations in Ghana 
-Medical Sector 
-Manufacturing Sector 
-Transportation Sector 
-Government and NGO’s 
-Exports of filament  Key Resources Channels 

Plastic waste 
Infrastructures 
Machinery 
Local community talent 
IT software and automation 
 
 

-Local Production canters 
-Online product Database 
 

Cost Structure Revenue Streams 
-R&D/Automation costs 
-Infrastructure building 
-Labour costs 
-Maintenance Costs 
-Production costs 
-Utilities 
-Supply Chain costs 
 

-B2C Sales 
-B2B Sales 
-Filament exports 
-NGO’s and Government Funding 
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Table 2 - B2C Sales projection 

 

 
Figure 3 - Healthcare Sales projection 

 
Figure 4 - Manufacturing Sales projections 

 

             
Figure 5 - Construction Sales projections       

Table 3 - Project's Financial Table 
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IV. CONCLUSIONS 

This work was innovative in several aspects: Firstly, it 
revealed that it is possible to take advantage of a link 
between frugal innovation and the new technologies 
emerging as state-of-the-art responses to global 
challenges, such as 3D printing. An extended literature 
review provided a good theoretical background and 
enhanced the value links between concepts that are not 
always put together.  
Secondly, this good theoretical work, was then utilized 
and put into practice to help a Portuguese start-up give 
the first steps in an ambitious project.  
 
The project’s business plan was built in accordance to a 
thorough literature review regarding its structure and 
some of the most commonly used tools to build it. This 
combination of research with methodologies such as a 
market analysis and financial projections, resulted in a 
document that fulfilled several objectives.  
•The market and the specific conditionings of it were 
explained to enable a needs identification and a strategic 
selection of markets to bet on.  
•A correct structuring of a business model and process 
were done. This allowed the integration of a new 
technology in a business targeting a previously 
unexplored market for the company, fact that enhances 
the value of the company. 
•An identification of the main stakeholders that the 
company should focus on to enable a correct 
internationalization. 
•The projection of tangible revenue values for the client, 
that depict the opportunity in hands. 
•A risk and opportunity analysis, to account for the huge 
uncertainty present in this situation. 
 
Although the document fulfilled the above-mentioned 
objectives, it has some limitations: 
•In terms of the filament export market, there was no 
correct evaluation of the sales potential due to time 
constraints.   
•Some of the tools could have been more thoroughly 
commented. Due to the work-load involved in the 
development of the document, that englobed various 
areas, and the difficulty of finding reliable sources for 
more in-depth comments, this was an issue. 

V. REFERENCES 

Ablett, J., Baijal, A., Beinhocker, E., Bose, A., Farrell, D., Gersch, 
U., Greenberg, E., Gupta, S. and Gupta, S. (2007) 'The Bird of Gold’: 
The Rise of India’s Consumer Market', Report by McKinsey Global 
Institute, Available at: http://www.mckinsey.com/global-themes/asia-
pacific/the-bird-of-gold. 

Adu-Boahen, K., Atampugre, G., Antwi, K.B., Osman, A., Osei, 
K.N., Mensah, E.A. and Adu-Boahen, A.O. (2014), Waste management 
practices in Ghana: challenges and prospect, Jukwa Central Region, 
International Journal of Development and Sustainability, Vol. 3 No. 3, 
pp. 530-546. 

Annacchino, M. (2007). The product and business plan. The 
Pursuit of New Product Development, 155–189. 

Australian Government (2018). How to Build a Business plan. 
URL: https://www.business.gov.au/planning/business-plans/writing-a-
business-plan/how-to-write-a-business-plan Accessed in June 2018. 

BCG, (2018). “Will 3D Printing Remodel the Construction 
Industry?”. Available at: https://www.bcg.com/publications/2018/will-3d-
printing-remodel-construction-industry.aspx 

Duening, T. N., Hisrich, R. D., & Lechter, M. A. (2015). Developing 
and Implementing the Technology Business Plan. Technology 
Entrepreneurship, 167–183. 

EY (2015) 'Europe 2015: Comeback Time', Survey by Ernest & 
Young, Available at: http://www.ey.com/Publication/vwLUAssets/EY-
european-attractiveness-survey-2015/$FILE/EY71 european-
attractiveness-survey-2015.pdf. 

Forbes, (2018). “How 3D Printing Could Change The Health 
Industry”. Available at 
https://www.forbes.com/sites/forbestechcouncil/2018/01/17/how-3d-
printing-could-change-the-health-industry/#958f3f351ce0 

Gershenfeld, N. (2005). FAB: The Coming Revolution on Your 
Desktop, from Personal Computers to Personal Fabrication. Cambridge, 
Basic Books. 

Gershenfeld, N. (2012). How to Make Almost Anything. URL: 
http://www.foreignaffairs.com/articles/138154/neil-gershenfeld/how-to-
make-almost-anything. Acessed March 2018 

GhanaWeb (2017). Ghana produces 1.7 billion tonnes of waste 
annually. URL: 
https://www.ghanaweb.com/GhanaHomePage/NewsArchive/Ghana-
produces-1-7-billion-tonnes-of-waste-annually-553969 Accessed in 
August 2018 

Howell, R., van Beers, C., & Doorn, N. (2018). Value capture and 
value creation: The role of information technology in business models 
for frugal innovations in Africa. Technological Forecasting and Social 
Change, 131, 227–239. 

Johnson, G., Whittington, R., Scholes, K., Angwin, D. and Regnér, 
P. (2017). Exploring strategy. Harlow: Pearson. 

Joyce, A. and Paquin, R.L. (2016). The triple layered business 
model canvas: A tool to design more sustainable business models, 
Journal of Cleaner Production. 

Kardes, I. (2016) ‘Reaching middle class consumers in emerging 
markets : Unlocking market potential through urban-based analysis’, 
International Business Review. Elsevier Ltd, 25(3), pp. 703–710. 

Khor, E. (2014). Business Plan. From Academia to Entrepreneur, 
115–128 

Mavri, M. (2015). Redesigning a Production Chain Based on 3D 
printing Technology. Knowledge and Process Management, 22(3), 141-
147 

McKinsey Consultants (2016). "How to write a Business plan" - 
Available at 
http://10k.inc.hse.ru/files/McKINSEY_GUIDE_to_business_plan.pdf 

Nelke, M. (2012). The business plan. Strategic Business 
Development for Information Centres and Libraries, 75–88. 

Ramos, (2016). Strategic Management course material, Instituto 
Superior Técnico. 

PWC (2017). The future of spare parts is 3D. Available at 
https://www.strategyand.pwc.com/reports/future-spare-parts-3d 

Rao, B.C. (2017b).  Advanced Frugal Innovations, IEEE 
Technology and Society Magazine, December 2017, 53,54. 

Robinson, K. and Oss, D. (2012) 'Growth in new markets: It’s all 
about how', Report by PwC 

Soni, P. (2013). The nature of frugal innovations-A conceptual 
framework. Pan-IIM World Management Conference, 1-22. 

Tanev, S., Rasmussen, E. S., & Hansen, K. R. (2016). Business 
plan basics for engineers. Start-Up Creation, 21–37. 

United Kingdom’s Government (2018). How to Write a Business 
Plan. URL: https://www.gov.uk/write-business-plan Accessed in June 
2018. 

United Nations (2015). Population 2030: Demographic challenges 
and opportunities for sustainable development planning. Report. 
Available  at: 
http://www.un.org/en/development/desa/population/publications/pdf/tren
ds/Population2030.pdf. 

WAAC Expert tool, (2018). Choose your country and your sector 
to get your WACC. URL: http://www.waccexpert.com/ Accessed in 
August 2018.   

Wormell, I., Olesen, A. J., & Mikulás, G. (2011). The starting point: 
make a business plan. Information Consulting, 31–55. 


	3D Printing: From Waste to Frugal Innovation
	Marco Rodrigues

	I. Introduction
	II. Methodology
	III. Results and Discussion
	IV. Conclusions
	V. References



