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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 developing 

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 Master 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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Resumo 

A humanidade está a esgotar recursos a uma velocidade alarmante e, tentando reverter isto, a ONU 

apresentou os Objectivos para o Desenvolvimento Sustentável.  65% da população mundial vive com 

menos de 2 USD por dia, sendo considerados consumidores do fundo da pirâmide. Algo deve mudar 

na forma como as empresas entregam valor a estes consumidores. 

A Inovação Frugal é uma das soluções para este problema. Consiste em desenvolver produtos e 

serviços acessíveis, da maneira mais simples possível, e minimizando os impactos ambientais e 

sociais, permitindo colmatar as necessidades destes consumidores. 

A tecnologia tem assumido um papel determinante para as inovações frugais, com a impressão 3D a 

impor-se como uma solução disruptiva. 

A 3D Ways, start-up portuguesa especializada em impressão 3D, trabalha com clientes de renome em 

Portugal, por exemplo nas áreas médica e de manufactura. Deparando-se com esta necessidade de 

sustentabilidade e com a oportunidade trazida pela inovação frugal, a empresa tomou a decisão 

estratégica de expandir para os mercados emergentes, começando pelo Gana, uma vez que o 

desperdício de plástico é um problema gravíssimo para o país, com 1.7 milhões de toneladas geradas 

anualmente. (GhanaWeb, 2017). Um recurso que pode ser transformado em produtos frugais. Assim, 

esta dissertação propõe a criação de um plano de negócios para a entrada da 3D Ways no novo 

mercado, com a ajuda de uma extensa revisão bibliográfica que engloba as componentes teóricas e 

técnicas da inovação frugal e impressão 3D, juntando uma abordagem prática a modelos e planos de 

negócios, e ferramentas estratégicas. 

 

Palavras Chave: Impressão 3D, Inovação Frugal, Desperdício de Plástico, Plano de Negócios 
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1. Introduction 
 

1.1 Background and Context 
 

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). Adding to this, poverty and several 

environmental issues have been pointed out as Sustainable Development Goals, by the United Nations. 

Around 65% of the population is considered to be living in the Bottom of the Pyramid (BoP), with under 

2 USD/day (Prahalad and Hammond, 2002). As another factor to point out, society is currently 

consuming 1.6 times more than the planet can replenish (Global Footprint Network, 2016). As noted by 

Radjou and Prahbu (2015) current rates and predictions argue that by 2030, two planets would be 

required to supply the needed resources and to absorb all the generated waste. The world is demanding 

an extreme change since resource scarcity is threatening the viability of businesses. As a consequence, 

it is crucial to adopt living styles that allow the regeneration and assimilation of earth’s ecosystem 

(Rosca, Arnold and Bendul, 2016). 

Frugal innovations, brought up by this context, 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). Therefore, products to close a gap, to help those in need while minimizing the environmental and 

social impacts related with solutions’ development. 

Aided by promising technologies such as 3D printing, the development of these products can be done 

in a more efficient way.  

 

1.2 Problem Statement 
 

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, 2017b). The capabilities of 3D printing and the types of materials that it can use have been 

improving significantly. 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). 
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Moreover, environments in which frugal innovations tend to be more valued are characterized by low 

and irregular incomes, limited education, inadequate infrastructure and fragmented distribution (Kahle 

et al., 2013). These factors are a logic linking bond for frugal innovations, the addictive manufacturing 

technology, and fabbing laboratories. With the rising of this link between frugal innovations and 3D 

printing, 3D Ways, a Portuguese start-up specialized in 3D printing, understood the value in connecting 

their 3D printing core business with Frugal Innovation, and the each-day more needed practice of 

circular economy. Pressure for sustainability, a new market that allows a good market share and the 

possibility to help local communities led 3D Ways to the planned strategical expansion to Ghana’s fast-

pacing, technology craving economy. Being a start-up, big strategic decisions must involve careful 

planning. Therefore this master’s dissertation consists in the study of the appropriate strategic 

positioning of the company, included in the development of a business plan, that allows 3D Ways the 

successful entrance in this new market. 

 

1.3 Dissertation Objectives 
 

The main goal of this work is to provide, as an output, a robust Business Plan for the expansion of 3D 

Ways to Ghana. In order to achieve this, it is important to fulfil five intermediate work phases. (1) 

Definition of the problem in study, (2) Contextualization on the technical aspects of 3D Printing, Frugal 

Innovation and exploring the link between the two areas, (3) Literature review on business plans, 

business models and tools for strategic evaluation, (4) Definition of the methodology and construction 

of the Business Plan, including its structure and the utilization and purpose of the tools. (5) Discussion 

of the results obtained in the Business Plan to ensure the pertinence and possibility of implementation 

of the project. 

 

1.4 Dissertation Structure 
 

The following sub-chapter presents the structure of this master’s thesis. The first step, in chapter 1, 

comprises the problem contextualization and characterization. An introduction to the concepts to be 

approached is presented, as a background to allow a better understanding. The second step, in chapter 

2 presents a contextualization and state-of-the-art on frugal innovation and 3D printing, deepening 

knowledge on these subjects and presenting the main markets that are targeted by frugal innovations 

as well as the specificities of these products and technology’s role in this field. Common links are found 

between frugal innovation and 3D Printing. At the end, the practical case is introduced. The third step, 

in chapter 3 incorporates a literature review on business plans, business models, and tools for strategic 

evaluation. The main objective of this chapter is to provide a solid theoretical basis for the development 

of the business plan to be applied to the practical case. Chapter 4 presents the research methodology 

and depicts the practical strategy that was taken to deliver the output of the dissertation. In chapter 5, 

the output of the dissertation is presented, with the business plan for 3D Ways developed having by 

basis the previous chapters of this work. On chapter 6 the main results of the business plan are 

discussed, with the risks, counter-measures, main opportunities and relevancy of the project for the 
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current days being discussed. Chapter 7 brings about a final conclusion and reflections on the limitations 

of the work and future developments that are possible. 

2. Frugal Innovation and 3D Printing 
 

This chapter presents, firstly, a global context and a state of the art about Frugal Innovation. The world 

population is exponentially increasing, there is an each-day more present resource scarcity due to that 

fact and we have to take care of our environment, while helping people in need with affordable and 

robust solutions. This is where Frugal Innovation comes in. It is important to understand what exactly is 

Frugal Innovation and the characteristics of frugal products (section 2.1), and which markets can they 

target (section 2.2). In section 2.3, there is a technological focus. First, it is important to understand what 

kind of technology is currently being used to produce this kind of innovations (2.3.1), after (2.3.2) the 

technical details of 3D printing will be analyzed. Ending the section (2.3.3), the link between Frugal 

Innovation and 3D Printing is highlighted. The chapter is closed, in section 2.4, with a description of 3D 

Ways, regarding their business model and strategic choices, current customers and know-how. A 

description of their solution concept for the challenge brought to light in the previous section is, 

subsequently, presented.  

 

2.1 Definition and Characteristics 
 

Two criteria are useful to identify and define innovations, being them process or product oriented (Phills 

et al, 2008). First, the product/service must be new. It may not be original in all of its extent, but it must 

be disruptive in some ways, it can be regarding the use, customer, application, or context. Second, to 

be considered an innovation, the product/service should provide more efficiency or effectiveness, in 

comparison to the other similar solutions (Bhatti and Ventresca, 2013).  

A new kind of innovations are appearing, the so called Frugal Innovations. As a first approach they can 

be seen as products or services that strive to do more with less for more people (Prahlad and Mashker, 

2010). 

After this first impression, it is useful to present Table 1, containing a compilation from several definitions 

of Frugal Innovation found in the literature, which can help understanding the concept from various 

points of view. 
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Table 1 - Frugal Innovation Definitions 

 

Author Definition

Woolridge (2010) Redesigning products and processes to cut out unnecessary costs

Prahlad & Mashker (2010) Do more with less for more people

Zeschky et al. (2010)
Good-enough, affordable products that meet the needs of resource-

constrained consumers

Ernst and Young (2010)
Economical use of resources to provide products affordable by those 

on a lower income

Gupta (2011)

New management philosophy, which integrates specific needs of the 

BoP markets as a starting point and works backward to develop 

appropriate solutions that may be significantly different from existing 

solutions designed to aress needs of upmarket segments

Jagati (2011)

Holistic rethinking of products, services, underlying processes and 

business models so that companies can squeeze costs and expand 

the customer base, business and profit

George et al. (2012)

Innovative, low-cost and high-quality products and business models 

originating in developing countries and exportable to other developing 

countries or even the developed world

Bhatty (2012)

Redefine business models, reconfigure value chains and redesign 

products to use resources in different ways and create more inclusive 

markets by serving users with affordability constraints, often in a 

scalable and sustainable manner

Soni (2013)
The act of producing low-cost, good-enough products for the 

undeserved markets

Basu et al. (2013)

Design innovation process to solve sustainability challenges in the BoP 

markets, through the development of appropriate, adaptable, affordable 

and accessible services and products

Bhatti & Ventresca (2013) A means and ends to do more with less for more people

Tiwari and Herestatt 

(2014)

New or significantly improved products (both goods and services), 

processes or marketing and organizational methods that seek to 

minimize the use of material and financial resources in the complete 

value chain (development, manufacturing, distribution, consumption 

and disposal) with the objective of significantly reducing the total cost of 

ownership and/or usage while fulfilling or even exceeding certain pre-

defined criteria of acceptable quality standards

Brem and Wolfram 

(2014)

A derived manangement approach, based on jugaad, which focuses on 

the development, production, and product management of resource-

saving products and services for people at the BoP by achieving a 

sufficient level of taxonomy and avoiding needless costs

Radjou and Prabhu 

(2015)

Well-designed, good-quality products that are developed cost-

effectively and sold at affordable prices to deliver best customer value. 

The ability to create significantly more business and social value while 

minimising the use of diminishing resources such as energy, capital 

and time

Simula  et al. (2015)

A product, service or a solution that emerges despite financial, human,

technological and other resource constraints, and where the final 

outcome is less pricey than competitive offerings (if available) and 

which meets the needs of those customers who otherwise remain un-

served.

Weyrauch and Herstatt, 

(2016)

Innovations are frugal if they simultaneously meet the criteria 

substantial cost reduction, concentration on core functionalities, and 

optimised performance level 

Agarwal et al. (2017)

All resource-constrained innovations have the following features: cost-

effectiveness, ease-of-use, prescriptive variable (production scale, 

design, inovativeness )

Rao (2017)

Advanced Frugal Innovation (AFI) by leveraging advances in science 

and technology to capture the frugality inherent in a grassroots frugal 

innovation 
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It is also important to understand, by analyzing Table 2, in which dimensions is frugal innovation 

considered when authors do its definition. From a literature review, it is understood the scope of the 

definitions is different depending of the author. 

 

Table 2 - Scope of the definitions of frugal innovation 

 

 

It can be noticed that many of the authors upon which this research was conducted focus on the 

economic component, overlooking, for instance, the customer value. Therefore, merging and 

considering all of these perspectives, and from the literature review that was done, one suitable definition 

for Frugal Innovation can be obtained. This definition covers a larger scope, having into consideration 

all the areas of Table 2. 

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. 

After having understood the core concept, the core characteristics required in frugal products should be 

explored. 

FRUGAL is an acronym that stands for “Functional, Robust, User-friendly, Growing, Affordable and 

Local”. Those products try to embody the Pareto principle: “meet 80% of the requirements at 20% of the 

costs” (Roland Berger, 2015). 

It can be useful to provide some extra characterization about these features, which will be also 

synthetized in Figure 1. 

 

Functionality 

The core characteristic of a frugal innovation product. Meaning that the product must be fit to tackle 

heavy usage, while being lightweight, adaptable and simple (Weyrauch & Herstatt, 2016). The task it 

was designed to do has to be done in the easiest way possible. 
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Robustness 

As the majority of the market for frugal products/services is in developing countries with poor 

infrastructure, these “products need to cope with various infrastructural shortcomings such as voltage 

fluctuation, abrupt power-cuts, dust, and extreme temperatures” (Tiwari, Kalogerakis, & Herstatt, 2014). 

Taking into consideration the rough conditions in which the operation of these products is usually 

required, they must have a solid physical resistance to several kinds of damages. 

 

User-friendliness 

Since most of the frugal approach customers do not have any experience with similar products, 

“companies cannot presume a significant level of familiarity on the consumer side in dealing with their 

products. Frugal products therefore need to be easy-to-use and fault resistant” (Tiwari et al.,2014). With 

most of this kind of products, there is a focus on simple design and operation, avoiding the need to train 

or give complex instructions to the users. 

 

Growing 

Frugal Innovation has the potential and intention of benefiting people worldwide. Following the 

geographical area of intended usage, it can grow to reach as many people as the need demands 

(Prahalad & Mashelkar, 2010). 

 

Affordability 

Hossain, Simula, & Halme (2016) claim that “affordability is one of the main underlying factors affecting 

purchasing decisions relating to new solutions, especially in the context of low-income markets, where 

a significant number of people live on an extremely limited income”. This kind of products tend to also 

target mass markets and use scale economies (Bhatti & Ventresca, 2013), as the profit margins are 

usually low. “Affordability is the most essential attribute of a frugal product; and the best way to achieve 

this goal is to utilize local resources” (Roland Berger, 2015). 

 

Locality 

In order to be a solution for the BoP, frugal products need to adopt a local strategy: “Local suppliers, 

local development and R&D, local production, local employees and local distribution channels” (Rosca 

et al., 2016). 
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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.   

Figure 2 allows to look in depth to this. Cost, in a frugal Innovation, needs to be reduced to the final 

consumer, and this reduction needs to be significative since the profit in this type of innovations comes 

from selling in volume, not from the high margin in the price of the product. Also, the main customer 

target is from the BoP, so a high selling price would make the commercialization of the product inviable. 

As for the core functionalities, these products need to be as simple as possible because of the 

characteristics of the target markets (presented in detail below), thus they cannot have many complex 

functionalities. Frugal innovation strives to accomplish all of this while not compromising the 

performance level of the products. Simplifying without diminishing effectiveness. 

Figure 1 - Typical Characteristics of Frugal Products (Roland Berger,2015) 

Figure 2 - Criteria for Frugal Innovation (Weyrauch and Herstatt, 2016) 
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2.2 Target Markets 
 

In the literature, frugal innovation is confined to emerging and rapidly growing countries by some 

specialists (George et al, 2012; Eager et al., 2011) while others argue that frugal solutions are also 

craved by consumers from developed economies (Bhatti and Ventresca, 2013; Hossain, 2016). Since 

the motto of Frugal Innovation is “do more with less for more people” (Bhatti and Ventresca, 2013) it is 

important to understand what could be the reasons behind the application of frugal solutions in both 

markets. 

 

Developing Countries 

Developing countries are the main domain of application for Frugal Innovation. 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). 

In 2014, emerging markets were responsible for 36% of the global GDP and estimates indicate a 

business opportunity of US$30 trillion by 2025 (Kondis and Stehli, 2014). Currently, most multinational 

companies are poorly exploiting this opportunity and just earn 17% of the total revenue available in 

these markets (Kondis and Stehli, 2014). A bet on this kind of market is clearly needed and on the way. 

Emerging markets possess, also, the key aspect of a well-integrated business strategy: local talent 

(Soni, 2013). There are young people in need of new products/services that have at the same time the 

knowledge to develop them. Adding to this, local physical resources allow a less costly procurement. 

These countries are usually rich in terms of the raw materials that do not need to be imported. The 

combination of these two factors, forms a more unified link between the company and the communities, 

since the workers and the materials are mostly local. 

As can be seen in Figure 3, developing countries are growing fast, their economy is setting the global 

rhythm. The global middle class is expected to grow from 1.8 billion individuals in 2010 to reach 4.9 

billion individuals by 2030 (Kharas, 2010). 85% of this increase will come from the Asian continent 

(Kharas, 2010; Roland Berger Strategy Consultants, 2013). It can also be observed that, by 2048, 40% 

of the world’s consumption is predicted to be generated in China and India (Ernst and Young Strategy 

Consultants, 2011). 

 

Figure 3 - Shares of Global Middle Class Consumption from 2000-2050 (Kharas, 2010) 
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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 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. 

In emerging markets, there are billions of customers who still have basic needs (Prahalad and 

Mashelkar, 2010) such as access to clean drinking water, energy sources, healthcare and education 

services (Soni, 2013). This is the focus of Frugal Solutions, to come up with new affordable ways to 

solve the needs efficiently. 

 

Developed Markets 

Following the World War II, consumers craved for complex products, that had the maximum amount of 

functionalities. Variety and sophistication were the main drivers. This increased the complexity of R&D 

and product development cycles (Engel & Sebaux, 2014).  Nowadays, times are changing. It may be 

useful to analyze some key drivers that turn frugal innovation into a growing trend in developed markets.  

Since the economic crisis, there has been a change in the mentality of the consumers: With a cut in the 

household budgets, customers are becoming value conscious, thus being comfortable in buying private 

brand products, and searching for discounts continuously (despite indicators of economic recovery), 

while advocating the need of spending less, and living with less material goods without being pressured 

to do so, the so called values consciousness. This kind of behavior, persistently observed in some 

customer segments such as the millennials, can be named as “frugal innovation by choice” (Radjou, 

2013). 

On top of that, the economy premises are changing. The consumer is becoming also a value creator. 

With the “sharing economy”, big companies such as AirBnB and Uber hold no assets and create huge 

value, through contributions of customers. The consumer is also a “maker”. Open hardware era has 

begun, meaning that pieces of hardware that allow huge technological developments are becoming 

easily available and more affordable in the developed countries. As the cost of innovation is going down, 

we are getting into a frugal economy, where supply meets demand reducing the total costs and with a 

focus on sustainability (Radjou, 2013). 

Individual consumers are not the only potential customers for frugal innovation in the developed 

countries. Austerity is one of the common economic policies in the EU, since the 2008 crisis.  Joining to 

this, there is the problem of the increasing age of these populations (costs of social and health care and 

pensions). Both of those factors pressure frugality to ensure budget saving in the public sector. 

(European Commission, 2016). 

There can also be seen some additional frugal trends in the public sector such as volunteers in public 

services and the greater use of big data to manage services more effectively. A related area of high 

interest to decision makers in Europe, where frugal innovation could be applied, is in services to support 

and help promote integration of refugees. Several innovative housing solutions are being tested, such 

as IKEA’s refugee housing, tested with the United Nations Refugee Agency (UNHCR) in Ethiopia, 

Jordan and Iraq (European Commission, 2016). 
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Sustainability is a key word when understanding frugal innovations, and the major players in the 

developed countries are understanding that. The humankind is currently overconsuming in about 60%, 

in relation to what the planet can regenerate (Global Footprint Network, 2016). 

As stated by the Sustainable Consumption Roundtable (2006, p. 62): “The long-term goal of sustainable 

consumption must surely be: societal aspirations that are fair for everyone; business models which add 

human value without taking away environmental value; an economy which is stable and yet sustainable.”  

Technology can help make production cheaper, and with innovation more democratized than ever, it is 

only natural that frugal innovation keeps the pace with the new technologies. 

 

2.3 – 3D Printing as a tool 
 

This chapter expands the link between technology and Frugal Innovation, firstly by presenting the rise 

of technological trends and references involving these products and services, in the literature and in 

existing frugal solutions. After, the technical aspects of 3D printing are detailed, as well as the current 

challenges for the technology. Finally, the connection between 3D printing and Frugal Innovations is 

evidenced, and its value is understood and supported with some practical examples. 

2.3.1 – Technology for Frugal Innovation 

 

As every company tries to become more efficient and present better results, both economically and for 

the customers and community, while fulfilling environmental constraints, technology may be a huge ally. 

Frugal products and services tend to be less costly to the society at large. The fundamental nature of 

these innovations has in recent years been accompanied by the appearance of frugality in sophisticated 

products built through science and engineering (Rao, 2017a). These innovations have been called AFI’s 

(Advanced Frugal Innovations).  A distinguishing feature of AFIs other than their low cost, is the 

application of state of the art science and engineering to achieve robust functioning. In other words, 

AFIs have been made through the methodical application of scientific principles, as opposed to the 

original frugal innovations, which are usually created on a more rudimental basis. Rao (2017b), states 

that “The quest to find solutions for improving living standards while preserving the planetary 

environment can be accomplished by large-scale adoption of AFIs”. 

As stated above, there has been a shift in the way of producing frugal innovations. Table 3, adapted 

from Leite (2017) lists some of the most relevant frugal solutions available up to the moment and a 

description of the products or, when it is possible, of the technology used, either in their production or in 

their core function. 
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Table 3 - Frugal Innovation Examples. Adapted from Leite (2017) 

 

 

Company Product Industry Country Market kind Technology used in Production/ Description
MotionECO Biodisel Oil & Gasses China Development Transforming waste oil into sustainable fuel (Chemestry)

Husk Power Systems Rice Husk Gasification Oil & Gasses India Development Decentralized electricity generation using rice Husk

Eco-Fuel Africa (EFA) Carbon neutral fuel Materials Uganda Development  Machine turns charcoal powder into clean burning fuel briquettes 

ProPlanet Recycled tapperware Materials Colombia Development 100% biodergadable prodcuts, made from recycled paper pulp

Rematerials ModRoof Materials India Development Modular roofing system, recycled agricultural and packaging waste

Global Alliance for Clean Cookstoves Technology and fuels Materials USA Developed Vacuum tube solar cookers, multi-fuel biomass stoves, and ethanol stoves

Conceptos Plasticos Recycled plastic houses Utilities Colombia Development Transforms plastic residues  in an alternative building system

300$ House Affordable housing Utilities USA Developed Single room structure, solar panel and battery, Built in water filter 

Renault Dacia Logan Automotive Romania Development 50% Fewer parts than High-End car, cheap to repair, 10.000 US$

Tata Motors Nano Automotive India Development Nano Car with prices from 2500$

Mitti Cool Mitti Cool Refrigerator Consumer goods India Development Traditional clay craft

Godrej & Boyce Manufacturing ChotuKool Consumer goods India Development Solid State Cooling

Kenya Stove Ecological stove Consumer goods Kenya Development Runs on wood chips and can be produced in Kenya for less than $5

Ghana Bamboo Bikes Bamboo Bicycle Consumer goods Gahna Development High quality handcrafted bamboo bikes for the local and international markets

Solar Cooker International CooKit Consumer goods USA Developed Crockpot, or slow cooking.

Solar Serve Cookstoves Consumer goods Vietnam Development Captures the rays of the sun and uses the energy to cook food or boil water

Glatt Stove La Estufita Consumer goods Mexico Development Liquid fuel, at the moment of combustion it transforms the liquid into gas

Optic Group ICH Recycled PET glasses Consumer goods Mexico Development By using PET from the plastic the company makes durable glass frames

BanaPads Banana pad for women Consumer goods Uganda Development Pads are biodegradable and made from banana fibre

M-Kopa solar M-KOPA IV Solar Home System Consumer goods Kenya Development Embedded GSM + mobile payments to allow financing in emerging markets

Nokia Nokia 1200 Electronics Finland Developed Not usually associated with phones in the basic category, including e-mail…

Logitech Computer Mouse M215 Electronics USA Developed Insert an AA battery, plug the wireless nano-receiver into a USB port

DataWInd Inc Ubislate 7 Electronics India Development $37.99, is designed to be a Internet access device for the unconnected.

Foldscopes Folding microscope Health care USA Developed  Ultra-low-cost origami solution for large-scale manufacturing of microscopes

Coolar Solar energy fridge Health care Germany Developed Warm water generated through solar energy and stored in a water tank

General Electric Logiq Book Health care USA Developed Portable ultrasound machine

General Electric MAC 400 Health care USA Developed Compact eletrocardiograph specially designed to meet surgery needs

Siemens Tomography Scanner Health care Germany Developed Scans several slices of the body, the scan time can be reduced, + detail 

Philips Bedside Monitoring System Health care Netherlands Developed Early diagnosis,faster care delivery and fast intervention, better decisions

Embrace Global Embrace Warmer Health care China Development Works without electricity, intuitive enough to be used by a healthcare worker 
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Table 3 - Frugal Innovation Examples. Adapted from Leite (2017) (cont.) 

 

 

Tata Chemicals Limited Tata Swach Health care India Development Purification up to 1500 liters, sturdy body

D-Rev ReMotion Knee Health care USA Developed Blending stable gait with a swinging motion, Projected retail price under $80

BMVSS Jaipur Foot Health care India Development Made of superior quality material, lightweight and flexible.

CVDW Child Vision Health care England Developed Self-adjustable glasses, based on a fluid-filled lens technology

GRIT Grit Freedom Chair Health care USA Developed All-terrain wheelchair designed at MIT

Ion Ag+ Water Filter Health care Mexico Development Water Filter without electricity, toxics or exchangable parts/maintenance

Mettler Toledo Basic Weighing Scale Industrials Switzerland Developed Aluminum die cast casing means FreshBase scales are incredibly robust

G-Thrive gthrive Industrials USA Developed Detachable Antenna, Inside battery, lasts 3+ years, measure soil conditions

First Energy Oorja Industrials India Development Patented Stove and fuel pellets derived from natural agricultural residue 

IluMexico Solar Systems Industrials Mexico Development An electronic controller, flow of electricity - photo-voltaic panel to the batteries

HabiTec Wood Furniture for schools Industrials Angola Development Eucalyptus wood, resistance and durability 

KickStart Water pump Industrials USA Developed Low-cost, high quality irrigation pumps, allow  farmers to make their own rain

Lotus Foods Rice sales Retail USA Developed System of Rice Intensification (SRI). 3x yields while using 80-90% less seed

Global Cycle Solutions Sun King Mobile Light Retail Tanzania Development Stoves and solar Light for poor costumers, pay as you go methodology

Onergy Solar system Retail India Development Start-Up to implement renewable energies

We Care Solar Solar Suitcase Retail Tanzania Development Solar Suitcase-medical lighting, fetal monitors, charging phones/ small device

Pollinate Energy Solar Systems Retail Retail India Development Solar lanterns, cookstoves, solar fans and water filters to slum comunities.

Global Easy Water Products Irrigation system Retail India Development Low-cost micro irrigation systems for smallholder farmers in India

Empower Generation Solar products Retail Nepal Development Gives women technical training to create and grow clean energy businesses

Thrive Solar products Retail India Development  Solar lighting line/ LED based design - very high back-up time and reliable

A Little World Rural banking Financials India Development Alliances at the BoP for delivering financial services at the lowest cost

Safaricom M-Pesa Financials Kenya Development Mobile phone-based money transfer, financing and microfinancing service

Kopo Kopo Mobile money platform Financials USA Developed Extend M-Pesa to small and medium businesses throughout Kenya

Aravind Eye Hospital Eye Care System Consumer services India Development For the underprivileged of the society, services for free or at very low rates

Narayana Health Health City Consumer services India Development Netwrok of Hospitals across India, for underprivileged

Naandi: Water services Consumer services India Development Affordable service to purify drinking water at rural comunities doorstep

Echale a tu casa Affordable housing Consumer services Mexico Development  Sustainable housing solutions and financing in Mexico 

Jibuco Drinking water access Consumer services Rwanda Development  Scaling a network of locally-owned franchise owners -> Sell Drinking Water

mPedigree Heath application InformationTechnology Nigeria Development GSM phone networks in Ghana/data base/ info about manufacturers stored

M-Farm Agriculture application InformationTechnology Kenya Development Platform connects farmers/App info about product prices/Trends

60 Products 12 Industries 20 Countires 19 / 41
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From the analysis of the table, a few trends can be observed: 

• 41 out of the 60 products are developed or have as target markets the developing countries. 

• The industries analyzed are mainly related to retail, health care and consumer goods. 

  

Figure 4 - Industry Dispersion of frugal innovations 

• Most of the technology was used as a catalyzer to help solving a concrete need in the simplest 

way possible. 

• While some of the frugal innovations presented are still simple in terms of the technology used, 

there is a trend: the appearance of AFI’s.  

• In health care, most of the analyzed frugal innovations focus on the customization of solutions 

to individual cases. 

The Tata Nano as an example, is a complex product that required the collaboration of science and 

engineering to allow its commercialization. The MAC 400, from GE, is a compact electrocardiograph. It 

has a reduced production cost comparing to its pairs, it consumes less resources and is sold at a lower 

price. Being a frugal solution, the performance of its complex function was only possible due to the 

integration of technology in its production. 

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, 2017b) 

With the need of a high performance, low cost and resource conscious approach, comes the need of 

different technologies, that will bring creativity and flexibility to turn voids into solutions. Understanding 

the kind of technology that is used in current frugal solutions can help identifying possible gaps or new 

approaches that can be useful. As seen by the analysis of the table, most frugal innovations focus on 

developing countries. It would be extremely beneficial to empower the citizens from those countries, 

giving them a way to solve their needs almost on their own. Moreover, industries such as health care 

require the mass customization of parts, since in this area, every prosthetic, for example, is unique. 

Adding to this, technology is being seen as a resource to make frugal innovations less expensive for 

their target market. For these reasons, 3D printing is seen as a possibility to boost frugal innovations 

and the technology will be explored in the next sub-chapter.  
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2.3.2 – Technical Overview of 3D Printing 

 

As 3D printing is being regarded as a promising technology for the future and for frugal innovation, it is 

convenient to understand how this technology was born, the methods that are available for utilization 

today, what does it take for a 3D printed product to be successful in the market, the materials and various 

usages that can be taken, and the advantages in terms of value that this technology brings in relation 

to traditional manufacturing. As the technology is still in a very early phase of exploration, it naturally 

presents some drawbacks. 

Statistics point out that the 3D Printing market will be worth over $30 billion by 2022 (Investing News, 

2017). Additive manufacturing, which is also known as three-dimensional (3D) printing, is a somewhat 

recent manufacturing process that builds layers to create a three-dimensional solid object from a digital 

model (Birtchnell, Urry, 2013; Berman, 2012). 3D printing technology has been identified as a part of 

the digital tools that have the potential to change almost everything in the industrial paradigm. The 

market is growing sweepingly (see Figure 5).  

3D printing produces, as a result, three-dimensional objects as illustrated in Figure 6.  

 

As a start, the object intended for production is designed with the help of a 3D modeling software, such 

as CAD. This design is then converted in a digital file, written in a programing language, normally G-

Code. This transition has to happen as the programming language is the more direct way to give 

instructions to the printer. 

.  

 

Figure 5 - World 3D printing demand (Freedonia Group, 2013) 

Figure 6 - Step by step of 3D printing (Zhang et al., 2015) 
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In G-Code each line of code tells the machine to perform one action, including position (in a 3D 

coordinate system), speed, rotation, etc. Shapes are made by combining point-by-point sets of 

instructions. Even simple parts can require hundreds of lines of code, so they must be carefully put 

together to ensure the right result. 

Once the digital file is ready, fabrication is very simple, customizable and relatively quick. With slight 

modifications on the initial digital file, a new object is manufactured without extra cost and without effort 

(Maric et al., 2016). 

There are already many types of materials being used, like compounds of wood, steel, or polymers. The 

most used nowadays are polymers as their mechanical proprieties and their behavior under real 

conditions of usage can be assured, and it is a material that is present in many small, customizable 

items (Mavri, 2015). 

Moreover, 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).  

3D printing is a versatile technology, and so are the methods of obtaining these products. Figure 7 

presents a synthetized view of the different additive manufacturing (AM) methods with their brief 

description. 

 

 

Figure 7 - Main AM Printing Methods (Dilberoglu et al. ,2017) 

The success of additive manufacturing (AM) is dependent of how the printed object can be functional 

and fulfil its purpose. As AM allows customization and a lower production price, obtaining usable (and 

not only prototype) products is mandatory for industrial contexts. Commercial success will also depend 

on the properties of materials after the printing meeting the standards while the cost of production 

remains competitive. In other words, the market rise of products made via AM (the making) will happen 

when parts produced via AM confirm the intended properties and functionalities through appropriate 

measurements (Tofail et al., 2017). This relationship is illustrated in Figure 8. 
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Although a large number of plastic/polymer constituents are available for AM, some specific materials 

attract the majority of the attention from the industries (Figure 9), due to their promising characteristics 

and applications. (Dilberoglu et al., 2017). 

 

 

Figure 9 - Main materials being reserched for 3D Printing (Dilberoglu et al., 2017) 

Metals are perhaps the most common materials in engineering. Consequently, 3D printing industry 

seeks for new solutions to create metallic parts that can substitute their conventionally-produced parts. 

On the other hand, there is still much to develop, since the fabricated parts have not yet met the 

industry’s expectations. Some issues that must be resolved include production speed, favorable cost, 

improved tensile/fatigue/hardness behavior, surface quality, and homogenous microstructure 

(Dilberoglu et al., 2017). 

Smart structures have been identified as those altering its shape or material properties as an outcome 

of externally exposed conditions. Introduction of smart materials to AM industry provides advantageous 

features like reconfiguration of the printed structure and attaining the desired material property in time. 

These materials range from alloys to polymers (Dilberoglu et al., 2017). 

One of the recent application fields of smart materials is soft robotics where researchers have found out 

that the functional components with electro-active polymers can be externally stimulated to alter their 

stiffness in a controlled manner (Dilberoglu et al., 2017). 

In this new era, introduction of conductive substances for AM enables electronic circuitry to be built into 

the printed object (Dilberoglu et al., 2017). Consequently, full integration of the circuit into the object 

becomes an important topic. 

Other applications of AM, can range from alternative building materials to edible constituents in the food 

industry, to jewelry as shown in Figure 10. 

Figure 8 - The four M's of 3D printing (Tofail et al., 2017) 
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Today, AM is used in all sectors of industries from space to toy, to food, and represents a multi-billion 

dollar industry (Tofail et al., 2017).  

 

 

 

Figure 10 - Uses of 3D printing across industries Adapted (Tofail et al., 2017) 

Hasseldahl and Ballan presented, in 2016, some benefits that have been associated with this 

technology: 

• Development of new products becomes easier and cheaper. Prototypes and early iterations are 

fast and easy to make using 3D printing.  

• Working with digital files in standardized formats gives developers easy access to global pools 

of knowledge and design. Sharing. Designs can be global and manufacturing can be local — or 

vice versa. 

• Lower material costs. As the name says, in “Additive manufacturing” only the materials that are 

actually needed are used. There is no waste in the production of goods.  

• If the materials being used to print are biodegradable or made from recycled plastic, 3D printing 

could be a circular and frugal production method.  

• 3D conjugated with new materials has also showed promising possibilities, Carbon fiber printing 

can produce parts “as strong as metal and as cheap as plastic” (Hesseldahl and Ballan, 2016). 

• New roles and business models. Companies may no longer need to manufacture and distribute 

physical objects; instead, products can be sold in their digital version which users pay to 

download. 

However, today, high-quality 3D printing is expensive and slow so, in the developed world it is used 

mostly for niche productions in which a high degree of customization is required. The production time 
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can be a challenge for mass production (but Frugal Products normally don’t have production time 

constraints). Also, the range of materials is still limited. (Tofail et al., 2017).  

Additive Manufacturing has a market niche with an enormous growth potential if the main barriers to up-

take can be addressed. It is clear that advances in the technology enable producing objects faster, and 

to print these objects in much greater complexities with multiple combinations of materials, colors and 

finishes. The challenge is to get objects that are functional. A great deal of work is needed in addressing 

the challenges related to the accurate and reliable proprieties of the printed objects, to make them in a 

predictive and reproducible way (Tofail et al., 2017). 

To help exploring the potentialities of 3D printing in frugal innovation, and to understand where the value 

of this utilization might be, the next sub-chapter will explore the link. 

 

2.3.3 – 3D printing for Frugal Innovation 

 

As seen previously in the dissertation, frugal innovation can benefit tremendously with technology 

because their symbiosis creates the possibility for cheaper production and more efficient products. 3D 

printing is one of the most recent technological trends for that effect. Considering this reality, this sub-

chapter pretends to analyze the current state of the link between these two worlds and what has been 

done until now.  

In the context of physical manufacture, as said before in the problem statement, there is a trend of the 

rise of digital personal fabrication, or fabbing (Gershenfeld, 2005). This fabrication is done in small scale 

laboratories with different kinds of machines. 

Environments in which frugal innovations tend to be more valued are characterized by low and irregular 

incomes, limited education, inadequate infrastructure and fragmented distribution (Kahle et al., 2013). 

A logic linking with fabbing laboratories. For instance, free 3D printers are easily accessible using open-

source models. RepRap is a free desktop 3D printer capable of printing plastic objects and self-

replicating in the form of a kit. Rangan et al., in 2007, argued that technology is not flowing as it should 

from developed to developing countries, so this kind of project helps tackling this frugal innovation 

problem. 

A major opportunity that has been explored for this kind of technology is the interaction, collaboration, 

and self-organization of globally distributed actors to thrive in face of emerging complexities (Redlich et 

al. 2014), with the aid of open-source distribution platforms and cheaper hardware.  

There are some examples of projects binding 3D printing and frugal innovation. 

Afate Gnikou, a Togolese entrepreneur, created a 3D printer that joins leftover parts gathered from old 

computers, printers, and scanners found in local dumps (Fast Company, 2015). 

Also, 3D Life Prints, a venture targeting the needs of low-income customers of BoP, whose mission is 

to work with local institutions and international non-governmental organizations (NGOs) to give local 

amputees new chances in life (3D printing Industry, 2015). The 3D Life Print team uses basic 3D 

scanners to reproduce the exact shape of amputees’ limbs and develop new prosthetic models. This 

approach resulted in low cost hand prostheses and prosthetic leg covers for their lower-limb prostheses 

(less than $50 each). In comparison, prostheses produced using traditional manufacturing methods can 

cost up to several thousands of US dollars (3D printing Industry, 2015). 
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The Open Source Ecology is an open hardware project focused on manufacturing a set of fifty industrial 

machines, called the “Global Village Construction Set”, which it considers to be sufficient for creating a 

small civilization with modern comforts from locally available resources. The development of the 

machines is distributed across a global network of hardware hackers who share design information 

through the Internet and build prototypes, which are then tested in a farm in Missouri, USA. (Thomson 

& Jakubowski, 2012). 

 The project network was born in 2003. With fifty machines – from cement mixers to 3D printers and 

moving vehicles – which are necessary to build a sustainable modern village community. To 

accommodate the enlarged scope of work, the project was officially launched as a platform for 

coordinating the enterprise (Thomson & Jakubowski, 2012). In 2015, of the fifty machines that make up 

the Global Village Construction Set, eight had already been successfully manufactured, while the 

development of the rest was underway. By tapping into the contributions of a global community, this 

project had achieved significant cost reductions (Dafermos, 2015). To its credit, the machines built by 

Open Source Ecology have a much lower cost of production than their industrial counterparts, being at 

least eight times cheaper to manufacture (Dafermos, 2015).   

A new important trend, beyond the sharing of existing under-used assets, is their use for the 

collaborative creation, innovation and production of new products, services and other assets. Fairly used 

in the digital sector, this creation is now rapidly expanding into the collaborative innovation of physical 

goods and services. Indeed, an important driver of this trend is the process of integration between the 

physical and the virtual worlds, for example around 3D printing (Dafermos, 2015).   

One of the main drivers for 3D printing is also the trend of mass personalization for individuals, although 

a better term is arguably ‘mass customization’ as this, in principle, foresees that every service, product, 

facility, piece of content, etc., is tailored precisely to fit a very specific customer need. One of the main 

benefits of this, apart from being offered a precisely designed service or product, is that all non-relevant 

information, processes and materials are stripped away making the service as simple as possible 

(Dafermos, 2015).   

AM is not about replacing conventional mass manufacturing, which can produce thousands of identical 

parts at low cost. It is about making shapes and products which are not either possible or cost-effective 

to manufacture through conventional manufacturing (Tofail et al, 2017). In Figure 11, there is a 

comparison between the old industrial methods and SLS, one of the methods of 3D printing, as proposed 

by Tofail et al. (2017). 
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Costs have been identified as being a one of the most overburdening factors. AM machine costs range 

between 50% and 75% of total production cost whereas the cost of materials ranges between 20% and 

40% and labor ranges between 5% and 30% (Tofail et al, 2017). Reducing these costs may have a 

significant effect on the adoption of AM technologies in terms of quality, performance validation, and 

expanding size capabilities. It is seen through the performance graphic that 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. Figure 12 is a synthesis of the 

advantages that 3D printing can bring to the production of solutions, and possible gains of value that the 

adoption of this technology in frugal innovations’ production can bring. It was obtained from the 

compilation of information from this literature review.  

 

 

Figure 12 - Advantages of 3D printing in terms of value 

 

 

 

Figure 11 - Comparing old industrial production with SLA (Tofail et al., 2017) 
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 2.4 Company and Project overview 
 

3D printing and frugal innovation can be combined and bring an increase of value to both companies 

and customers. After the theoretical study, and backing of this premise, this sub-chapter will provide 

information about the practical nature of this dissertation, focusing on the overview of the company that 

was chosen as a partner for this master’s thesis, while explaining their current need of expansion and 

the solution they want to implement in a new market, that is strongly related with the evidence shown in 

the previous sub-chapters of this work. 

  

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. Integrating their core capabilities with the 

company’s vision, one of the goals of 3D Ways 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 logistical 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 innovation. Since around 35% of Ghana’s 

population is considered to be living in the Bottom of the Pyramid (BoP), with under 2 USD/day 

(International Futures – Uni Denver, 2005) and plastic waste is a true calamity in the country, with about 

1.7 million tons of plastic waste annually in the country (Ghana News Agency, 2017), there is a market 

need for a project, which transforms plastic waste into valuable products, to people who need them the 

most.  

A partnership with a Ghanaian Waste Management company is under study for implementation: After 

the installation of a process by 3D Ways, the client company can 3D print products to fulfil the needs of 

the market. Therefore, this 3D Ways project, 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 
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decreased, and IT's externalities have increased the economic and social value from one innovation.” 

The proposed solution is graphically described in Figure 13. 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 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 master dissertation. 

 

 

 

2.5 Conclusions 
 

This chapter provided a background context and analysis to Frugal Innovation. This was useful due to 

the recent appearance of the concept. After, it was shown that there is a transition to more technological 

ways of developing them. The focus was narrowed to 3D printing, with a technical overview and a link 

to these innovations, in terms of value and applications. Finally, the partner company in this dissertation 

was introduced, with an explanation on their current situation and the pretended direction. The concept 

they want to implement in a new market is introduced, and that gives the motivation for this dissertation. 

After this theoretical contextualization, a practical aspects’ research is necessary to allow the delivery 

of the output proposed for this work. 

  

Figure 13 - 3D Ways Solution 
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3. State of the art 
 

This chapter will cover, firstly, a section on business plans, 3.1. Being the main output in this dissertation, 

it is important to understand what a business plan is, what is their importance in the expansion of a 

business and what kind of structure do they normally present. After, section 3.2 will focus on business 

models. It is necessary to understand their dynamics and a noticeable direction change towards 

encompassing sustainability in BMs’ frameworks. This will enable a better theoretical understanding of 

the value proposition from the project presented by 3D Ways, and its different aspects.  Finally, in section 

3.3, a review on tools for strategic formulation is presented, to enable the construction of a well-

supported business plan and the generation of valid results for discussion 

 

3.1 Business Plans  
 

A business plan, by its definition, is a detailed plan that clarifies why the business is existing; the aims 

for the existence, client groups, products and services, financial projections, and how it intends to 

develop and deliver those services and/or products. It acts as a road map for the organization and shows 

clearly the destination it seeks and the path to follow to get there. This should also be accompanied by 

a description of the resources required to complete the entrepreneurial journey. Business planning has 

received devoted attention as a cornerstone activity that might offer sense of business environments 

and identify an appropriate course of action in light of uncertainty and missing information (Grant, 2003; 

Miller and Cardinal, 1994; Schwenk and Shrader, 1993; Shane & Delmar, 2004; Shrader et al., 1984). 

Business planning holds the promise of optimizing the use of limited resources and avoiding missteps 

that could endanger the resource-scarce SME (Ackelsberg and Arlow, 1985; Baker et al., 1993). 

According to Sahlman (1997), few areas of business attract as much attention as new ventures and one 

of the most important aspects for new ventures is a successful business plan. 

Contemporary business plan literature assumes a positive association between business plans and 

financial performance. Frequently, this positive relationship is based on an assumption that written plans 

have a positive effect on a firm's internal coordination and control (Harvard Business School, 2007).  

 

A research on the literature, as seen in Table 4, was made, to understand what are the key elements 

that are present in business plan’s structure. 
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Table 4 - Business Plan structural elements 

 

 

As it is noticeable, the core elements of Business Plans were found, as they are only some small 

variations depending on the different sources, underlining, thus, the importance of such elements in a 

well designed document. The basic premises are the same throughout the literature: A good direction 

with a mission and vision; A general overview of the external environment, macro variables, and markets 

to target; business description with a well-defined value proposition; An industry and competition 

analysis to understand how the company should act, accompanied by a marketing and sales strategy; 

A good planning of the needed schedule and team; And finally the financial projections and conclusions 

of the document. 

As an analysis on business plans was made, depicting their function, importance and structure to help 

in the further development of this work, it is now critical to understand how the proposed project can 

present its value proposition, and for that, a analysis to business models is required. 

 

3.2 Business Models 
 

From the literature, it becomes clear that the concept of Business Model, despite having different 

considerations in the definitions proposed by several authors, is directly related to understanding the 

way a company creates and provides value to its customers (Amit & Zott, 2001; Johnson et al., 2008; 

Ghaziani & Ventresca, 2005; Magretta, 2002). 

Knowing the purpose of Business Models, it is important to analyze how BM’s are built, their structure, 

and to know some of the frameworks available on this topic. 

Being Frugal Innovation a relatively new concept, it is important to understand if BM’s are also ready to 

help companies in implementing businesses in this area. 
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Traditional Business Models  

One of the most well-known BM frameworks is the Business Model Canvas (BMC), illustrated in Figure 

14. It was proposed by Osterwalder et al. (2010). It covers four large areas of a company: Customers, 

Offer, Financial Viability and Infrastructure. The framework is sub-divided into nine elements: 

(1) Customer Segments - defines the different groups of people or organizations that corporations desire 

to reach and deliver; 

(2) Channels - describes how an enterprise communicates with its target consumers; 

(3) Customer Relationship - portrays the types of relationships a firm established with its target 

Consumers; 

 (4) Value Proposition - describes a product or a service that creates value for specific customers, 

while solving their problems and satisfying their needs; 

(5) Key resources – comprises the essential assets required to make a business model work; 

(6) Key activities - defines the crucial activities needed for a company to be able to operate 

successfully;  

(7) Key Partnerships – Suppliers, partners and alliances that help the enterprise deliver value; 

Finally, in the financial viability area it is possible to characterize two core elements: 

(8) Revenues - represent the amount of money generated from each target consumer; 

(9) Costs - describe all the costs involved while operating a particular business model. 

 

Figure 14 - Business Model Canvas (Osterwalder et al., 2010) 

 

The Four – Box Business Model, developed by Johnson in 2010 (Figure 15) is an identical framework 

with similar characteristics to the BMC.  This model is constituted by four core elements. Similarly to the 

BMC, it starts with: 

(1) Customer Value Proposition - product or service that helps consumers to obtain an effective, 

convenient and affordable solution towards a fundamental problem they have been trying to solve; 

(2) Profit formula – Includes the revenue model and cost structure as the BMC, but also takes into 

account the margin model and the resource velocity needed to cover them (Johnson et al., 2008; 

Osterwalder et al., 2010). 

(3) Key resources - assets such as people, technology, products, equipment, facilities and others 

related, required to deliver effectively the value proposition; 
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(4) Key processes include - development tasks, such as training collaborators, manufacturing, planning, 

etc.  

 

Figure 15 - Four-Box Business Model (Johnson, 2010) 

In contrast with the BMC, more operational details such as business rules, metrics and norms are 

considered, since the relationship between the boxes has to be considered. However, there is a lack of 

elements that enhance a better customer relationship and satisfaction. 

RCOV Business Model is a dynamic approach, which has been developed by Demil & Lecocq (2010). 

This framework, illustrated in Figure 16, structures a consistent business model aiming to create 

sustainable performance. This model, shares the same view as Four-Box BM (Johnson et al., 2008), 

when it comes to prioritizing the relationships between its core components, instead of each element 

being analyzed on its own (Demil & Lecocq, 2010). 

Three core elements can describe this model: 

(1) Resources and Competences (RC) - concerns the required internal and external resources together 

with the abilities, knowledge and competences needed by managers to perform and improve their 

services. 

(2) Organizational Structure is needed to support firms’ activities and relationships established with 

others corporations. It includes its value chain and value network activities and relations with external 

stakeholders. 

(3) Value Proposition, similar with BMC and FBBM, represents the value created and delivered by a 

certain company to customers. 

In comparison with the Business Model Canvas of Osterwalder et al. (2010), it “avoids the disadvantage 

of assuming that the same elements are equally central or core in all the firms”, by taking into 

consideration a BM’s dynamics that changes between and within its core components. 
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Figure 16 - RCOV Business Model (Demil & Lecocq, 2010) 

 

Sustainability oriented business models 

With the rise of environmental and social concerns on top of profits and losses, the corresponding 

business models were also developed. The triple layered BMC (TLBMC), adds these two layers to the 

traditional BMC. The environmental layer of the TLBMC builds on a life cycle perspective of 

environmental impact. This stems from research and practice on Life Cycle Assessments (LCA), which 

is a formal approach for measuring a product’s or service’s environmental impacts across all stages of  

its life (Svoboda, 1995). 

The social layer of the TLBMC builds on a stakeholder management approach to explore an 

organization’s social impact (Freeman, 1984). A stakeholder management approach seeks to balance 

the interests of an organization’s stakeholders rather than simply seeking maximum gain for the 

organization itself. Stakeholders are considered those groups of individuals or organizations which can 

influence or is influenced by the actions of an organization. 

So, in this sense, this improved BMC has three frameworks, as seen in Figure 17:  the economic, the 

social and the environmental. Those are, then conjugated and brought together for a more holistic view 

of the business model of a company/product. 
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Figure 17 - Triple layered business model canvas (Joyce and Paquin, 2016) 

 

Having understood how some of the most commonly known BM structures work, the lack of deepening 

insight and investment in frugal encompassing BM frameworks is evident so far. The majority of the BM 

frameworks studied above and mentioned in the literature only evaluate the economic value proposition, 

as they focus on studying the relationships and the ways to generate profit for companies. The TLBMC 

is, then, one more step to helping businesses that bet in frugal innovations to develop their activity. 

 

3.3 Tools for Strategic Formulation 
 

This sub-chapter will present an outlook on the major components of a external analysis as well as a 

description, outputs and main construction methods of some of the most well known strategic tools. The 

main goal is to enable a informed building of the business plan proposed by this dissertation. 

External Analysis 

 

According to the National Statistical Institute of Norway (2018), Macroeconomic analysis comprises 

economic trend analysis, long-term macroeconomic projections, analysis of alternative trends as well 

as the impact of fiscal and monetary measures. 

A key for this kind of analysis are Macroeconomic indicators. Economic statistics which are released 

periodically by government agencies and private organizations. These indicators provide insight into the 

economic performance of a country or region. 
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The Organization for Economic Co-operation and Development (OECD) (2018), as a renowned 

institution, lists several of the main economic indicators that should be taken into account when 

elaborating such an analysis. Among them are: 

• Gross Domestic Product (GDP) and its growth rate, for the big picture of the economic output 

of a country and its forecasts; 

• Consumer related price information such as inflation rates; 

• Financial Statistics such as interest rates; 

• Exports data as a measure of the performance of the country’s economic trade. 

Accompanying these indicators, there is also the need for a Socio-Demographic analysis and the 

correlation with the labor markets. Factors as the population numbers, its distribution by rural and urban 

areas, unemployment rates, literacy rates and labor markets’ structure allow to obtain a bigger picture 

of the human variables of the country and the needs that are present, as well as the major hurdles and 

difficulties that a country faces, or where the potentials for employment and economic growth rest. 

Projection and simulation tools such as the International Futures simulation engine from the University 

of Denver are extremely useful for this kind of analysis. International Futures (IFs) model, is the most 

sophisticated and comprehensive forecasting modeling system available to the public. IFs uses 

understanding of global systems to produce forecasts for 186 countries to the year 2100. It provides 

data, various scenarios and macroeconomic and socio-economic actual values and their projections. 

The university works in partnership with non-governmental organizations, international governmental 

organizations, governments, and corporations to produce policy-relevant research, analyses, forecasts, 

and new analytical tools (University of Denver, 2016). 

 

Stakeholders’ Analysis 

 

The concept of stakeholder was defined by Freeman (1984) in some of the earliest work on 

stakeholders, as “any group or individual who can affect, or is affected by, the achievement of a 

corporation's purpose”. Throughout the years, broader and narrower definitions have been presented in 

stakeholder literature. The first as an attempt to demonstrate the reality that virtually anyone can be 

affected by an organization’s actions; and the latest to face the reality that managers simply cannot 

attend to all potential or actual claims, and have to prioritize some over the others (Mitchell et al. 1997; 

Reed et al. 2009). 

According to Reed et al. (2009), stakeholder’s analysis can be characterized as a process that 

1. Defines the issue which will be affected by an action or decision; 

2. Identifies the individuals, groups or organizations (i.e. stakeholders) who are affected by or can 

affect those actions or decisions; 

3. Prioritizes the stakeholders for involvement in the decision-making process. 

Therefore, facing a concrete problem that is well defined, the next important step is the identification of 

the stakeholders who have influence on the subject being analyzed. One of the techniques that is most 
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commonly used is the list evaluation stakeholders. This technique starts with an individual or a small 

group brainstorming the initial list of individuals, groups or organizations who might affect or be affected 

by the problem in discussion, i.e. the potential stakeholders (Bryson et al. 2011). The process should 

never be faced as definitive, being very important to keep in mind that other stakeholders may appear 

later on (Bryson et al. 2011), but should be faced as an important first step for stakeholders’ analysis. It 

is normally done recurring to a focus group.  A focus group (or group interview) is characterized as a 

qualitative research method where a facilitator leads a group of five to twelve pre-selected participants 

in a group interview, with the objective of understanding a wide range of perspectives (Wilson 2014; 

Lazar et al. 2017). Participants in a focus group are chosen based on the premise they share 

characteristics that are pertinent for the topic to be discussed (Wilson 2014). 

After the identification of the large group of stakeholders, they need to be prioritized. One of the most 

used tools for this effect is the Power-Interest Matrix, as this analytical categorization comes from the 

early identification in the literature of power and interest as important dimensions of the stakeholders’ 

analysis (Ackermann & Eden 2011). The plot of these two dimensions in form of a grid, as seen in Figure 

18, can provide a tool for managers to better understand their environment or to handle in a more 

knowledgeable way, with the dynamics of their stakeholders (Ackermann & Eden 2011). 

 

Figure 18 - Power-Interest Matrix. Eden & Ackermann (1998) 

 

There is no consensual definition to the concept of ‘power’ in the literature. However, as Mitchell et al. 

(1997) suggested, most definitions agree on the premise that power is “the probability that one actor 

within a social relationship would be in a position to carry out his own will despite resistance" (Weber 

1947). Regarding the concept of ‘interest’, Bryson et al. (2011) highlights that the concern, the 

responsibility and the involvement feelings are key to the “interest” definition. Interest can be positive or 

negative to the project. Meaning, high interest can come from strong supporters or from strong 

opponents (Ackermann & Eden 2011). 

 

Porter’s Value Chain 

 

Most organizations develop and utilize hundreds, even thousands, of activities in the process of 

converting inputs to outputs. Generating value to the clients. These activities can be classified generally 

as either primary or support activities that all companies must undertake in some form (Porter, 1985). 
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According to Porter (1985), the primary activities are: 

• Inbound Logistics - involve relationships with suppliers and include all the activities required to 

receive, store, and distribute inputs. 

• Operations - are all the activities required to transform inputs into outputs (products and 

services). 

• Outbound Logistics - include all the activities required to collect, store, and distribute the output. 

• Marketing and Sales – activities that inform buyers about products and services, induce buyers 

to purchase them, and facilitate their purchase. 

• Service - includes all the activities required to keep the product or service working effectively for 

the buyer after it is sold and delivered. 

Still according to the author, the secondary activities are: 

• Procurement - is the acquisition of inputs, or resources, for the firm. 

• Human Resource management - consists of all activities involved in recruiting, hiring, training, 

developing, compensating and (if necessary) dismissing or laying off workers. 

• Technological Development - relates to the equipment, hardware, software, procedures and 

technical knowledge brought to support the firm's transformation of inputs into outputs. 

• Infrastructure - serves the company's needs and ties its various parts together, it consists of 

functions or departments such as accounting, legal, finance, planning, public affairs, 

government relations, quality assurance and general management. 

The value chain model was developed by Porter to ensure that a company is aware of all the types of 

activities that generate value through the all processes of transformation and to highlight the need and 

put in a clear way the intercommunication between all the areas of activity. 

 

SWOT Analysis 

 

A SWOT Matrix is a strategic tool used to do the link between the strengths and weaknesses of a 

company or project  in an analysis of their internal capabilities and the opportunities and threats explored 

in an analysis of the environment as external factors (Johnson et al., 2017). This analysis can also be 

useful as a basis for generating strategic options and assess future courses of action. 

The aim is to identify the extent to which strengths and weaknesses are relevant to, or capable of dealing 

with, the changes taking place in the business environment (Johnson et al., 2017). 

 

 A SWOT exercise can generate very long lists of apparent strengths, weaknesses, opportunities and 

threats, whereas what matters is to be clear about what is really important and what is less important. 

So prioritization of issues matters. Three brief rules can be helpful here (Johnson, G. et al., 2017). First 

the company should, focus on strengths and weaknesses that differ in relative terms compared to 

competitors and leave out areas where the organization is at par with competitors. Second, focus on 

opportunities and threats that are directly relevant for the specific organization and industry and leave 

out general and broad factors. Third, summarize the result and draw concrete conclusions.  
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Porter’s 5 F’s 

 

In his paper from 1979 called “How Competitive Forces Shape Strategy”, Michael Porter defined the five 

competitive forces that determine the attractiveness of an industry, they are influenced by several factors 

and below is an adaptation of the explanations of the author: 

 

Threat of entry 

New entrants to an industry bring new capacity, the desire to gain market share, and often substantial 

resources. This threat depends on economies of scale, as economies of scale are a burden to 

entrances, the new-comer has to bet on a large scale or to accept a cost disadvantage. It also depends 

on brand identification as the new entrants have to face well established brands. Also, the need to invest 

large financial resources in order to compete creates a barrier to entry, mostly if the capital is essential 

for costs that cannot be recovered in up-front advertising or R&D. Government policies can also play a 

role as the government can limit or even close entry to industries with such controls as license 

requirements and limits on access to raw materials. Finally, this force can be influenced by the access 

to the distribution channels because they can be already saturated by the existent competition. 

 

Power of Suppliers 

Suppliers can have bargaining power over participants in an industry by raising prices or reducing the 

quality of offered goods and services. Powerful suppliers can limit the profitability out of an industry, that 

is left unable to recover cost increases by adjusting own prices. 

 

Power of Buyers 

A group of buyers can be powerful if they buy in large quantities, therefore negotiating the price they are 

willing to pay. If the companies provide undifferentiated products, the buyers can also switch to a 

competitor. 

 

Substitute Products 

By placing a ceiling on prices it can charge, substitute products or services limit the potential of an 

industry. Unless it can upgrade the quality of the product or differentiate it somehow (as via marketing), 

the industry will suffer in earnings and possibly in growth. 

The more attractive the price-performance trade-off offered by substitute products, the more limited is 

the industry’s profit potential. 

 

Internal Rivalry  

Rivalry among existing competitors takes the familiar form of competing for position—using tactics like 

price competition, product introduction, and advertising fights. 

 

All of those forces are summarized in a tool, represented in Figure 20. 
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Figure 19 - Porter's 5 Forces. From Porter (1979) 

 

 

After the Forces are analyzed in the face of the concrete case, there should be the design of a plan of 

action that may include (1) positioning the company so that its capabilities provide the best defense 

against the competitive force; and/or (2) influencing the balance of the forces through strategic moves, 

thereby improving the company’s position; and/or (3) anticipating shifts in the factors underlying the 

forces and responding to them (Porter, 1979). 

 

3.4 Conclusions 
 

This chapter provided a strong support for the elaboration of the business plan for 3DWays. First, by 

providing a clear idea of the purpose and importance of business plans for strategic purposes, as well 

as a collection of the more used structures for the document, in the literature. Secondly, the value 

proposition of the company’s project had to be well delineated and thought of. As so, a linking of 

Business Models with sustainability was of strong importance. Finally, it was important to have a good 

theoretical support about the tools and analysis that are relevant for business plans, in order to develop 

a good research methodology. 
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4. Research Methodology 
 

After the literature review regarding Frugal Innovation (section 2.2), 3D printing (section 2.3), Business 

Plans (section 3.1), Business Models (section 3.2) , and tools for Strategic Formulation (section 3.3), it 

is necessary to define the research question to be answered in this work: 

(1) What could be an appropriate business strategy and plan for the entrance of 3D Ways in 

Ghana? 

In order to answer the previous question, the following methodology was, thus, undertaken. 

 

Table 4, in the literature review, presented the main elements that are the core elements of a good 

business plan, according to the nine analyzed sources. Among them are consultants (Forbes, 2018; 

McKinsey 2018), governmental entities (UK’s Government, 2018; Australian Government, 2018) and 

authors of papers and book chapters (Tanev & Hansen, 2016; Khor, E., 2014; Nelke, M., 2012; Duening 

et al., 2015; Wormell I. et al, 2011; Annachimo, M. 2015). Having by basis the elements and tools listed 

in Table 4, the proposed structure for the business plan is presented in Figure 20.  As the proposed 

business concept (view section 2.5) requires the exploration of a new market for the company, with 

context specific challenges (view section 2.2), a mission and vision statements are useful for a clear 

definition of the scope and long-term views of the company in those markets (Element 2). After, a 

thorough examination of the external factors that can influence the business success is carried, with a 

market analysis that studies the Macroeconomic and socio-demographic context, exploring the potential 

markets to target and the main macroeconomic conditionings and risks (Element 3). Understanding the 

positioning to take and the external influences of the specific market, the business is described (Element 

4). Adding to this, the description is complemented with a stakeholders’ analysis to understand who the 

key players are for the success of the endeavor and how to communicate with them. This description of 

the main steps of the process from raw material to delivered value, will be the building block for the 

structuring of the business model (Element 5). This is done by organizing the input of the business 

description into a standard business model frame (view section 3.2), clearly evidencing the value 

proposition of the project as well as the key activities and cost/revenue structures. Knowing this 

information, analytical tools are used to systematize the information (Porter’s Value Chain), and allow 

the clear identification of the strengths, weaknesses, opportunities and threats for the project (SWOT), 

utilizing the outputs of all previous elements. Having the external factors and business model well 

studied and defined, it is of extreme relevance to understand the revenue potential from each customer 

segment that was selected, through concrete projections to deliver to the potential investor. Moreover, 

a sales strategy must be defined as well as a strategy for dealing the industry specific challenges, such 

as competition and barriers to entrance (Element 6). Finally, as a wrap-up for the document, there are 

the practical issues for the implementation of the project, regarding the implementation team, timelines 

and the estimation of financial elements and funding requirements (Element 7). All of this information 

must be summarized in the Element 1, an executive summary, designed as a pitch of the whole 

document. 
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Figure 20 - Business Plan's main structure 

It is important to detail how each element was constructed, the methodologies involved and the 

theoretical support behind the document. This allows to evidence the expected outputs of each element, 

as well as the assessment of the quality of the final output. 

Element 1: Executive Summary 

The main objective of an executive summary is to attract 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 et al., 2017) there 

are several criterions to have into account when writing a good mission and vision statements. Hence, 

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 

1: Executive Summary

2: Mission and Vision 
Statements

3: External Analysis

4: Business Description 
and Stakeholders’ Analysis

5: Business Model 
Structuring

6: Internal Environment, 
and Demand

7: Financial Elements

8: Conclusions

Business Plan’s 
Elements
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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 presented in  

Table 5, respecting the literature.  

 

Table 5 - Market Analysis Dimensions 

 

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 of 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 art of economic analysis requires a base of tacit knowledge that includes a sense of knowing what 

data are important, how to analyze them and how to piece together what is found into a coherent story 

(Cortright & Reamer, 1998).  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, therefore it is 

relevant to perform an analysis that can lead to a solid indicator selection. Since the evaluation of the 

potential of a country’s market requires a global perspective the amount of data necessary from different 

sources is considerable, this study will cover only the most important indicators from Table 6, as the 

complexity of analyzing all of them would be extremely time consuming.  

Dimension References

Macroeconomic 

Environment

(Ablett et al , 2007; Chatterjee et al. , 2010; Hattingh et al. ,

2012; Robinson and Oss , 2012; Mohr et al. , 2013; EY, 2015; Kardes , 

2016; Gruss  et al ., 2017; Wi jeratne et al. , 2017)

Socio-

demographic

Environment

(Chatterjee et al. , 2010; Hattingh et al. , 2012; Kardes , 2016; 

Adomaitis  et al. , 2017; Gruss  et al , 2017; Wi jeratne et al. , 2017)

External 

Environment

(Ablett et al , 2007; Chatterjee et al. , 2010; Robinson and

Oss , 2012; EY, 2015; Camacho, 2016; Gruss  et al , 2017;

Wi jeratne et al. , 2017)

Market Sectors

(Ablett et al , 2007; Chatterjee et al. , 2010; Robinson and

Oss , 2012; EY, 2015; Gruss  et al , 2017;

Kupel ian, 2017; Wi jeratne et al. , 2017)
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Table 6 - Macro-Economic, Socio-Demographic and Market indicators in the Literature 

 

 

Values for some of these indicators were then retrieved, having by basis this table and the section 3.3 

of this document (GDP, Inflation, Level of Gross Debt,  Exports, Interest Rate, Population Growth, 

Unemployment and Illiteracy Rates, Share Market Sector and Growth by Sector) considering the same 

temporal 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. Chapters 2.3.1, 2.3.2 and 2.3.3 were used 

as a theoretical support for the advantages of IT and frugal innovation’s integration with 3D printing. The 

desired output for this element is a clear comprehension of the processes involved in the project, the 

technological needs, the final outputs provided by the solution and the markets and customer segments 

that are targeted. 

 

Dimensions Indicators 

(Wijeratne 

et al. ,

2017; 

Kardes,

2016)

(Kupelian,

2017)

(EY,

2015)

(Ablett et

al , 2007)

(Gruss et

al , 2017)

Macroeconomic

Environment
GDP Growth x x x x

Inflation (CPI) x x x x
Level  of Gross  Debt

(%GDP) 
x x x

Private consumption x x x
Interest Rate x x x
Foreign Direct 

Investment

(FDI) 
x x x

Household income x x x

Exchange rate x x x

Population Growth x x
Urbanization x
Distribution of income

classes  
x x

Unemployment rate x x x
I l l i teracy rates  x

Li fe expectancy at bi rth x

Market Sectors Share of market sector x x x x x
Growth by sector x x x

References

Socio-economic

Environment
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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 (3.3.) was utilized. A Focus Group meeting on 6/7/2018 was of extreme relevance (see Table 7 

for details). 

• First, a listing of the major players was done in a focus group by narrowing the player groups to 

three categories: Government entities, since the project could have a national interest, NGO’s 

for the helping of the early boosting of the project and because of the frugal component, which 

privileges local community contacts as seen also in the literature review, and potential players 

that could compete with the proposed solution. 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, which follows the structure, 

adapted from (Smith, 2000), in order to allow an easier and more direct extraction of relevant 

information. 

 

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). This business 

model has been the only standard business model, so far doing the link between the economical and 

the two remaining pillars of sustainability, the environmental and the social (see section 3.2). 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, the value provided by the BMC is to present how 3D Ways 

will run the business in terms of each sustainability pillar, in a clear, schematic and concise way. 
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Porter’s Value Chain  

Understanding the value proposition proposed in the BMC, this tool (Section 3.3) is useful to depict 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 

designed by Porter (1985) was, then, built. 

 

SWOT Matrix 

Having understood the value proposition of the project by filling the areas of the triple layered business 

model canvas (TLBMC) (Joyce and Paquin, 2016), 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 as they should allow a larger 

scope observation of trends and factors that are relevant to the project and can impact it either in a 

positive or negative manner. A Focus Group contribute was of extreme relevance to determine this 

analysis, in the meeting that took place on 13/7/2018 (see Table 7 for details). 

 

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. 

The scenario method has been widely used by decision-makers in business, industry and government 

for over thirty years as an unparalleled technique to learn about the future. Scenario building offers a 

methodology for understanding the whole range of possibilities that present themselves in the fields of 

management and marketing, and the valuations that result, to organizations and agencies of all kinds 

(Ratcliffe, 2000). 

There were two main customer 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 (Section 2.2), data regarding the 

number of B2C customers in the specific market was retrieved, having into consideration a long temporal 

spectrum (Section 3.3 – External Analysis). 

Then a scenario analysis of consumption was defined, based on the average cost of a 3D printed plastic 

product (3D Ways) and on variating purchasing patterns 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. Still according to the institute, this scenario analysis provides several benefits:  

• gives investors a peek into the expected returns and risks involved when planning for future 

investments.  
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• Companies can avoid or decrease potential losses that result from uncontrollable factors by 

being aggressively preventive during worst-case scenarios, analyzing events and situations that 

may lead to unfavorable outcomes. 

• the analysis makes use of tools to calculate the values or figures of potential gains or losses of 

an investment. This gives concrete, measurable data that investors can base the approaches 

they take for a better outcome. 

Finally, the sales revenues were estimated, having into consideration each of these scenarios. 

 

For the B2B segment, the main market sectors defined earlier, were evaluated by two criteria:  

• Potential of impact of 3D printing, according to reports from consulting groups (Forbes, 2018; 

PWC, 2017; BCG, 2018); 

• 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. This section should provide 

as an output, the financial expectations from each of the main customer targets for the next years, as 

well as a preliminary sales approach method for each of those groups. 

 

Porter’s 5 F 

Porter’s 5 F tool (Porter, 1985) (section 3.3) 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 (see Table 7). 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 (Gantt, 1910) whose activities’ 

distribution was agreed upon after several meetings with 3D Ways’ CEO. According to the company the 

project’s milestones were defined 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, an internal structure was proposed having into account the best 

way to link the operational and the technological aspects of the project. The state of the art of this 

dissertation showed that frugal innovation benefits from the link to technological solutions. As such, the 

project team will have to primarily focus on a smooth connection between the operational efficiency and 
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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 

 

According to (Garret, 2013), when an investor is considering the merits of an investment or business 

project, the investment or project will normally require an initial outlay and possibly other outlays in 

future, which will be followed by receipts. Still according to the author, the estimation of the cash inflows 

and outflows associated with a business project usually requires considerable experience and judgment, 

and all relevant factors should be considered. It is often prudent to perform calculations on more than 

one set of assumptions, for example, based on ‘optimistic’, ‘average’, and ‘pessimistic’ forecasts, 

respectively. Lester (2017) argues that the investment appraisal, which is a part of the business case, 

will, if properly structured, improve the decision-making process regarding the desirability or viability of 

the project. It should examine all the realistic options before making a firm recommendation for the 

proposed case. 

Three main financial indicators were calculated to allow this investment appraisal, after the cash inflows 

and outflows were determined: 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; 

• Determine the scope of evaluation, in years, for the project; 

• Build the Cash-Flow by year table; 

• Determine the discount rate for the NPV calculation. 

• Apply the IRR formula. 

 

It is important to explain with some depth, how the discount rate was calculated and the details in the 

IRR calculations: 

• A company has two primary sources of financing – debt and equity – and, in simple terms, the 

weighted average cost of capital (WACC) is the average cost of raising those funds. It is used 

to give a solid approximation of a discount rate to be applied to the NPV formula.  WACC is a 

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 offered by Finance 3.1, 

specialized in financial modelling. It is, therefore, an approximation (WACC Expert, 2018).  

• The IRR is the discount rate that causes the NPV to be equal to zero. It is the maximum discount 

rate that would allow the project to be viable.  

In the end, a sensitivity analysis to the NPV was made, based on the variation of the discount rate, to 

ensure the robustness of project and account for unpredicted variations in the discount rate. For this, 
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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). 

It may be useful to a decision maker to have some indication of how sensitive an alternative might be to 

the changes in one or more variables (Bris, M., 2007). 

 

Focus Group 

 

The input for the strategic tools used on the Business Plan (Stakeholder’s Analysis, Porter’s Value 

Chain, Porter’s 5 Forces, and SWOT Matrix) was obtained through a series of Focus Group meetings 

conducted with present members and video-conference. An IST student, the author of the dissertation, 

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 MIT professor, an IST professor and the 

former owner of a 3D Printing company in Pune, India. Four focus group meetings were undertaken, 

and the scheme is represented below in Table 7. 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. 

Table 7 - Focus Group Schematization 

 

As a finishing note to this methodology, it is important to point out that, while established companies 

seem to focus on executing their business models according to their initial plan, start-ups are operating 

in a search mode, looking for a scalable business model around which to develop their plan (Blank and 

Dorf, 2012). Therefore, the following chapter presents a proposed document in accordance to all that 

was developed in this master’s thesis, that can be subjected to changes, if the market or business 

conditions change with time. 

  

Date Objective Questions

06/07/2018 Stakeholder Identification and prioritization

Who are the key Waste Management players in Ghana?; Is 

there any governmental or institutional entity that can 

influence the project ? ; Is any partnership with an NGO 

suitable?

13/07/2018 Swot Matrix development

Facing the proposed project, what are the main internal  

strenghts and weaknesses, and the external threats and 

oportunities involved ?

20/07/2018 Industry analysis

Is there any current treath of a product that could replace 

the proposed business model ?; Do you think the project 

will face pressure from suppliers/buyers? If yes, why?; 

Facing the proposed project and the industry's standards, do 

you think any new player is expected soon ? Why?

27/07/2018 Risk Evaluation for the application of the Business Plan
What can go wrong in this project? ; How would you propose 

to deal with the issue ?
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5. Business Plan 
The present section will present the Business Plan for the 3D Ways project, with all of the elements 

developed by the candidate, based on the proposed methodology. 3D Ways is installing the production 

service in a client company: a waste management company in Ghana. Therefore, this Business Plan 

will act as a tool in the negotiations for the expansion of 3D Ways to the country, in collaboration with 

the client. All of the financial elements, analysis on the environment and tools are, thus, from the client’s 

point of view. Some steps of the methodology can be succinctly explained again as the targeted reader 

is the client, who is an investor in the project. 

5.1 Executive Summary 
The old society paradigm was based on the production and consumption of goods in a purely linear 

way- Linear Economy (Ellen MacArthur Foundation, 2016). The premise of this model relies on the ‘take-

make-dispose’ (Ellen MacArthur Foundation, 2016). Governments are starting to realize that the current 

model imposes threats to welfare and wellbeing of society (Wijkman and Skånberg, 2015). Moreover, 

the amount of produced waste is creating a growing apprehension (Lieder and Rashid, 2016) while the 

model ‘take-make-dispose’ is approaching its physical limits (Ellen MacArthur Foundation, 2016). Plastic 

represents a threat to Ghana’s population wellbeing as 1.7 million tons of plastic waste are being 

generated annually in Ghana (GhanaWeb, 2017). It is estimated that less then 2% of it is recycled and 

the Centre for Scientific and Industrial Research (CSIR) estimated that $315,789,474 could be saved 

per year through the recycling of plastics (Ghanaian Times, 2013). The capital city, Accra, alone 

produces 300 tons of plastic waste in a day (Qz News, 2017). The goal is to pass from this linear model 

of economy to a circular model of economy where every “waste” becomes an asset. A future where all 

products at the end of their primary use are recovered and either reused, remanufactured or recycled, 

having also into consideration the social benefits to the population, when possible. Poverty, especially 

in developing countries, leads to billions of people who still have basic needs (Prahalad and Mashelkar, 

2010).  Ghana has currently about 10M people living in the bottom of the pyramid, with less than 2 USD 

per day (International Futures, Uni Denver, 2018).  Mentioning children in the developing world, millions 

do not have adequate shelter, access to safe water and access to basic health services (UNICEF, 2005). 

Frugal Solutions, which are solutions that produce more with less for more people (Prabhu J., 2017), 

come up with new affordable ways to solve the needs of the underserved segment efficiently. These 

solutions are developed through a sustainable business model which is cost-effective, minimizes 

environmental impact and enhances social value in the entire value chain. Technology can definitely be 

one of the main boosters of frugal innovation. 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 (Rao, 2017). 3D printing allows an unprecedented flexibility: with slight 

modifications on an initial digital file, a new object is manufactured without extra cost and without effort 

(Maric et al., 2016). It has, also, currently the capacity of using thermoplastics as raw material and it 

generates almost no waste during the production process. Moreover, in order to achieve the BoP 

consumers, 3D printing provides a low-cost production, achieving affordable prices. 3D printing is a 

state-of-the-art technology in rapid growth: statistics point out that the 3D Printing market will be worth 

over $30 billion by 2022 (Investing News, 2017). As a consequence, a short-term downfall of fixed costs 
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related to the technology is expected (cost of printers). In 2015 alone, more than 278,000 3D printers 

valued under $5000 were sold globally (3D Hubs, 2017). Ghana is understanding the potential of 

technology in society. With their program Vision 2020 in implementation, the government targets “the 

use of science and technology to rapidly address Ghana's development improving the quality of life for 

all, and at the same time maintaining the integrity of the environment” (GhanaWeb, 2014). 3D Ways is 

a Portuguese start-up working with well-known clients in Portugal, in areas as diverse as retail and 

dental medicine. This experience is translated in successful projects and perspectives of growth. This 

3D Ways project comes as the perfect binder of all these aspects. The integration of the aforementioned 

concerns and solutions lead to a research and market gaps, where plastic should be transformed into 

valuable frugal products, through a high tech 3D printing system. Summing up, the presented project 

targets to tackle major problems: 1) Transitioning from a linear economy to a circular economy, solving 

the problem with the excessive waste generated by turning unrecycled plastic into 3D printing filament; 

2) Tackling the needs of the underserved consumers, through frugal solutions, for developing countries 

by taking advantage of the flexibility and the environmental benefits of 3D printing production. The 

proposed concept would allow the design of a wide range of products, as well as the rapid monitoring 

and control of the various printing sites that are centralized in terms of information. At the same time, 

the project can help Ghana with a waste valorization issue, poverty reduction and economic leverage 

through the creation of local jobs and education of the population. This project expects a payback period 

between 1,4 and 2,3 years, and delivers a ready-to-use solution to the final client. The requested 

investment from the client is 2,506.250€, adding a monthly fee of 26 708, 33€. The project shows a NVP 

ranging from 1,8M to 5,4M euros, exhibiting an IRR ranging from 22% to 56%, all considering two 

different proposed scenarios to be analyzed in detail through the document. 

5.2 Mission and Vision Statements 

Mission 

The 3D Ways mission in the emergent markets is to turn waste into valuable products, using state-of-

the-art technology, through the involvement of local talent and providing solutions for a wide spectrum 

of sectors such as healthcare, transportation, retail or manufacturing. 

Vision 

3D Ways vows to become a world-wide connected grid of manufacturers of 3D-printed B2C and B2B 

products, which will help eradicate both poverty and waste in the world.  

5.3 External Analysis 
It is mandatory to understand the context in which this business is going to be implemented, in this case 

Ghana’s conditions. The exploration of a new market requires a careful analysis of the main trends and 

variables that can affect the success of a project. Therefore, in the following points, Ghana’s conditions 

are explored through the Macroeconomic analysis, the Socio-Demographic aspects are considered and 

after, the main potential markets are defined, according to an analysis to the economic sectors. 

Macroeconomic Environment 

Ghana presents a GDP of $60,38 Bn (International Futures – Uni Denver, 2018). The country’s economy 

has been growing considerably with a 8,5% growth in 2018. According to the “World Development 

Report 2018” (World Bank, 2017), this makes Ghana the fastest growing economy in the world. This is 
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an excellent indicator for business development, although this indicator is expected to gradually slow its 

growth rhythm to 5,6% in 2020, as it can be seen in Figure 21 (International Futures – Uni Denver, 

2018). 

  

Figure 21 - GDP growth in Ghana (International Futures – Uni Denver, 2018) 

The most common way of calculating the GDP of a country is the expenditure method, which consists 

in adding the country’s total consumption (citizens, public and private companies), investment, 

government spending and net exports. The GDP growth of Ghana’s economy is, therefore a major 

economic sign that there is an opportunity for new businesses, which propels also the demand for new 

jobs and foreign investment.  

The inflation in the country is high, expected to set at 8,73% by the end of this year (African Economic 

Outlook, 2018). As a measure setting a comparation, Ghana’s neighboring countries, Togo, Côte 

D’Ivoire and Burkina Faso have inflation projections of respectively 1,88%, 1,77% and 2,86% for the 

same period (African Economic Outlook, 2018). This high inflation rate carries some associated risks to 

enter the market. Inflation brings associated a long term decrease of purchasing power, as the country’s 

currency loses value steadily over time. This leads to a short term consumption rise, as there is a urge 

to spend now, before the currency loses value. This, by itself, floods the economy with more money that 

is not valued at the moment, which leads to more inflation. As such, it is important to have a balance in 

inflation rates: somewhat high inflation rates to promote consumption, but they need to be controlled to 

avoid an escalation, given that hiper-inflation can bring about major economic turmoil and the steep 

decrease of purchasing power for the country’s population. Despite Ghana’s inflation rate being high, 

the tendency is to stabilize on 8%, until 2020, as represented in Figure 22  (African Economic Outlook, 

2018). 
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Figure 22 - Inflation projections in Ghana (African Economic Outlook, 2018) 

The exports in Ghana have been growing since 2010, with some short periods of decrease (2012-2014) 

as Figure 23 illustrates. According to the latest data available, exports have been set at 17,4Bn $ in 

2016 (International Futures – Uni Denver, 2018). This shows that Ghana has already export channels, 

which can be explored and potentiated. Exports facilitate international trade and stimulate domestic 

economic activity by creating employment, production and revenues. 3D printing is a revolution also for 

these numbers, as it gives the opportunity to the local community and businesses to develop products 

inside the country, with very little need of raw resources. 

 

Figure 23 - Exports in Ghana (International Futures – Uni Denver, 2018) 

Socio-Demographic Environment 

Ghana, former Gold Coast, has currently about 29M habitants, and this number is expected to grow up 

to 37M in 2030 (International Futures – Uni Denver). Figure 24 represents the population projections 

until 2030. The increase in the population leads to a growing market potential of final consumers for 

frugal products. 

 

Figure 24 - Population in Ghana (International Futures – Uni Denver, 2018) 

Rapid population growth causes strain on educational systems and local economies. It can be a 

challenge to any government, bringing with it overcrowded schools, congested logistic routes and 

stratospheric housing costs. The reality is that as the size of any population expands, governments must 

build infrastructures as soon as possible. Failure to do so results in per capita declines in living 

standards. In already economically strained nations, physical goods such as roads, bridges, water 

supplies, sewers and electricity systems are crucial, but scaling-up educational, public health and 
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security systems are also required. Unemployment, instability and entrenched poverty are expected if 

such measures are not taken (The Guardian, 2016). 

This growth will be primarily felt in the major urban areas (16M up to 25M- see Figure 25) and rural 

population will decrease (see Figure 26) (International Futures, 2018). Moreover, the lack of 

infrastructures and basic day-to-day objects leads to a potentially huge market for frugal products (Soni, 

2013). 

In Accra alone, the population is expected to grow from 2.6M to 3.2M in the same time period. 

(International Futures – Uni Denver, 2018) as represented in Figure 27. 

 

Figure 27 - Population in Accra (International Futures – Uni Denver, 2018) 

This population growth expands the market for frugal opportunities and business developments 

regarding housing, manufacturing, infrastructure building and healthcare, Ghana has currently about 

10M people living in the bottom of the pyramid, with less than 2 USD per day (International Futures – 

Uni Denver, 2018).  This number, according to the projections will remain stable until 2030, even though 

the country’s population is increasing, fact that indicates a poverty reduction. As represented in Figure 

28, unemployment rate has been relatively constant, exhibiting a small growth from 2,2% to 2,4% 

between 2014 and 2017 (Trading Economics, 2018). Note that these statistics provide the official rate 

but, as detailed later in the document, a large majority of the working force in the country is in informal 

working conditions, meaning that most of the unemployment cases are not even eligible for the 

appearance in his statistics. The dimension of the problem in Ghana is much bigger than the evidenced 

here. 
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Figure 25 -  Urban Population in Ghana (International 
Futures – Uni Denver, 2018) 

 
 

Figure 26 -  Rural Population in Ghana (International 
Futures – Uni Denver, 2018) 

16,61 17,89
21,39

25,2

0

10

20

30

2018 2020 2025 2030

U
rb

an
 P

o
p

u
la

ti
o

n
 -

G
h

an
a 

(M
ill

io
n

s)

Year

12,86 12,87 12,62 12,07

0
2
4
6
8

10
12
14

2018 2020 2025 2030
R

u
ra

l P
o

p
u

la
ti

o
n

 -
G

h
an

a 
(M

ill
io

n
s)

Year



48 

 

 

Figure 28 - Unemployment rate in Ghana (Trading Economics, 2018) 

In addition to this major problem, 40,1% of the youth in the age group of 15 – 35 have no education 

while only 3,8% have acquired a tertiary educational qualification (Ghana’s Statistical Service, 2017). A 

Youth population analysis further shows that more than half (57%) of the youth living in rural areas had 

no education compared to 26.3% of their urban counterparts (Ghana Statistical Service, 2017). This fact 

points out the need for employment creation with simple solutions that allow to hire employees with low 

education backgrounds and provide them a fair pay, which will then allow them to get means of survival 

and eventually to progress in their studies. On the other hand, as the working-age population is expected 

to increase from about 17M up to 23M in 2030 (International Futures – Uni Denver),  as can be seen in 

Figure 29, and the literacy rates are increasing substantially (International Futures – Uni Denver), as 

visible in Figure 30. this rises the challenge to increase qualified and technology related jobs throughout 

the country. 

 
 Figure 29 - Working-Age Population In Ghana 

(International Futures – Uni Denver, 2018) 
 

Figure 30 - Literacy rate for >15 y.o in Ghana 
(International Futures – Uni Denver, 2018) 

 
Hence, there is very high relevance on betting in technological programs and development along with 

the population awareness and the promotion of the job market.  As a larger picture, in 2015, from the 

working-age population of about 13,7M, only 9,2M were employed. This means that the remaining 4,5M 

were either unemployed or unwilling to work (Ghana’s Statistical Service, 2017). Furthermore, the 

majority of the currently employed population have vulnerable employments (own account workers and 

contributing family workers), this dramatic scenario can be seen in Table 8. About six million of the 

employed persons in 2015 were self-employed workers (Ghana’s Statistical Service, 2017).  
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Table 8 - Precariat of jobs in Ghana (Ghana’s Statistical Service, 2017)

 

Adding to the information present in Table 12, Ghana’s Statistical Service pointed out that, in 2017, 90% 

of the currently employed population, and older than 15 years old, are in the informal sector of activity, 

with no regulation. An informal work situation means the employee is provided little or no job security, 

doesn’t have a contract and might not have the same employer for more than a few weeks or months.  

This fact presents another great opportunity for the creation of sustainable, value-adding driven jobs in 

the country’s economy, along with population education programs. (Ghana Statistical Service, 2017). 

One concern that makes the country not so safe to invest in, is the high ratio of debt-to-GDP, which has 

been of about 72% in the last years (Focus Economics, 2017). A high debt-to-GDP ratio may make it 

more difficult for a country to pay external debts and may lead creditors to seek higher interest rates 

when lending. Hence, Ghana’s interest rates have been considerably high, of 18%, in 2018 (Bloomberg, 

2018). As for-profit repatriation, the policy in Ghana is a 8% tax in a 30 days period after the profits were 

declared (PWC, 2018). 

Concluding, it is useful to present the main outputs of this section, evidencing the major macroeconomic 

opportunities and risks for a business investment in Ghana at this time: 

As opportunities: 

• A rapidly growing GDP, evidencing a thriving economy to invest in; 

• Exports channels are working, which can be a sign of a market that is open to external 

partnerships; 

• Housing and infrastructural needs due to the population’s rapid growth. 

As Risks: 

• High debt-to-GDP ratio, as it could indicate tendencies for the delay in payments;  

• Considerably high interest rates (even though decreasing) of 18%, reflecting the insecurity 

of some investors regarding the decision of investing in Ghana; 

• 8% of profit repatriation, a taxation to external companies investing in the country.  

 

Economic Sectors 

Ghana has three major sectors of economic activity: agriculture, industry and services. Agriculture has 

been losing influence and, industry and services have been gaining relevance (see Figure 31). This 

might be intimately connected with the country’s heavy bet on technology and the development of the 

manufacturing companies as part of the program Vision 2020. Vision 2020 is a program designed by 

the Ghanian government to promote “the use of science and technology to rapidly address Ghana's 

development improving the quality of life for all, and at the same time maintaining the integrity of the 

environment” (GhanaWeb, 2014). One of the most important pillars of this program is the 

decentralization of Ghana's public administration system to the district level, fact that will make possible 
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for Districts to take responsibility for their development programs and resources in line with the Vision 

2020’s financing budget (GhanaWeb, 2014).  As the population is given access to more qualified jobs, 

the services and industry sectors tend to gain influence over the more low-skilled jobs as agriculture. 

 

Figure 31 -  Sectors share in Ghana (Statista, 2017) 

 
There are considerable differences as for the predominant activity sector according to the demographics 

of the country. In the rural localities, skilled agricultural, forestry and fishery work is the main occupation 

for the employed (employing 2,537,466 of those in current employment), as service and sales is the 

main occupation for those in urban localities, engaging 1,792,906 (Ghana’s Statistical Service, 2017). 

Agriculture 

The country has a considerable area of Agricultural land. As it can be seen in Table 9  about 56% of the 

land is explored by agricultural activities, exploring crops of Cocoa, Timber and Horticultural products. 

As for the main imports, they consist on wheat, Rice, Chicken (frozen), Milk and fish (Ghanaian Ministry 

of Food and Agriculture, 2015). Table 10 shows the main sub-sectors that contribute to the performance 

of Ghana’s agriculture. 

Table 9 - Agricultural land usage as a relation to total land, in Ghana (Ghanaian Ministry of Food and Agriculture, 2015) 
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Table 10 - Main sub-sectors contributing to the agricultural GDP (Ghanaian Ministry of Food and Agriculture, 2015) 

 

The main challenge that the Ghanaian agriculture sector faces is the land ownership issue as the land 

is mainly communally owned by families. However, this main risk is being addressed through a 

commercial agriculture project, which assists in securing land for commercial farming. Additionally, 

inadequate credit facility, poor storage facilities, poor agriculture practices, inadequate feed for livestock 

and irrigation facilities among others constitute major challenges to the sector (Danish Embassy of 

Ghana, 2013). Most of these challenges can be solved with the introduction of technology in the 

agricultural sector, under diverse ways such as, new machine parts, new production techniques deriving 

from those new parts and education of the local farmers on technological aspects. 

Industry 

Manufacturing is one of the biggest investments in Ghana to support the transition from an oil-based 

economy to a technology-based economy. 

Ghana has been giving relevance to its automotive industry, more specifically to car manufacturing. This 

fact can be verified by the construction of its first self-assembled automobile by the Ghanaian automotive 

company "Suame Industrial Development Organization" (SMIDO). The Suame Industrial area is a 

former industrial site for car manufacturing, that is now converted into a collaborative open-air fab-lab, 

that employs about 200.000 people. The relevance of 3D printing tools introduced in this context is self-

evident.  They are now focusing, since 2014, in the construction of Ghanaian urban electric cars. Indian 

automotive companies Mahindra & Mahindra Limited and Mahindra & Mahindra Ghana Limited have 

also set up assembly plants across South Ghana to service western Africa and the African continent 

and set up of service centers on a 3.8-hectare (9.5-acre) plot in Accra (The Times of India, 2013). The 

government, with the project Vision 2020, has been promoting the integration of technology in 

manufacturing, and has been uplifting the sector to enhance the production of value-added solutions to 

export from the country. 

So, although Ghanaian economy still depends on resource-based manufacturing exports (oil based), 

their strategy is focused on diversifying their economy from being too dependent on commodities. 

 

Services 

Healthcare has been a great expense generator for Ghana’s government. Ghana has a universal health 

care system, National Health Insurance Scheme (NHIS), a breakthrough for African countries. Urban 

centers are well served, and contain most hospitals, clinics, and pharmacies in the country. Rural areas 

often have no modern health care. Patients in these areas either rely on traditional African medicine or 

travel great distances for health care. In 2005, Ghana spent 6.2% of GDP on health care, or US$30 per 

capita (World Health Organization, 2013). Technological developments and investments with programs 
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such as Vision 2020 allow the development of low-cost and innovative technological solutions that can 

potentially revolutionize the sector. 

It is, now useful to present Table 11, with the major conclusions from this external analysis. 

 

Table 11 - External Analysis' conclusions 

 

Ghana has a great need for this project, evidenced by the analysis made above. A fast-pacing economy 

that wants to diminish its dependency on oil-based products utilizing technology as an ally, gives the 

motto to 3D-printing and to the IT infrastructures that are resources from 3D Ways.  

The rapid increase of population that leads to housing needs, the excessive expenditure in healthcare, 

the lack of infrastructures, and the bet on manufacturing, are concrete indicators of a need for frugal 

innovation. 

The business solution for solving the presented problems and filing these gaps can now be presented. 

 

5.4 Business Description 
Figure 32 represents the flow diagram of the proposed business schematic. There are four major phases 

in the Business description proposed for this project. 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.  

All the steps of the business are going to be described in more detail on the following points. 

Analisys Oportunity for 3DWays Project Risks

GDP growth and Ghana's fast economic pace Debt-to-GDP

Government Policy Profit Repatriation

Strong Exports indicator Hiper-Inflation Possibility

Plastic is a major issue in the country

High number of Bottom-of-the pyramid 

consumers

Local population needs stable jobs

Population growth leading to housing and 

infrastructure needs

Agriculture needs technology for development

Manufacturing is a huge political bet

Health expenditure is too high, government 

wants it under control

Socio-Demographic/Labor 

Market

Macro-Economic

Economic Sectors

Lack of qualified workers for the success of the project. Lack of 

structuring of the waste management business in Ghana, due to 

poor infrastructure. 

Possibility of resistance by the population to the introduction 

of new technology. Need of adaptation of 3D-printed to 

Ghanian quality standards. 
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Figure 32 - Business Model diagram 

Waste Collection/Treatment 

There are two options to obtain the plastic waste: 1) the waste bought from local waste-pickers and a 

logistics system should be implemented to transport that waste into recycling facilities; 2) The waste 

treatment is located in the already existing recycling plants and therefore the collection is under the 

responsibility of the recycling company. In this business model we are assuming a partnership with the 

recycling companies and therefore the collaboration with local waste-pickers and the definition of the 

logistics system is not going to be presented here. Considering the current assumption of partnership, 

here the know-how on how to treat the material will be given to the company- Plastic treatment will 

involve operations of sorting by plastic types, washing and treating to remove contaminants. 

Filament Production 

The plastic items, after the previous step, will go to a shredder to break it into pieces (pellets). The 

shredder operates with alternated current (AC) power. This machine is composed by a geared motor 

that rotates an axis with circular blades attached, so that when the plastic products enter the machine, 

it has the necessary binary to break the plastic into small pieces called pellets.  

The pellets may enter at this stage in an extruder machine to be heated to that plastic’s glass transition 

temperature and pushed onto a nozzle.  

After the extrusion, this plastic thread will be winded to spools that can vary in size. Using a very simple 

manual press and 3D printed or wood crafted molds with the spool’s shape will result in a cheap and 

practical way of manufacturing durable and wet-proof spools. 

The storage of this spools must be done in a moister free area so the spools must be stored in sealed 

plastic or paper bags with rice or silica inside to ensure the stability of the quality of the material. They 

can also be stored in one single sealed box to reduce costs. 

After the production process (illustrated in Figure 33), where the only human interaction is depositing 

the waste in the shredder and then the pellets in the extruder, the plastic filament is ready and it can be 

sold to external markets. 



54 

 

 

Figure 33 - Small-Scale representation of the required machinery to the waste-to-filament process (3D Ways) 

Additive Manufacturing  

The plastic filament would be utilized as raw material for fully autonomous and remotely controllable 3D 

printers, connected into a grid, through an advanced IT system. A central headquarter will be in charge 

of general business functions, namely marketing, product design, logistics, among others, allowing the 

products to be manufactured in-loco, without the technical know-how and process complexities and 

hurdles (illustrated in Figure 34). 

 

Figure 34 - Value-Adding technology in the project (3D Ways) 

The Additive Manufacturing process used is FDM (Fused Deposition Modeling), extrusion 3D Printing 

(see section 2.3.2, Figure 7). This technology allows the company to develop new products with a much 

higher speed than plastic injection molding, which is the main alternative manufacturing process. While 

injection molding requires an average of 2 months of development for a final mold with modeling and 

metalworking technicians involved, 3D Ways develops with only one technician about 6 new products 

per week.  

This technology does not require machine tuning or preparation of specific materials to change the part 

to be produced, simply starting production with a new file containing all necessary print settings. The 

costs and the preparation time of the machine for the production of a completely different object are 

canceled.  

The raw materials that can be used with this process is wide and therefore the versatility of production 

is very large. It is possible to print resilient, flexible, water soluble materials and many others with 

essential properties to different products and markets, at a reduced cost. The production is performed 
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in less time, with lower operating costs. At the same time there is the possibility of the customer to 

participate in the creation of a product or its customization at a lower market price, adding a unique and 

differentiator factor to this business.  

The proprietary software developed by 3D Ways is intended to optimize any production on any printing 

farm. This software uses artificial intelligence algorithms and neural networks to analyze the machines 

available in a printing farm: their dimensions, the materials that they can print, their tolerance and the 

available human resources (working hours, holidays, and interaction times with machine) by getting 

constant feedback and adjusting all indicators automatically. At the same time, it evaluates all ongoing 

projects, their requirements, deadlines, priorities and dependencies, deciding which product to print on 

each of the machines to produce continuously, creating an optimum printing queue and making 

production a more efficient operation. This software is directly connected to all the machines and 

automatically inserts the products to be produced in them (Figure 35). The operator only has to go to 

the machine to validate the print quality, indicate if it is a valid impression in terms of quality or not, so 

that the production continues autonomously. 

 

Figure 35 - Automated Production Optimization Software (3D Ways) 

The remote control software (Figure 36) allows, the 3D Ways team, to remotely and in real time control 

the operation of any 3D printer individually. In a simplified platform all printers are presented and with 

just one click we can access all the information related to one in particular. Information such as remaining 

print time, upcoming products in the print queue, machine temperatures, and even video streaming of 

the current print is essential to ensure control of the operation. 

 

Figure 36 - Software for printing management (3D Ways) 
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The communication between the client (producer in Ghana) and the operations center (3D Ways in 

Portugal) is accomplished via a web platform where the client may submit manufacturing orders, product 

development orders and submit issues. Also, this same platform will be used as a network center for 

every manufacturer where they can communicate with each other, ask for production using other’s print 

farms, download 3D models for manufacturing, purchase and sell filament or pellets and order new print 

farms for quick scalability.  

The resulting plastic products from this autonomous print farms can cover all sorts of needs and 

purposes, being sold to individual consumers or sold to corporations and enterprises in all sectors of 

economic activity such as health care, manufacturing, agriculture and many others. 

 

Waste Disposal 

After the end of life of the developed products, the users can dispose the plastic to recycle again and 

therefore the cycle becomes complete, as they can go through the same process again. A set of 

educational and social awareness programs could be developed and implemented with the local 

population for the understanding and valorization of recycling. 

The proposed business model involves the interaction with different stakeholders and therefore an 

analysis has been done to evaluate the involvement of the different stakeholders and their interactions. 

A stakeholders’ plan has been developed and presented below following the methodology on chapter 

4. 

 

5.5 Stakeholders’ Analysis 
 

First the main stakeholders were identified (Figure 37): 

• 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 38, 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 while allying the use of state-
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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. 

 

Figure 37 – Stakholders’ List Evaluation 

 

Figure 38 - Power-Interest Matrix for the project 

 
After these steps were done, it is important to structure the information (Table 12). This was done 

utilizing a model proposed by Ramos (2016), where besides this information of the power-interest matrix,  

the perceived attitudes of the stakeholders are discussed, as well as the  expected inputs to help the 

development of the project and the communication plan  to  develop with each one.  

There are some facts to highlight here: 

• The client company needs the more detailed communication plan as the facilities for the first 

phase of the project are shared with 3DWays. Moreover, as a client they should be the first ones 

to receive input regarding the developments of the project; 

• Governmental entities are the next to be prioritized in this communication plan as they could act 

as solvers of bureaucratic aspects as well as boosters when the phase of expansion of this 

project comes, therefore the breakthroughs should be efficiently communicated; 

• The main players need to be monitored closely by the client as part of the competitive advantage 

in this project comes from the fact of being the first players in the market (more thoroughly 

examined in section 5.8). 

• Scientific councils and certification agencies should be informed more sparsely about process 

specifications or additions to ensure the smooth quality certification of project.  

A correct stakeholders’ analysis is of extreme importance for the success of this project. Since the 

market is dynamic, the best way to deal with the identified risks in the earlier sections of this document 

is to define a good collaboration strategy with the most relevant stakeholders.

National Institutions

Ghana's Government

Minister of Environment, Science, Technology and Innovation

The Council for Scientific and Industrial Research (CSIR) 

Environmental Protection Agency

Plastic Waste Management Program Ghana 

NGO's

Friends of the Earth Ghana

Potential Competitors/Industry Players

EnviroPlast

Zoomilion

BlowPlast

Jekora Ventures

Client Company

• Ghana’s Government
• Client Company
• Minister of Environment

• Jekora Ventures
• Zoomilion
• Enviroplast

• Friends of the Earth 
Ghana

• Environmental 
Protection Agency

• CSIR

• Blowplast
• Ghana Plastics’ 

Manufacturers Association
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Table 12 - Stakeholders’ Analysis 

Stakeholder 

Which is the 
Stakeholder’s 
interest in the 

project? 

Stakeholder’s 
potential 

impact on the 
project? 

What does the project 
expect the Stakeholder to 

provide? 

Stakeholder’s perceived 
attitudes and/or risks 

Inputs to Stakeholder 
Communication Plan 

Who is 
responsible for 
managing the 
relationship? 

Ghana’s 
Government 

Allow the promotion 
of the country’s 

economy (Vision 
2020) 

Tackle waste 
valorisation issue 

Very High 
(ultimately, 

allow or not) 

Removing hurdles of 
bureaucracy, boosting the 

early implementation 
phase, providing an easier 

entrance to market 

Perceived attitude: 
Openness as they need the 

problem solved 

Risk: Expecting very high 
compensation for the 
implementation of the 

project 

Monthly meetings while the 
project is in early 

implementation phase 

Government 
Consultant 

Client Company Partner – Pilot 
solution testing 

High Facilities for installation of 
the pilot project. Local team 

of employees 

Openness to the 
implementation of the 

project 

Constant update on the 
installation phase; 

Consulting service always 
available after 

3D Ways Team 

Jekora Ventures Possible player High Some barriers to entrance Already has a PPP 
established with Tema 

Metropolian Area 

Monitor possible market 
entrance try in this area 

Client Company 

Gana Plastics 
Manufacturing 

Association 
(Daniel Yaw 

Mensah Tornyigah) 

Possible 
partnership, 

supplier of raw 
material 

Medium Access or opportunity to 
use facilities 

Open for partnership if 
dealt with contacts from 

government 

Will to get a 
environmentally friendly 

image 

Evaluate a possible 
collaboration after the pilot 

installation phase 

Government 
Consultant 

Friends of the Earth 
Ghana (NGO) 

Collaborate with 
local waste-pickers 

Low Engagement with local 
community 

Interest in embracing the 
project 

Inform of this opportunity to 
create local jobs 

3D Ways Team 
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Stakeholder 

Which is the 
Stakeholder’s 
interest in the 

project? 

Stakeholder’s 
potential 

impact on the 
project? 

What does the project 
expect the Stakeholder to 

provide? 

Stakeholder’s perceived 
attitudes and/or risks 

Inputs to Stakeholder 
Communication Plan 

Who is 
responsible for 
managing the 
relationship? 

Zoomilion High Low  Resistance to the 
development of the project 

Monitor possible market 
entrance try in this area 

Client Company 

EnviroPlast High Low  Resistance to the 
development of the project 

Monitor possible market 
entrance try in this area 

Client Company 

Blowplast High Low  Resistance to the 
development of the project 

Monitor possible market 
entrance try in this area 

Client Company 

Minister of 
Environment, 

Science, 
Technology and 

Innovation 

High High Notify of possible new 
partnerships and give 

support and visibility to the 
project 

Open to the introduction of 
the project in Ghana 

Keep posted for the 
possibilities of scale up – 

Application in a larger scale 

3D Ways Team + 
Client Company 

The Council for 
Scientific and 

Industrial Research 
(CSIR) 

High High Exchange of know-how that 
could be beneficial to all 

parts involved 

Interested in the possible 
know-how exchange 

Inform about research 
results, share research 

advances 

3D Ways Team 

Environmental 
Protection Agency 

High High Certification and promotion 
of green projects like these 

in Ghana 

Determined to show project 
in Ghana to the world 

Inform about research 
results, share research 

advances. Assure about 
environmental sustainability 

of the project 

3D Ways Team 
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5.6 Business Model Structuring 
In order to identify the main activities to be developed in the Business, the sustainability Business Model 

Canvas (Joyce and Paquin, 2016) has been applied. The value proposition for the three pillars of 

sustainability (economic, environmental and social) are presented as follows. The main elements of the 

business in the three pillars are also described in the following tables (Table 13, Table 14, Table 15).  

BMC Economic 
Table 13 - BMC Economic Framework 

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 

 

As it is evident from the framework above, 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 section 5.3 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. 
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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, to be done in a later section of the document.  

BMC Environmental 
Table 14 - BMC Environmental Framework 

Supplies and 
Outsourcing  

Production Functional Value End of Life Use phase 

-Utilities and 
infrastructure 
building 
 

-Plastic Treatment 
-Product 
manufacturing 

The totality of finished plastic 
products produced in the course 
of one year 

-Recycled and used 
again as raw material 
 

-Some produced 
products may 
require the use of 
electricity or other 
utilities to be put 
to use 

Materials Distribution  

-Building materials  
-Parts for 3D 
printers and other 
machinery 
 

-Logistical delivery of 
parts for maintenance 
and of some products 
to the customer 
 

Environmental Impacts Environmental Benefits 
-Use of land for infrastructure 
-Co2 footprint because of logistics implementation 

-Recycling of plastic for raw material 
-Use of solar energy to power the production 
-Plastic production through 3D printing reduces waste and 
energy consumption 

 

As important as the economic business model, in a frugal solutions’ model, the environmental aspects 

are fundamental. It is of extreme relevance, thus, to have a way of measuring the impacts (functional 

unit definition) as well as the outcome in terms of impacts and benefits. Having this into consideration, 

in this framework, the activities that can generate either benefits or costs for the environment, throughout 

the life-phases of a product are listed (Supplies and outsourcing, production, use phase and end-of-life). 

This allows a clear view of where and how the impacts and benefits are generated. This framework 

evidences the environmental potential of this project. 

It was constructed with the understanding, and as a response to the major problems that affect 

Ghanaian’s environment (sections 5.1 and 5.3), such as: 

• Plastic as a threat to Ghana’s population wellbeing as 1.7 million tons of plastic waste are being 

generated annually in Ghana (Ghana News Agency, 2017). 

• Less than 2% of it is recycled and the Centre for Scientific and Industrial Research (CSIR) 

estimated that $315,789,474 could be saved per year through the recycling of plastics 

(Ghanaian Times, 2013). 

• A visit to some cities and towns in Ghana revealed aspects of the waste management problem 

such as heaps of uncontrolled rubbish, polythene bags scattered everywhere and disposal sites 

overflowing with filth which comes with its associated health hazards such as cholera, malaria 

and typhoid to residents who live near the dumping sites (Adu-Boahen et al., 2014). 

It has been seen in Figure 11, section 2.3.3 that 3D-Printing is a much cleaner technology than the 

industry standard at the moment. This factor allied with the use of the remote-control software for the 

control of the printers reduces the environmental footstep of this project to a great extent. 
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BMC Social 
Table 15 - BMC Social Framework 

Local Community  Governance Social Value Societal culture End-User 
Possibility of 
expansion always 
based on a great 
interaction with 
each local 
community, with 
unique needs and 
requirements. Will 
be the main work 
force, and their 
interest is an 
absolute priority 
 

Cooperative, 
privately owned. 
Profit generation. 
Active 
engagement with 
stakeholders for 
value 

-Formation of local population 
about environmental issues and 
waste recycling; 
-Helping local population and 
companies solving their needs by 
producing functional 3D printed 
products, out of the recycled 
plastic. 
-Empower local communities and 
giving them tools to get employed 
and a better standard of living 

Implementing 
recycling habits in the 
local cultures, and 
helping understand 
that the re-use and 
recycling of plastic is  
an absolute necessity 
for humankind 

-Provide access to 
products that 
solve needs, and 
improves quality 
of life of B2C 
customers 
 
-Can possibly 
reduce stops in 
production for big 
companies and, in 
the medium term, 
reduce their lead 
time. 

Employees Scale of Outreach 

-Local community 
engagement. 
 -Payment, 
average salary of 
the country 
-Additional 
programs like 
formations 
 

-Expansion to other 
countries as a planned 
scenario.  
-Highly scalable 
model. 
 

Social Impacts Social Benefits 
-Can be a disruption to the socially accepted way of managing 
waste.  
-Can damage some utilities businesses. 

-Creation of work 
-Knowledge and soft skills transmitted to local community 
-Tourism may be benefited due to cleaner environment 

 

This social framework of the TLBMC is used to evidence all of the social impacts the project can have, 

either in terms of how the project is run or the possible interactions with the local communities involved. 

Yang (2014) affirms that the social value of a product depends entirely on society’s judgement. The 

social value is directly translated as the utility a product or service will have to the community. Phills et 

al. (2008, pp.39) portrait “social value as the creation of benefits or reductions of costs for society - 

through efforts to address social needs and problems – in ways that go beyond the private gains and 

general benefits of market activity”. A project of this spectrum can be seen as a revolution for the local 

communities. This framework was constructed with its value proposition as a response to the local 

needs: 

• Providing access to know-how through formations, better compensation for the activities they 

perform and an improvement of the living standards due to the cleaning of the local 

environments; 

• Decrease of waste-related diseases like malaria, due to the cleaning of the environment;  

• Creation of jobs in the local community, with the opportunity of enhancing technical skills; 

• Being a scalable business model, the same benefits can be transported to other countries, 

honoring the scalability of frugal solutions. 

 

Porter’s Value Chain 

As a systematization of the information contained on the BMC frameworks, it is useful to provide Porter’s 

Value Chain analysis, seen in Figure 39, to help understanding the core activities, involved in the 

generation of the business model’s value. 
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Figure 39 - Porter's Value Chain framework 

As for the primary activities, they must be carefully interlinked as a failure to carry out any of them to a 

successful completion causes the value not to be delivered to the final customer. 

The secondary activities in this project’s value chain are undoubtably related to the financial 

environment. As a new market is explored, the definition of the macro-environment is necessary as well 

as a proper understanding of the legal barriers that could dictate hurdles to the project. Human resources 

management is another crucial activity as the dimension of the project will require a team expansion as 

well as the formation of the local communities. The technology is another base for the project successful 

implementation, with a need for R&D, especially regarding the adaptation of 3D Ways’ existing 

equipment’s to the local context and for the study of the plastics’ proprieties. A good supplier selection 

is fundamental due to the deficient infrastructures in the country, and the corruption thematic; If a bad 

procurement takes place, the timely arrival of the parts needed for machine maintenance and for the 

process assembly cannot be guaranteed. It is also important to choose suppliers that have a good 

collaboration to governmental entities as the state can pose barriers to entrance of external products in 

the country. 

SWOT Matrix 

Having understood the BMC frameworks and the main activities relevant to the business, it is now 

important to analyze what are the main conditionings and opportunities that the project faces (Figure 

40), in the light of the external and internal environments, that are now, fully detailed. 
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Figure 40 - SWOT matrix 

In terms of the internal environment, the project has in its favor the capacity to bring a huge versatility 

in production as, in 3D printing, once the digital file is ready, fabrication is very simple, customizable and 

relatively quick. With slight modifications on the initial digital file, a new object is manufactured without 

extra cost and without effort (Maric et al., 2016). With the use of plastics as the raw material, this project 

contributes also to the solving of environmental global challenges and, working with the local community, 

a social component is evidenced. The internal challenges can rise exactly from this local collaboration 

model: The limited know-how of the population and cultural clashes can be hard to deal with and bring 

difficulties to the implementation. As it is 3D Ways’ first incursion in emerging markets, this factor is also 

to have in consideration, as a possible hurdle.  

Regarding the external environment, the opportunities are splendid. There is a huge gap to be filled in 

Ghana, in different aspects: The waste management industry is still very rudimentary, there is the need 

for know-how in the local community, lack of manufacturing tools, difficulty of importing goods for 

business due to long lead times, and the political bet in technological developments. 

On the other hand, the country has a limited infrastructure, there is a well-known problem with corruption 

and the change of political orientations can pose a threat to the project’s development. 

Being conscious of the main drivers behind the implementation of the project and with a careful macro-

environment and business analysis to prove its relevancy, the market opportunity can now be explored 

recurring to data-based consumption scenarios. 

Following this tool construction, some recommendations can be made: 

In order to minimize the weaknesses; 

• Doing an in-depth study on the market to address beforehand; 

• Keep always a stock of maintenance parts for the 3D printers in the shop-floor. 

In order to minimize the treats; 

• Keep a good relationship with the major stakeholders, namely government and NGO’s 

• Maintain a good hard-to-copy technological competitive advantage to promote barriers to 

entrance.  

S W

O T

- Versatility of 
Production

- Social Promotion
- Low Cost of Production
- Resource Valorization
- Global Accessibility
- Circular Economy
- Local Economic 

Development

- Cultural barriers
- Maintenance
- Need of formation for Local People
- Need of adapting to each local 

market
- Lack of specialized labor force
- Little experience
- Difficulties in importing goods

- Still low technological 
development

- Low access to imported 
products

- Low means of production
- Non-specialized labor force
- Low access to commodities
- Little innovation know-how
- Inadequate medical tools
- Difficulties in machine 

maintenance

- Competition of a local 
player

- Lack of infrastructures
- Corruption
- Instability (political and 

others)
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5.7 Sales Strategy, and Demand 
 
As pointed out before, there are two major business target groups for sales of finished 3D printed 

products: Business to Consumer (B2C) and Business to Business (B2B). In order to estimate the 

potential sales of the project and to define a sale’s strategy the following forecasts of revenues have 

been determined.  

It is crucial to understand that this Business Model can be highly scalable to countries with the same 

infrastructural conditionings, and can be, at the same time, a bottom-of-the pyramid consumer’s need 

solver, and a highly profitable B2B project, due to huge improvements on production flexibility and 

maintenance parts’ arrival lead times. 

 

Demand Forecast for B2C 

 

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. 

For purposes of possible demand forecast, three scenarios have been considered: 

• Optimistic – Each person buys 1 product per month 

• Neutral – Each family of four buys 1 product per month 

• Pessimistic – Each family of four buys 1 product every 3 months 

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 16, shows the estimated sales projections for each scenario. 

Table 16 - B2C revenue estimations 
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To the B2C market, the sales will be made primarily through four different sales channels in order to 

obtain the best approach possible to the market: 

• Online Marketing and support from the government for media exposure 

• Local stores that would be located in convenient areas, so that the BoP customers could place 

their orders of products they need. The requested product design, once completed, would be 

added to an online platform of products, to spread globally the access different products and 

allow a fast replication across 3D Ways production facilities, even in other countries. This greatly 

increases the range of available products and reduces the design costs. 

• Local Salespersons will be the third channel. Local skilled sales technicians that would gather 

consumers, make them aware of the opportunity to obtain new products that they need, while 

teaching them about the country’s environmental concerns and the benefits of turning their 

waste into valuable products.  

• Government and NGO partnerships so the people in need could get widespread access to our 

products in public services and in logistics-constrained areas. 

Demand Forecast for B2B 

Concerning this section, 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 seen in section 5.3 (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.  

As for Agriculture, while this sector has evidenced to be a promising market with a fit for this project, it 

was not possible to obtain credible sources to determine quantitatively the impact that the 3D printing 

industry could have, therefore, the sector was left out of the estimations.   

In order to estimate the potential revenue of these three sectors the following procedure has been 

followed: 

- It was determined the percentage of the GDP of Ghana that is generated by each sector (either 

in contribution or spending) in $Bn. This data has been collected from the World Bank (2017), 

and Index Mundi (2017), for the time period ranging from 2014 to 2018. In the projections leading 

to 2030 it was assumed that these numbers would follow the growth pattern of previous years. 

The final projections’ information is present in Table 17. 

Table 17 - Contribution of the market sectors for the GDP ($ Bn) 

  Manufacuring Health  Construction 

2014 1,82 1,37 3,86 

2018 12,93 2,40 6,04 

2020 18,49 2,69 6,73 

2025 32,37 3,43 8,57 

2030 46,26 4,37 10,92 
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- Then, according to studies from BCG (2018), Forbes (2018) and PWC (2017), it was determined 

the potential economic impact of 3D printing in those markets. This impact is measured in terms 

of production improvement or savings either due to cheaper product access, cheaper 

maintenance or simplification of processes (Maric et al., 2016). From the value retrieved in the 

initial sources two scenarios were built, to anticipate possible fluctuations according to local 

contexts. The information is present in Table 18. 

 
Table 18 - 3D printing and the market sectors 

Sector 
Impact of 3D 
printing (%) 

Optimistic (%) 
Pessimistic 

(%) 
Reference 

Manufacturing 15 20 7 PWC (2017) 

Healthcare 10 15 5 Forbes (2018) 

Construction 20 30 15 BCG (2018) 

 
The potential revenue from the country’s perspective (or saving allowed by this technology) was 

obtained through the following equation (1): 

 

𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝐶𝑜𝑛𝑡𝑖𝑏𝑢𝑡𝑖𝑜𝑛 𝑡𝑜 𝑡ℎ𝑒 𝐺𝐷𝑃 𝑓𝑟𝑜𝑚 𝑒𝑎𝑐ℎ 𝑠𝑒𝑐𝑡𝑜𝑟 ($) (𝑇𝑎𝑏𝑙𝑒 17) ×

% 𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑓 3𝐷 𝑝𝑟𝑖𝑛𝑡𝑖𝑛𝑔 (𝑇𝑎𝑏𝑙𝑒 18)                                                                                             (1) 

 

The estimations of revenue are represented for the three sectors, below (Figures 41, 42 and 43).  

 
Figure 41 - Potential Revenues in the manufacturing Sector 

 

 
Figure 42 - Potential Revenues in the Healthcare Sector 

 

 

 
Figure 43 - Potential Revenues in the Construction Sector 
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From the three plots above (Figure 41, Figure 42, Figure 43), it can be seen that in all sectors, there is 

a very considerable revenue stream being under-valued at this moment and there is also a steady 

growth for that value until 2030. This analysis depicts the enormous market that is available for Ghana 

to start exploring. A perfect fit for the technology challenges of the Vision 2020 and turning waste in to 

valuable assets for the underserved population and the industrial and public sectors at need.  

The sales to B2B will be done using two main channels.  

• Celebration of long-term contracts with major companies in the areas of construction, 

manufacturing and healthcare with a local sales force. The companies could then opt for the 

modality of paying for finished products or renting production hours of the 3D printers.  

• Online platform where the interested businesses could directly place their product orders for 

shorter-term needs or emergencies. 

5.8 Competitors Analysis 
In order to understand the dynamics of the project target industry, a schematic of Porter’s 5 Forces will 

be presented below (Figure 44).  

 

Figure 44 - Porter's 5 forces framework 

As it can be seen from this analysis, the main strategic action should be an early implementation of the 

project and the search for local partnerships and collaborations, as there is still no similar concept or 

competition in the market - threat of substitute products is low. The plastic recycling industry in Accra is 

largely unstructured, and, as such, internal rivalry was not considered. The technology available to 

plastic recycling companies accounts for the major determinant of the output of the companies in Accra 

(Addei, 2016). This evidences the possibility of obtaining a bigger market share.  It is clearly visible that 

the B2B market segment will be the profit generator of the project, since the big companies can pay for 

the value added in production, while the B2C segment runs on shallow margins and has to be 

government or NGO funded to allow its full implementation. The bargaining power of suppliers is a big 

influence to be had under control: the lead times of the arrival of maintenance materials to the production 

facilities and the supplier procurement should be activities that are well accounted for, because their 

good performance is of extreme relevance for the business concept.  

• B2B – Most of the broken pieces, or other 
equipment that can be provided by 3D printing is 
difficult to obtain in Ghana, with low lead time, so 
companies have a need that is solved (Low)

• B2C – The low profit margin on the products 
forces the company to be always conscious of 
the prices practiced, otherwise the costumer is 
lost, due to lack of purchasing power (High)

• There is only one company currently doing
recycling in Ghana in a systematic way (Jekora
Ventures), and there is no prospect of their
product development soon, for competing with
the same business model. (Low)

• 3D Ways needs to have the supplies, 
machinery and maintenance parts in time, 
to the production facilities, that could be a 
business impediment, since the entrance of 
products in the country can be regulated
and heavily controled(HIGH)

• Since 3D Ways has a vertical integration from waste to fully functional finished products, there is not 
much threat of similar concepts (LOW)

• Capital requirements are intensive for this 
business entrance (Low)

• Institutional contacts required for Business 
Initiation (Low)
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5.9 Work Plan/Milestones 
Figure 45 represents the work plan for the implementation of the business model in Ghana. The month of beginning of this project is dependent on the funding. 

 
Figure 45 - Gantt chart with the project's timeline and milestones 

Phases 

1. R&D – This phase is where the technological aspects of the solution will 

be adapted to Ghana’s needs. It comprises of 6 phases: 

a. 3D Printer Automation and simplification upgrade for 0-knowladge use 

b. Print Farm management Software development and adaptation for Ghana 

c. Material properties testing for recycled filament and feedback for 

Shredder and Extruder adaptations 

d. Shredder development for Ghana use 

e. Extruder development for Ghana use 

f. Remote control and remote assistance R&D for long distances (Portugal-

Ghana) 

2. Logistics – Transportation of staff and equipment, legal affairs and 

administrative work for preparation of the system installation in Ghana  

3. Installation – Installation and implementation of the system 

4. Test α – All systems test in loco with 3D Ways team 

5. Training – Training of the Ghana’s team to operate the system  

6. Test β – All systems test done by Ghana’s team to identify errors and 

improve the solution 

7. Optional Consulting Contract – Highly recommended, this phase will 

ensure 3D Ways team consulting and accompaniment. 

Milestones 

M-1 – The research phase is completed: Satisfactory proprieties of plastics are guaranteed, when the waste is transformed into products for the final market; 

3D printers are successfully adapted to printing with adverse local conditions and without know-how required by the operator. 

M-2 – Installation is completed: The machines are in the final location, according to the defined process layout. 

M-3 – Test α is completed: During this phase the machines are tested in full operational mode by technical experts to ensure that the operation is set. 

M-4 – Test β is completed: During this phase, the machines are tested as if normal production was in course, being the production operation handled by local 

workers with only the consulting/design work done by 3D Ways team. After this period, production can start at full speed. 

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 M15 M16 M17 M18 M19 M20 M21 M22 M23 M24 M25 M26 M27 M28 M29 M30 M31 M32 M33

1. R&D

2. Logistics

3. Instalation

4. Test α

5. Trainning

6. Test β

7. Optional Consulting Contract

M-1 M-2 M-3 M-4
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5.10 Organigram 
Below, in Figure 46, an organigram for the 3D Ways project is presented. Each of the entries will be 

detailed below: 

 

Figure 46 - 3D Ways project organigram 

Human Resources 

Project CEO : Responsible for the coordination of the whole business, keeping the main stakeholders 

satisfied and managing all of the expansion of the business related questions. 

Project CTO: Coordinates all of the technological advancements and details necessary to ensure a good 

steady rhythm of production. Manages the on-going R&D necessary to keep the processes updated and 

as profitable as possible. 

Project Operations Manager: Manages the macro level of all the operations, from logistics to internal 

processes. It is required a highly skilled professional to monitor and assure the smooth conclusion of all 

the tasks described in the work plan. Works in close collaboration with the local labor force. 

Additive Manufacturing Experts: This team has the know-how in additive manufacturing and in the 

system itself to install all the machines, train the locals to operate the machines and teach the 

procedures for orders, problem solving, maintenance and make sure all the equipment is in full 

conditions to operate.  

Marketing and Sales: A team dedicated to do in-loco market penetration and ensuring that the defined 

target market is well covered and providing the most amount of revenue possible 

IT Resources: This team of engineers and human-centered developers will develop the platform that 

will be the link between the local operators, the remote team in Portugal and the network of 3D Ways 

Manufacturers across the globe, manage orders, maintenance requests and the development process. 
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This platform is focused on simplicity and human-centered design so that even manufacturers with no 

experience in manufacturing find it easy to use this tool. 

Operations Management: This person is the one that ensures the facilities efficiency managing the 

whole operations spectrum and it involves logistics, maintenance, installation, training and HR, web 

services, production and product development. 

5.11 Financial Elements 
 

According to the work plan showed above, the projections of the financial elements are shown below, 

recurring to the methodology in chapter 4: 

Therefore, based on the current environment and market expertise of 3DWays, and with the 

collaboration of the internal team, it was assumed: 

 

Scope of the project: 

• The project was evaluated for a 5-year period as it is considered to be the average life span of 

a 3D printing machine (3D Ways). 

Service: 

• The investment required of the client for the implementation of the project is of 2,506.250€. 

(includes the implementation of all the circular economy system, plus testing of all the machines 

for the local conditions and the formation of the local workers and was estimated based on 

previous formation costs, R&D expenses, preparation of the machines that are adequate to the 

local context and local conditions recognition, involving trips).  

• A 26 708,33€ monthly cost for the service that is provided to the client, determined by 3D Ways 

(includes design of the products to print and remote assistance and product development) (3D 

Ways); 

Production variables and numbers: 

• a 14h production time (two 7h working shifts and 25 operating machines) (3DWays); 

• Six on-floor workers for handling the output of those machines (3DWays);  

• Each 3D printing machine consumes 195Wh of electricity (Doing Business, 2018); 

• Production at full speed starts at month 17 (see section 5.9) affecting profit of year 1; 

•  Other costs of production for each hour on each machine is of 3,75€. This is obtained through 

a multi-variable analysis that was performed by 3DWays. The factors include failures of the 

equipment, and the raw material supplies. Regarded as “Other Machine Costs”; 

• Costs will be only considered after the full operation starts, see section 5.9 (year one, month 

5). 

 

Country’s utilities and other informations: 

• The electricity price in Ghana is 0,21€/Kwh (Doing Business, 2018); 
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• The average salary for a non-qualified Ghanaian worker is 252,56€/month (Doing Business, 

2018); 

• The average monthly rental price of a 500 square meter shop floor in Accra is 200€ (Doing 

Business, 2018). 

 

Rates and Taxes: 

• The revenues and costs were assumed to increase following the average inflation rate of 

Ghana, of 8% starting on year 1 (see section 5.3); 

• Depreciation rates are not considered. Since the machines are only rented by 3DWays (internal 

decision), they are not assets of the client company; 

• Weighted Average Cost of Capital of 13% (WACC Expert, 2018); 

• As for revenues, the production of each machine is valued in two different scenarios by 20€/h 

and 30€/h. This is an assumption made based on the internal information provided by the 

company obtained studying the margins rival companies can have selling plastic 3D printed 

products; 

• Liquid Cash-Flow = Exploration Cash-Flow - Corporate Income tax of 25% (Doing Business, 

2018).  

These assumptions allowed to construct the following financial table (Table 19): 

 

Table 19 - Financial Table of the project 

 

From this table, it is noticeable that, within the current assumptions, the project presents very satisfactory 

NPV and IRR in both scenarios, demonstrating its financial viability. 

 

As for the Payback period, the cumulative cash-flows were calculated, and the values obtained for this 

period were of 2,3 and 1,4 years respectively in scenario 1 and scenario 2, which is excellent for a 

project with a national-wide potential interest (Table 20). 

Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

Investment 2 506 250,00-€   

Revenues - Scenario 1 (20€/h) 1 814 400,00€   2 721 600,00€  2 939 328,00€  3 174 474,24€  3 428 432,18€  

Revenues - Scenario 2 (30€/h) 2 721 600,00€   4 082 400,00€  4 408 992,00€  4 761 711,36€  5 142 648,27€  

Costs 589 492,60€      1 114 998,88€   1 204 198,79€   1 300 534,69€   1 404 577,46€   

Electricity 3 715,03€           5 572,48€           6 018,27€           6 499,74€           7 019,71€           

Operators 13 089,60€         19 634,40€        21 205,15€         22 901,56€         24 733,69€         

Service 230 759,97€      576 900,00€      623 052,00€      672 896,16€      726 727,85€      

Shop-Floor Rental 1 728,00€           2 592,00€           2 799,36€           3 023,31€           3 265,17€           

Other Machine Costs 340 200,00€      510 300,00€      551 124,00€      595 213,92€      642 831,03€      

Exploration Cash-Flow - Scenario 1 (20€/h) 2 506 250,00-€   1 224 907,40€   1 606 601,12€   1 735 129,21€   1 873 939,55€   2 023 854,72€   

Exploration Cash-Flow - Scenario 2 (30€/h) 2 506 250,00-€   2 132 107,40€   2 967 401,12€   3 204 793,21€   3 461 176,67€   3 738 070,80€   

Liquid Cash-Flow - Scenario 1 (20€/h) 2 506 250,00-€   918 680,55€      1 204 950,84€   1 301 346,91€   1 405 454,66€   1 517 891,04€   

Liquid Cash-Flow - Scenario 2 (30€/h) 2 506 250,00-€   1 599 080,55€   2 225 550,84€   2 403 594,91€   2 595 882,50€   2 803 553,10€   

Present Value - Scenario 1 (20€/h) 2 506 250,00-€   812 991,64€      943 653,26€      901 898,69€      861 991,67€      823 850,44€      

Present Value - Scenario 2 (30/h) 2 506 250,00-€   1 415 115,53€   1 742 932,76€   1 665 811,84€   1 592 103,35€   1 521 656,30€   

WACC 13%

NPV - Scenario 1 (20€/h) 1 838 135,69€   

NPV - Scenario 2 (30€/h) 5 431 369,79€   

IRR - Scenario 1 (20€/h) 22%

IRR - Scenario 2 (30€/h) 56%
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Table 20 - Cumulative Cash-Flows and Payback time 

 

 

Finally, a sensitivity analysis was elaborated on the NPV value versus different WACC rates (Figure 47).  

 

 

Figure 47 - Sensitivity analysis on the NPV 

From this sensitivity analysis it can be seen that even in the face of non-likely scenarios, where the 

WACC is extremely high while the production is constantly sold at a low price, the NPV remains always 

with a positive value, therefore the financial robustness of this project is demonstrated. 

5.12 Conclusions 
 

This Business Plan gives a solid document for 3DWays to initiate its expansion to the Ghanian Market: 

A large picture of the goals and vision of the company for this new endeavor was defined (section 5.2) 

The needs of the market were identified, as well as the main market targets the company should engage 

(section 5.3). The business description was done (section 5.4) and its value proposition was well 

detailed, according to the market’s specificities (section 5.5). The main stakeholders and communication 

plan were overviewed (section 5.6). A sales strategy and the qualitative measurement of the demand in 

the identified customer segments was done (section 5.7). Finally, an analysis on the characteristics of 

the industry and the main forces that shape it was performed (section 5.8). The more practical aspects 

such as the team and work structuring were defined (sections 5.9 and 5.10) and finally, the financial 

viability of the project was proven (section 5.11). 

After the business plan is finalized, it is of importance to analyze the major opportunities and risks that 

this project can bring for 3DWays and the importance it can have in the actual paradigm of the world. 

 

Cumulative Cash-Flow - Scenario 1 (20€/h) 2 506 250,00-€   1 587 569,45-€   382 618,61-€      918 728,30€      2 324 182,97€   3 842 074,00€   

Cumulative Cash-Flow - Scenario 2 (30€/h) 2 506 250,00-€   907 169,45-€      1 318 381,39€   3 721 976,30€   6 317 858,81€   9 121 411,91€   

Payback Time - Scenario 1 (20€/h) 2,3 years

Payback Time - Scenario 2 (30€/h) 1,4 years

€ 1 838 136 € 1 617 609 € 1 414 051 € 1 225 812 
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6. Discussion  
This chapter is brought after the presentation of the Business Plan, to bring a better understanding of the risks and major opportunities involved in the realization 

of this project. Therefore, sub-chapter 6.1 will provide a risk analysis containing also mitigation and contingency measures for each identified risk, while section 

6.2 will provide an overview on the projects main opportunities and summarize the importance of the work realized in this dissertation.  

6.1 Risk Analysis 
After the development of the Business Plan, it was agreed between the candidate and the involved company that a listing of some of the major risk the project 

could face (along with measures to avoid those risks and minimize impact if they occurred) was of value. Therefore, Table 21 - Major Project Risks, and counter-

Table 21 is presented 

Table 21 - Major Project Risks, and counter-measures 

 
The risks were divided into four major areas, in accordance to the information presented and gathered along the construction of this dissertation. Therefore, the 

chosen areas of risk were:

Area of Risk Risk Contingency Measures Mitigation Measures

Lack of proper logistical routes inside the country
Utilize the recycling company pre established routes; 

Collaborate with local-waste pickers

Ask for governamental aid in the development 

of new routes since it is a global problem

Alfandegary issues transporting the products Adding enough buffer time to deal with the issue Keep close contact with the government

Lack of power/water supply Investigate alternative sources such as hidric/solar power Have a backup generator

Delay in the project implementation
Add buffer time in activities were problems cannot occur 

(critical path)

Add more human resources to ensure the 

completion in time

Lack of acceptance of the new technology
Formation of the local comunity involved in the project 

regarding 3D printing

Provide few sample products to close workers 

to diminuish resistance

Disruption in waste collection business
Formation of local waste-pickers on the work safety and 

hygene policies

Collaboration with the waste-pickers' union to 

diminuish resistance

Lack of collaboration of local comunity Engage with local fab-labs such as Suame Magazine in Kumasi
Resort to external technicians until the 

potential of the project is visible

Cuts on funding for project Close collaboration with the client and government entities
Apply for alternative funding resources 

beforehand

Under estimation of the costs
Add a cost buffer to the budget to account for unexpected 

spending

Cut costs as much as possible in non-essential 

activities

Delay in repatriating profits Close collaboration with the client and government entities
Rely on previous costumers payments and 

negociate new clients in Ghana

Change in Political direction in the country Close collaboration with the client and government entities
Adapt the Busieness Model to new 

requirements

Lack of collaboration of local government Close collaboration with the client and government entities Ask aid from well known NGO's like UNICEF

Cultural

Infrastructural/Logistical

Economical

Political
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• Infrastructural/Logistical; In developing markets, a lack of physical infrastructures or energy 

supply, is well-known. As seen in the previously presented business plan (sections 5.1 and 5.3), 

Ghana is not an exception. Lack of physical infrastructures is evident, and many times overcame 

by local talent (see Suame Magazine example in 5.3 – Economic Sectors). Most of these risks 

can be avoided by this project if the business model can capitalize on the already existing 

structures, utilizing them as a starting point and developing them resorting to know-how and 

close cooperation with the local communities. As this is an initial business plan, the identified 

measures to avoid or minimize the impacts of these risks, are mostly pre-implementation. These 

measures involve the consideration of buffer times or adding extra human-resources to account 

for the immediate difficulties that will be faced. In addition, it could be useful to have backup 

emergency resources such as generators. 

 

• Cultural; Organizations rely on the emerging markets for revenue, growth and expansion, so 

they need to familiarize with different cultures and need to communicate well with other cultures. 

If these cultural differences are not well managed, misunderstanding and conflict may rise in 

the business across the world and organizations could be at risk if management fails to deal 

with the cultural difference (Dangmei, 2016). In this case, the more pronounced cultural barrier 

is the technological gap and the know-how. The only way to avoid this risk or diminish its effects 

it is to bet on a close cooperation, education, and formation of the local community, demystifying 

the concepts of plastic waste recycling and 3D printing. In addition to this major risk, there is a 

industry disruption risk. As waste management is still very rudimentary in Ghana (Addei, E., 

2016), the implementation of this project can cause tensions among the main players. 

Therefore, a common understanding of the global benefit of a project of this kind in Ghana is of 

extreme importance and 3D Ways has to make a considerable effort to this objective. Some 

initial actions that can be taken, such as the delivery of some free 3D-Printed objects or the 

cleaning of local beaches are symbolic but can help to attenuate greatly this inherent culture 

shock.  

 

• Political and Economical In December 2016, Ghana experienced a peaceful transition of 

power for the third successive time, maintaining its reputation as one of Africa’s most stable 

democracies. However, democratic stability is not the only factor effecting FDI in Ghana. Ghana 

is highly dependent on the export of primary commodities – including gold, cocoa, oil and gas – 

and its investment environment remains vulnerable to commodity price falls and global 

economic downturns. In addition, the investment environment has been increasingly marred by 

allegations of state corruption (Shadow Government, 2017). The counter-measures to a 

political/governmental set-back can be done in two levels. Prevention with budgetary buffers 

and communication with other clients of similar context in different countries (Section 5.6 – BMC 

Economic), and by maintaining a relation that should be as favorable as possible with the key 

elements identified in the Stakeholders’ Analysis (Section 5.5). 
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6.2 Biggest Opportunities and Relevancy of the project 

The world is in deep need of a change. Frugal Innovation and 3D printing can be combined as a possible solution for this problem. The business model proposed 

in this master’s dissertation and the business plan that was generated as its output are of extreme importance and potential in diverse areas (Table 22): the 

turning of a waste into an asset with the help of local population valuable by itself, but adding to this, it is to note the employment of information technology and 

3D printing as a means to provide tools for the underserved customers. The political will of the country to bet in this kind of projects, as a way to diminish the 

dependency of its economy on commodities is also a major opportunity. As another vector, the under-developed and under-capable waste managing industry 

(Adu-Boahan et al., 2014): Less players in the market, and more market to explore.  

Table 22 - Biggest Oportunities by area and relevancy of the project 

Area of Oportunity Oportunity Relevancy in the actual context

Implementation of Vision 2020 by the 

Government

Additive Manufacturing not viewed as a business 

in Africa

Testing of a grid connection between Portugal 

and a developing country

Plastic is a major issue in the country

Raw material for the implementation of the 

project is available

Government is focused in solving the waste issue

Local comunnity with local talents

Cultural bridge is created for the expansion of the 

project

Formation activities as a complement after 

finishing the implementation phase 

Waste Management Industry is not developed

Manufacturing is a bet of the government and a 

3D printing main market

Cosntruction is a bet of the government and a 3D 

printing main market

Health Care is a bet of the government and a 3D 

printing main market

Environmental

Technological

Social

Business/Gaps

Tecnhology is being seen as a driver for innovation around the 

world, and developing countries such as Ghana are 

transitioning from a comodity-based economy

Plastic waste is the major drama of humanity nowadays, 

destroying environments and maritime fauna and flora, as well 

as putting populations' health at risk, and originating spendings 

of millions of euros for the resolution of the problem. 

Poverty and social exculsion are enormous problems in 

developing countries, causing deaths and suffering.

These markets are unexplored and unequipped to deal with 

the  mentioned issues with their current industry standards
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7. Conclusions and Future Work 
 

This master’s thesis 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. 

As a final remark, it is important to mention that the final client, in Ghana, who will remain unidentified 

for purposes of confidentiality, appreciated the quality of the drafts of the business plan for the upcoming 

project. With this being said, it is important to do an overview on possible future work regarding this 

business implementation. The presented document only covers the theoretical milestones and elements 

for the implementation of the concept, in depth. So, it would be interesting to do follow up work and 

analysis on how to do the implementation of this project, in terms of models for the definition of the ideal 

logistics, operations layout design, ensuring an uninterrupted and stable power supply, overcoming 

cultural hurdles or even in the area of designing a report and practical plan to ensure health and safety 

on the workspace for the local Ghanaian workers, with an special incidence on the waste-pickers, having 

in consideration the harsh environments and working-hours of their day-to-day affairs. Also, alternative 

technologies that could be used to tackle the plastic waste issue in the developing countries could 

account for a good master’s dissertation theme. 
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