
 
 

SMART COMMUNITY DEVELOPMENT FRAMEWORK  

AND DESIGN FOR RESPONSIBLE ENGINEERING 

 

  

 

A Thesis 

Submitted to the Faculty of Graduate Studies and Research 

in Partial Fulfillment of the Requirements 

for the Degree of 

Master of Applied Science 

in Environmental Systems Engineering 

University of Regina 

 

 

 

 

by 

Lucas Fagundes Veiga Ribeiro 

Regina, Saskatchewan 

May 2017 

 

 

 

 

© 2017: L. Fagundes Veiga Ribeiro 



 
 
 
 
 
 
 

UNIVERSITY OF REGINA 
 

FACULTY OF GRADUATE STUDIES AND RESEARCH 
 

SUPERVISORY AND EXAMINING COMMITTEE 
 

Lucas Fagundes Veiga Ribeiro, candidate for the degree of Master of Applied Science in 
Environmental Systems Engineering, has presented a thesis titled, Smart Community 
Development Framework and Design for Responsible Engineering, in an oral 
examination held on May 26, 2017.  The following committee members have found the 
thesis acceptable in form and content, and that the candidate demonstrated satisfactory 
knowledge of the subject material. 
 
 
External Examiner: Dr. Amber Fletcher, Department of Sociology and Social 

Studies 
 

Supervisor: Dr. Dena McMartin, Environmental Systems Engineering 
 

Committee Member: *Dr. Gordon Huang, Environmental Systems Engineering 
 

Committee Member: Dr. Kelvin Ng, Environmental Systems Engineering 
 

Committee Member: Dr. Katherine Arbuthnott, Department of Psychology 
(Campion College) 

 

Chair of Defense: Dr. Shelagh Campbell, Faculty of Business Administration 
 
 
*Not present at defense 
 



i 
 

ABSTRACT 

Significant attention has been put into the role of technology on addressing global 

environmental and social issues. Literature shows that the technology governance system 

must be reframed in order to comply with sustainable development principles. The majority 

of available technologies are not affordable in developing countries nor in poor and remote 

communities, which are inadequately served by conventional grids and services. Lack of 

access to proper technology increases social, health, economic, and environmental 

vulnerability of those places.  

The design and implementation of ecologically sustainable systems is proposed as one 

relevant solution for replacing the conventional systems that address the nexus water-

energy-food, protecting the natural environment and empowering vulnerable communities. 

Clean Social Technologies (CSTs) have the potential to create this new system due to their 

appropriateness. Though some progress has been made, more research on technological 

innovation around CSTs, supportive policies and educational programs are required to 

tackle the issues and advance the transition of systems.  

In order to leverage CSTs innovation and implementation, the Smart Community 

Development Framework and the Design for Responsible Engineering is proposed here. 

These frameworks integrate several approaches to systematically guide the design and 

management of development projects, designing and introducing CSTs in vulnerable 

communities worldwide based on their real needs, and ensuring permanent and sustainable 

changes. Local leaders, environmentalists, project managers and policy-makers can use the 
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model to collaborate in the formulation of effective action plans and develop projects 

worldwide.  

Furthermore, a case study based in the village Unión Victoria, in Guatemala, validated the 

framework through a theoretical demonstration. The village has seen increasing 

vulnerability levels mainly due to the aggravated effects of climate change and the lack of 

basic resources, and can be greatly benefited by interventions based in this model.  
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1. INTRODUCTION 

On a global level, humanity has struggled with ethical issues that sometimes put human 

rights and environmental impacts opposite to economic stability. It can be argued, 

however, that these cannot be in opposition (Farley, 2015), but rather placed in 

concurrent priority to support and benefit human rights, environmental protection, and 

economic development. The Universal Declaration of Humans Rights created by the 

United Nations (UN) in 1948 listed 30 basics rights for every human, including Right to 

Equality, Right to Life, Right to Social Security, Right to Adequate Living Standards and 

Right to Education (United Nations, n.d.). There are many achievements for cultivating 

these rights over the past two decades. And yet, many challenges remain to overcome 

human rights violations and encourage socially and environmentally responsible and 

relevant community projects, development, and security (UN OHCHR, 2013). 

As pointed by Berg et al. (2011), many scientists agree that the use of non-renewable 

resources such as fossil fuels as though they exist in unlimited supply places our societies 

at risk both technologically as well as culturally. Renewable resources, such as fresh 

water and forests, are consumed more rapidly than they can be replenished naturally. And 

pollution discharges to the natural environment – land, ocean and atmosphere – continues 

at a pace that exceeds the capacity of the environment to absorb them. In the context in 

which population continues to grow despite Earth’s finite ability to feed and sustain more 

humans and absorb human-produced wastes, new engineering approaches and solutions 

that reflect the need for economic development and investors while supporting human 

rights and environmental protection are increasingly in demand. 
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In present day, sustainable development is a widely known concept. It goes hand in hand 

with poverty eradication and environmental sustainability. It means that all people have 

access to basic needs and that the ecological footprint is within the borderline. The goal is 

to combine prosperity with resilience. The study of sustainability and the design of 

solutions that enable sustainable development have grown considerably in academia in 

the past years. Lester’s 2006 study (as cited in Berg et al., 2011) lists five 

recommendations for sustainable living: eliminating poverty, protecting Earth’s 

resources, providing adequate food for all people, mitigating climate change, and 

designing sustainable communities. In response, in 2015, the UN adopted an 

intergovernmental set of Sustainable Development Goals (SDGs), which aim to 

transform the world by 2030. The SDGs include 17 goals with 169 targets to address 

environmental and social issues in a global perspective. The goals involve eradication of 

poverty and hunger; promotion of peace, health and well-being, gender equality, 

education and work, infrastructure, access to clean water and clean energy, sanitation, 

sustainable consumption and sustainable communities; conservation of biodiversity in 

land and water; and global partnership (United Nations, 2015). 

Several plans and actions have been part of the political agenda since then, and 

academics and researchers are emerging with new solutions and approaches to 

collaborate with achieving the SDGs. However, considering the broad spectrum of these 

goals, holistic approaches are not enough if the root cause of the social and 

environmental imbalance is not addressed: the technology governance system (TGS). 
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1.1 Motivation, Methodology and Objectives 

The motivation for this work started with personal observations of the social and 

environmental panorama of the world and my practical experience in humanitarian 

projects around the world, mainly through the organizations Un Techo Para Mi Pais and 

Elos Institute, both in South America. In the following quote, Farley (2015) well 

summarizes my motivation question for this work. 

The human economy is a physical system embedded in society, which itself 

is embedded in a finite global ecosystem. The primary goal of the economy 

should be to meet basic human and social needs, now and in the future, 

without degrading the global ecosystem services upon which all life 

depends. How can this be done? 

This question initiated a philosophical quest to better understand and approach root 

causes of the issues raised by Farley. In that quest, opportunities to communicate and 

work with various Aboriginal communities to better understand culture, ways of living 

and communal structures to achieve well-being, address basic needs and produce 

technologies were afforded. From these lessons came the articulation of gaps in current 

solutions and creation of an integrated engineering approach to understand and address 

those gaps. The gaps in current solutions and technologies to fully or appropriately 

respond to socially responsive and responsible engineering include: 

 technology governance systems do not address key challenges of poverty and 

environmental sustainability; 
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 project development (PjD) and product development (PD) systems do not include 

or meaningfully address the integration of human rights and environmental 

protection in design; 

  momentum must be harnessed toward integrated and holistic approaches to 

understanding, managing, and addressing social and environmental issues; and 

 sustainable behaviours must be fostered to move from attitude to action. 

A review and analysis of these gaps will be completed through critical review of 

literature application of an integrated engineering perspective, focusing on the following 

specific research objectives: 

1. Preparation of a critical literature review to identify and assess the consistence of 

gaps and related methodologies and tools available as resource for designing 

solutions; 

2. Characterization of an ideal system and ideal technology to promote wellbeing and 

access to basic needs, ensuring social and environmental justice; 

3. Creation of a framework and systematized information that guides the process of 

developing and implementing socially and environmentally appropriate solutions 

in disadvantaged communities; and 

4. Demonstration of how application of the framework can make space within and for 

a community based on publicly accessible data and community information, 

supplemented by community members and personal accounts where necessary. 

This research was designed to incorporate applied, qualitative, exploratory and document 

research, making use of deductive and inductive methods to explore reality and create a 

framework that addresses key community issues. 
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1.2 Thesis Organization 

This thesis is organized to include two discrete papers submitted to peer review for 

publication in high quality journals relevant to the subject matter. Every effort has been 

made to minimize repetition without affecting the integrity of the independent chapters. 

This thesis incorporates two manuscripts as follows:  

Chapter 4, Section 5.1: Fagundes Veiga Ribeiro, L., D.W. McMartin. The Role of Clean 

Social Technologies on Building Ecologically Sustainable Energy Systems to Reduce 

Global Poverty. Energy Studies Review. In review. 

             

Chapter 4, Section 5.3: Fagundes Veiga Ribeiro, L., K. Arbuthnott, D.W. McMartin. 

Smart Community Development Framework (SCDF): an approach to empower 

vulnerable communities towards sustainable development. African Journal of Science, 

Technology, Innovation & Development.  Invited article 

(abbreviated paper pre-published in Proceedings of 7th International Conference on Appropriate 
Technology (ICAT), Victoria Falls, Zimbabwe, 23-26 November 2016) 

             

For each manuscript, the author of this thesis, L.F.V.R., was responsible for the research, 

design and implementation of the study, data analysis and manuscript authoring. K.A. 

and D.W.M. provided ongoing feedback of study design and manuscript preparation. 
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2. LITERATURE REVIEW 

The challenges associated with socially responsible and environmentally beneficial 

technology development, acceptance, and implementation are particularly notable in 

developing communities in which the consistent and sustainable provision of basic 

human needs are evolving. The development of society is tightly bound to technological 

change (Panopio and Rolda, 2007). The human history of our planet has been delineated 

with technological changes: from the Stone Age to the Information Age, humanity 

transitioned from hunter-gatherers to an industrialized and virtualized society (Nielsen, 

2004). Technological innovation has enabled humanity collectively to expand 

knowledge, improve wellbeing, and optimize the use and application of resources (Trace, 

2016). Consequently, the technological choices we make (development, dissemination 

and use) determine the level and direction of human development and environmental 

impact (Trace, 2016). 

Despite, and often as a consequence of, advances in civilization the deterioration of 

environment and the proportion of global population living in poverty continue to 

increase. Social inequality is on the rise (Hurst et al., 2017). Both the complexity and 

scale of the problems are increasing, such that design and implementation of effective 

solutions become commensurately increasingly complex and large-scale. The absence of 

a TGS, that is, processes of guiding or controlling the development of technology, is one 

major challenge to be faced when addressing poverty eradication and environmental 

sustainability (Trace, 2016).  

Promoting more fair TGSs requires that solution(s) capable of changing the way 

technology is produced and used be created. In this research, a new management tool that 
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integrates project and product development (the Smart Community Development 

Framework – SCDF), and a new Design for Excellence (Design for Responsible 

Engineering – DfRE) is reviewed and tested. The goal of this combined approach is to 

incorporate different methods and disciplines within a community-based perspective into 

engineering thinking. The SCDF is a framework that aims to plan and guide responsible 

socio-environmental projects that empower communities through incorporating 

technologies and promoting sustainable behaviours; and the DfRE is a tool that aims to 

guide the development of Clean Social Technologies (CST), one of the steps of the 

SCDF. 

Using an engineering perspective, the question is how to foster human development in an 

equitable, sustainable and endurable way, and what are the effective tools to support 

these actions? The arguments in this study are grounded in the hypothesis that a new TGS 

focused on social and environmental justice is required to effect meaningful change 

toward social equity and environmental protection.  

Creating the right technologies and fostering constructive behaviours are the first step to 

achieving access and provision of basic needs to everyone without damaging the planet. 

From this perspective, selecting high impact and empirically proven frameworks to guide 

and support the design of effective solutions plays a vital role. The four gaps identified 

for further evaluation and research consideration are presented in context such that 

critical analysis and development of appropriate frameworks and engineering 

perspectives can be addressed in the results of this thesis. 
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2.1 Intersections of Technology Governance, Poverty, and Environmental Sustainability 

Human beings strive for wellbeing by instinct. Chambers (1997) defines wellbeing as 

“the experience of good quality of life”. Although the definition is appropriate, the 

concept is tempered by some foundations, which have shown to be broad and complex. 

Several interpretations exist as many academic works and philosophers have attempted to 

define the concept. The focus of this study is not to debate whether one approach is better 

than another. It is instead a recognition that enhancing one’s wellbeing depends on what 

is meant by “wellbeing”. Thus, five concepts for approaching wellbeing are considered: 

 Maslow’s Hierarchy of Needs (Koltko-Rivera, 2006): includes 7 fundamental 

categories whose fulfillment is necessary for wellbeing, including physiological 

(air, food and water), safety (health, physical and financial security), belonging 

(love and friendship), self-esteem (self-confidence and acceptance), cognitive 

(pursuit of knowledge), aesthetic (beauty, balance and form), and self-actualization 

(ability to meet true potential). An 8th category, self-transcendence (ability to 

experience spirituality) was added by Maslow in 1969; 

 Sen’s Capability Approach (Wells, n.d.): analyzes quality of life in terms of what 

can realistically be achieved by an individual, focusing on two core concepts: 

functioning (states of “being and doing”, such as being healthy or driving) and 

capabilities (set of available functionings); 

 3-D Wellbeing (McGregor, 2007): understands wellbeing as a combination of 3 

interconnected dimensions, including: material (what people have), relational (what 
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people can achieve and do with what they have), and subjective (how people value 

their goals – and subjected to trade-offs during the struggle for achievements; 

 Responsible Wellbeing (Chambers, 1997): embodies a way of living expressed by 

a local definition of wellbeing and personal responsibility. The concept is driven 

by equity (balance of rights) and sustainability (long-term perspective), and is 

supported by capabilities (what people can do and be) and livelihood security 

(adequate resources and strategies to meet basic needs); and 

 Capability Theory of Justice (Nussbaum, 1997): articulates wellbeing within ten 

central human capabilities, namely to live a long-life; to have bodily health and 

bodily integrity; to freely use senses, imagination, thought, emotions, and practical 

reason; to have friendship and be respected; to live with and for other species; to 

play; and to exert control over one’s environment (political and material). 

These interpretations allow analysis of the complexity and subjectivity of what it means 

to achieve wellbeing and enable a deeper reflection around whether and how society is 

progressing or not. 

Technological innovation is one metric for measuring progress. Technology is a specific 

type of applied knowledge that is categorized into hard technology and soft technology 

(Phaal et al., 2004). The former refers to physical artifacts, generally associated with 

engineering and sciences; the latter refers to processes, structures, and behaviours. 

Technological innovation contributes to industrial growth and is believed to raise living 

standards and provide wellbeing. Innovation in science and technology has grown 

considerably, as evidenced by:   
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 Increasing allocation of global GDP to Research and Development (R&D); 

 Increasing number of researchers focused on R&D; 

 Rapidly increasing number of published scientific and engineering articles in 

scientific and technical journals; and 

 Steady increases in patent and trademark applications worldwide (WIPO, 2015; 

World Bank 2016). 

Although the evidences seem attractive, these statistics are not universal nor uniformly 

distributed across the global population and within some countries and demographics 

specifically. There remain significant inequities despite the investments in technology 

innovation as can be observed in these few selected examples: 

 1.5 billion people without access to electricity (UN Foundation, 2017); 

 2.9 billion people who can only cook meals over open fires (SE4ALL, 2015); 

 4 million people dying from diseases caused by indoor pollution (WHO, 2014b); 

 663 million people without access to safe water (UNICEF and WHO, 2015);  

 2.4 billion people lacking proper sanitation (UNICEF and WHO, 2015) and 1.5 

billion people per year affected by waterborne diseases (UNICEF and WHO, 2015); 

 863 million people without adequate shelter (UN Habitat, 2014); 

 795 million people without enough food to live (FAO, 2015); 

 3.1 million children dying per year due to poor nutrition (The Lancet, 2013); and 
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 250,000 incremental deaths expected between 2030 and 2050 due to impacts of 

climate change (WHO, 2014a). 

The roles that technology plays in the natural environment and human development are 

often approached via two concepts, namely planetary boundaries and social foundations. 

The planetary boundary concept (Figure 2.1) is a framework widely used by 

organizations such as World Wildlife Fund (WWF, 2011), Oxfam (Raworth, 2012), and 

Practical Action (Trace, 2016). It establishes safe limits for humanity to implement in 

order ameliorate risks of environmental deterioration (Rockstrom et al., 2009).  

 
Figure 2.1 Planetary boundaries (Stockholm Resilience Center, 2015 in Trace, 2016). 

(credit: F. Pharand-Deschênes/Globaia) 
 

The conceptual drawing notes eleven ecological changes that pose great issues to the 

globe, as well as two boundaries that create three zones in which we are operating within:  
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 A safe space, where the use of resources is sustainable and ecological, and social 

impacts are minimal;  

 A zone of uncertainty, where unknown consequences may arise from the use of 

resources; and 

 A zone beyond uncertainty, where the use of resources is sufficiently significant to 

risk ecological systems and global wellbeing.  

The boundaries are deliberately based on zones and not on specific points because there 

are several complex and interdependent variables involved with effecting ecological 

change and system-wide impacts. Because variables cannot be isolated and there remain 

unknowns about both cumulative and integrated impacts as well as holistic ecosystem 

functioning, the outcomes and impacts cannot be precisely projected or proactively 

managed.  

Where the concept of planetary boundaries may be effectively deployed to support 

environmentally and socially responsible engineering decision and technology innovation 

lies in the determination of actions (or possibly inactions) required to prevent, minimize, 

and mitigate against negative changes such that a safe operating space can be maintained. 

Trace (2016), and others agree including McBean (2014) and IDHP (2012), explains that 

the solution resides in two basic challenges: 

 Behavioral change and social transformation are focused on reducing ecological 

footprint and consumption levels, implementing earth-positive lifestyle changes, 

and changing behaviours in ways that benefit ecological functions and equity; and 
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 Technological change that is focused on developing and implementing technical 

improvements to assess, control, minimize, and avoid risks to ecological systems 

associated with human decisions and behaviours, and tied to education, policy, and 

political will as means to incorporation of evidence-based technology innovation.  

The concept of social foundations (or social boundaries) establishes the minimum social 

foundations, which are priority elements generally connected to natural resources, 

necessary to achieve universal human rights and wellbeing (Raworth, 2012). Figure 2.2 

illustrates the foundations and the extent of global populations that have achieved these 

social foundations.  

 
Figure 2.2 Social dimensions with deprivation gaps (Raworth, 2012). 
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Trace (2016) acknowledges that technology is a key element for the solution, or at least 

part of the solution, to enable whole populations to achieve minimum social foundations. 

The lack of technology tends to be linked to poor livelihoods and poverty.  

The integration of planetary and social boundaries is essential. Raworth (2012) argues 

that to promote a safe, inclusive, and sustainable space for development and technology 

innovation, it is necessary to operate within an environmental and social perspective, 

respecting limits (Figure 2.3).  

 
Figure 2.3 The doughnut diagram (Raworth, 2012). 
 

The figure clearly shows that technology plays a vital role in development and that 

improved governance systems that shape and control technology use and innovation 
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support development of the so-called doughnut economy (Raworth, 2012). Farley (2015) 

adds to this by noting that respect for these thresholds is necessary to meet basic human 

needs and preserve the natural environment as predicting both thresholds and the 

consequences of exceeding them is complex and imprecise. 

There are, however, technological changes and innovations that are required to remain 

within the boundaries, such as: 

 Energy technologies: clean and renewable technologies, carbon capture and storage 

technologies; 

 Agricultural technologies: low-input agro-ecology technologies, improved 

technologies for biodiversity conservation; 

 Water technologies: low-impact solutions for irrigation, rainwater harvesting 

technologies, moisture retention for soil, wastewater treatment, water efficiency, 

water reuse and water recycling technologies, and desalinizing technologies; and 

 Waste recycling technologies (Rockstrom et al., 2009; Trace 2016).  

Nearly all environmental issues require some intervention through technologies in the 

energy, water, and agriculture sectors.  

In the midst of rapidly shifting social and environmental conditions and increasing global 

inequities, the investments in technological innovation must be strategically planned such 

that potential for the occurrence and consequences of influence and interference across 

foundations and boundaries are understood. Thus it is necessary to approach the basic 

systems that drive most of the social foundations and the ecological processes, which 
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once developed, will promote development in other sectors and ensure the safe limits of 

planetary boundaries and minimum social foundations.  

2.1.1. Nexus Thinking 

The importance of the water-energy-food nexus brings clarity to the inseparable links 

between resources and the basic services necessary for provision of social foundations. 

Nexus thinking focuses on water, food, and energy security across populations and 

includes equity as a key component of security (WEF, 2011). Some variations on the 

theme include the intersection of climate within the nexus of land use-water-energy 

(Howells et al., 2013), the lens of food security within the nexus of water-energy-land-

food (Ringler et al., 2013), and perspectives of livelihood and environmental security 

across the nexus of water-energy-food-livelihood (Biggs et al., 2015; Figure 2.4).  



17 
 

 
Figure 2.4 Water-energy-food-livelihood nexus (Biggs et al., 2015). 
 

This nexus shows that energy and water are inputs for the food supply-chain, from the 

agricultural and industrial processes such as irrigation, sanitation, and machinery to the 

transport and distribution. According to UN-Water (2014), 70% of water usage is due to 

agriculture and 30% of the energy consumption due to the food supply-chain. On the 

other hand, while water is essential for many energy generation processes, such as steam 

power, hydroelectricity, and cooling towers, energy is also required to collect, treat, and 

transport water. Moreover, food production can contribute to maintenance of 

groundwater and agricultural and food wastes can be used as a biomass energy source.  
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Apart from the synergies between the resources in this nexus, there are some trade-offs 

that need attention when dealing with each system. For example, increasing power 

generation through biomass can increase the demand for water and land supply and 

decrease the availability for food production (UN-Water, 2014). Thus, part of the nexus 

analysis is the attempt to balance synergies and trade-offs between resources. 

The innovative approach of this nexus lies within the connection of the basic water-

energy-food nexus with livelihoods. Livelihood is defined as a means of making a living. 

Although the definition is simple, Chambers and Conway (1992) explain that the concept 

includes all capabilities, assets, and income activities, which ensure that basic needs are 

met. In this way, the connection makes sense. Water, energy, and food work as input for 

the livelihood strategies while livelihoods strategies interfere (preserving or deteriorating) 

these natural capitals.  

Analysing the planetary boundaries, the social foundations, the nexus approaches, and 

many other concepts related to sustainable development, it is possible to note that energy 

and water systems are vital to ensure a safe, just, inclusive, and sustainable space in this 

planet. On one hand, both systems are essential to the food chain, sanitation, 

transportation, and education and consequently contribute health, income generation, 

gender equality, social equity, and resilience. On the other hand, the systems are major 

contributors to environmental changes and deterioration if poorly used, or contributors to 

environmental conservation if strategically and sustainably operated. Tukker (2015) 

exposes that the fight against environmental deterioration and climate change rely on the 

increase of resources productivity such as water, land, and energy. 
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2.2 Technology Justice 

In this context of technological innovation as a driver of both economy and wellbeing, 

and considering how social and environmental issues challenge human rights, one can 

argue that TGSs must be bounded by social foundations and planetary boundaries to 

promote justice. The principle of Technology Justice refers to the scenario where all 

essential technologies are accessible to everyone and where innovation and development 

are driven by and focused on ending poverty and ensuring sustainability (Meikle and 

Sugden, 2015). Three global technology injustices, namely access to technology being 

unequal, technological innovation not being focused on the poorest populations, and 

unsustainable use of technology are a continuing challenge but can be overcome to meet 

the SDGs. Thus, it is possible to assess energy, water, and food systems in terms of 

Technology Justice to develop a functional and constructive framework that proactively 

and deliberately engages principles of equity and wellbeing. 

2.2.1 Rethinking Product Development and Project Management Systems 

Because accelerated technological innovation cannot currently address problems of 

access to basic services for the majority of the population nor global environmental 

issues, it is necessary to understand and change the models that guide technological 

development. Both globalization and market diversification have promoted technological 

changes to match new consumer profiles. In a competitive global market, innovations are 

more frequent since products are created purposefully with shorter life cycles (scheduled 

obsolescence) while simultaneously being required to produce higher quality at reduced 

costs (Silva 2012; Xin et al., 2008; Barnett and Clark, 1998). To sustain this economic 
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approach, new products must be developed strategically to satisfy consumer expectations 

and demands (Filippini et al., 2004).  

It is important to highlight the close relation between the product development cycle and 

the project development cycle. PMI (2004) understands that a project includes the phases 

that will result in the product itself. On the other hand, the product life cycle encompasses 

phases of product development, from the business plan to the launch and sales phase. 

PMI also adds that, in the case of new product development (NPD), organizations 

consider project lifecycle as part of the PD process (PDP). A project is understood as a 

unique and temporary set of operations designed to achieve a specific goal: the creation 

of a product or service (PMI, 2004). On the other hand, more than a project deliverable, a 

product is anything offered to a target population to satisfy a particular need or desire 

(Kotler et al., 2006). Thus, a product can be classified as tangible (physical systems, 

technologies, materials and goods) or intangible (services).  

Both project and product failures are common, with the main cause of product failures 

cited as a lack of clear understanding of customer needs (Ogawa and Piller, 2006) and 

projects failing as a result of not meeting their objectives and exceeding budget and 

schedule (White and Fortune, 2002). 

2.2.1.1 Product Development – Characteristics and Scenario 

PD is a scientific discipline that systematically organizes activities and processes in order 

to design products to a target market. Adherence to a reference model for PD facilitates 

the understanding, planning, and management of the innovation and improvement 

processes (Amigo, 2013), and reduces time and costs spent in the development of a 

specific model for a particular project (Salgado et al., 2010; Vernadat, 1996). Besides 
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guiding the innovation process, the reference model can be used to evaluate 

improvements, structure processes, implement tools and also for research, training, and 

education (Amaral, 2008). 

There are several PDP classic models available in the literature, such as the ones 

developed by Clark & Fujimoto (1991), Pugh (1991), Wheelwright and Clark (1993), 

Ulrich and Eppinger (1995), Ullman (1997), Baxter (1998). So in 2006, Rozenvelt sought 

to integrate the characteristics into a unified model that systematizes best practices and 

concepts (Figure 2.5). Accepted as one of the most complete reference models in the 

literature, this model serves as the focus of discussion in this paper. 

 
Figure 2.5 Rozenvelt’s Product Development Process (Junior et al., 2015). 
 

The main feature of the unified model is the division of the PDP into 3 macro-phases: 

Pre-development, Development, and Post-Development. The best practices are translated 

into micro-phases and activities within each macro-phase, as follows: 

1. Pre-development: strategic product and project planning  
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 Product strategic planning: involves the review, analysis, and update of the Product 

Portfolio as part of the Businesses Strategic Plan of the organization; 

 Project Planning: includes activities of the basic reference model of project planning 

(PMI, 2004) such as the definition of the stakeholders, scope, activity sequences, 

scheduling, costs, risks, performance indicators, and communication plan; 

2. Development: product planning, from design to manufacturing and launch;  

 Informational Project: defines the requirements of the client and translate them into 

product specifications and features; 

 Conceptual Project: defines components, subcomponents and systems (CSSs), 

ergonomics and aesthetics to meet the required specifications, plans the 

manufacturing macro-process, and defines the suppliers; 

 Detailed Project: involves the designs of the manufacturing, assembly and packing 

processes, the life-cycle planning, and the optimization of all the processes previous 

planned; 

 Preparation for Production: includes obtaining and installing the resources, 

producing the pilot lot and standardizing the process, certifying the product, and 

training the employees for production and quality maintenance; and 

 Product Release: involves planning the release of the product in the market and 

monitoring its cycle as well as developing the selling, distribution, marketing, 

customer support, and technical assistance processes. 



23 
 

“Gates” are implemented at the end of all Development micro-phases to include review 

and update to the economic viability plan, ensure evaluation and approval of activities, and 

documentation of decisions and lessons learned. 

3. Post-Development: control, monitoring and audits of in-market product performance 

 Follow the Product and Process: includes monitoring the product’s economic and 

technical performance and the production and services processes, and evaluating 

client satisfaction; 

 Discontinue Product: covers the planning for product and production discontinuity, 

receiving the product, and ending the project. 

The Unified Model also incorporates the Process of Support, which involves 

Management of Engineering Changes and PD Improvements to support identification, 

planning and implementation of changes and improvements throughout. Often, the failure 

of new products is associated with inadequate use of models, tools, and techniques to 

support PD (Yeh et al., 2010; Salgado et al., 2010). 

As more sustainable products come into development, Gença and Benedetto (2015) show 

that integrating an environmental specialist in the project team can improve sustainability 

design and performance. The authors go on to say that, although cross-functional 

integration is vital to the success of a product, there are very few studies that truly 

integrate environmental sustainability into PD. To date, integration efforts have focused 

on redesigning processes (Porter and van der Linde, 1995 apud Genç and Benedetto, 

2015) and incorporating green materials and packaging (Siegel, 2009 apud Genç and 

Benedetto, 2015), including the concept of Design for Excellence, discussed in a later 

section. 
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In a scenario where Technology Justice is an essential element of PD processes to 

alleviate poverty and control environmental impacts, the development of systematic tools 

that support a safe, just, and sustainable technology governance system is required. In 

their 2010 review of PD frameworks and applications, Salgado et al. demonstrated the 

lack of models and frameworks available to support Technology Justice. Although the 

model developed by Alvarenga (2006) aims to develop inclusive products, which is 

aligned with the principles defended here, there are several characteristics that fail to 

comprehensively promote the concept of Technology Justice. Even Rozenvelt’s Unified 

Model is not fully applicable, as noted by Pereira and Júnior (2013) who remind us that 

the Unified Model was originally conceived to develop industrial products and is based 

solely on metrics of success such as revenue, profit, market share, lead-time, and 

productivity (Cohen et al., 1996), which do not inherently align with Technology Justice. 

Based on a review of the literature, it is apparent that a model for technology 

development (both hard and soft aspects) that behaves as though people and Earth matter 

and provides organizations and community networks with a tool to guide projects in 

vulnerable communities is needed. Such a model relies on a team that includes engineers, 

designers, and local community members to become part of the full development process 

rather than being locked in separate silos. 

2.2.1.2 Project Management – Characteristics and Scenarios 

Project Management (PM) is a scientific discipline that systematically organizes activities 

in order to meet project requirements. It brings together an interdisciplinary set of 

knowledge from psychology, marketing, engineering, businesses, and mathematics 
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sciences in a methodology that guides and controls the design, implementation, and 

monitoring of a project.  

Similar to the discussion of PD models, adherence to a reference PM model, such as the 

Project Management Body of Knowledge (PMBoK) can minimize risks of failures 

(Hällgren et al., 2012). In PMBoK, processes are organized into 5 groups: 

1. Initiating: identification of needs, feasibility, definition, project charter, and project 

manager; 

2. Planning: creation of PM plan including scope, activities, schedule, resources 

(material and human), budgets, communication, and risk planning; 

3. Executing: development and management of the project implementation process, 

project team, and stakeholders; 

4. Monitoring and Controlling: quality, risks, schedule, costs, and scope control; and 

5. Closing: process documentation, auditing, and contracts closure. 

The PMBoK also addresses 10 management areas: integration, scope, time, cost, quality, 

human resource, communication, risk, procurement, and project stakeholder management 

(PMI, 2004). Projects are divided into phases that vary according to project complexity 

and size. Figure 2.6 provides an overview of the typical phases of a project life cycle. 
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Figure 2.6 Project Life Cycle (PMI, 2004). 
 

The diagram in Figure 2.6 shows that each phase begins with creating specific 

deliverables and ends with a review of the achievement and quality of deliverables (PMI, 

2004). 

Although efficient and widely used, these models are generally not applicable or easily 

adapted to vulnerable communities as the principles do not cultivate a community-based 

perspective aligned with ecosystems conservation. Projects in vulnerable communities 

are focused on the collective and present a diverse pool of actors participating in the 

decision-making processes and being influenced by the results and impacts (Ramírez et 

al., 2015). Thus, it is necessary to develop a model more suitable to guide projects aiming 

to empower the vulnerable. 

 

2.3 Tools 

Online and open-source platforms, such as PDP Net, provide explanations and details of 

the Unified Model, including tools and methods. The PDP Net includes general and well-

known tools such as SWOT Analysis, Failure Modes and Effects Analysis (FMEA), 

Quality Function Deployment (QFD), Six Sigma, Lean Manufacturing, as well as more 
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specific models based on finances, statistics, marketing, and ergonomics (PDP Net, 

2010). Within the scope and objectives of this research, those tools deemed most 

important and applicable for the intended applications include Design for Excellence (aka 

Design for X) and Social and Environmental Life Cycle Assessment. 

2.3.1 Design for Excellence 

Design for Excellence, aka Design for X (DfX) is not a single tool, but rather a set of 

techniques that determine specific design guidelines to support PD focusing on a 

particular “X” factor that is deemed essential for the product, its use, and the market in 

which it is being designed and implemented. The “X” can serve as a variable such as 

Recycling, Serviceability, Environment, Reliability, or Safety. That is, Design for 

Recycling provides strategies to facilitate the dismantling of products at the end of their 

useful life such that the parts can be reused or reformed into new and different products 

(Pahl et al., 2005). Design for Environment (DfE) aims to ensure environmental 

protection, human health and safety, and sustainability of natural resources through 

Lifecycle Analysis (LCA) and Information Technology (IT) (Fiksel, 2009). There are 

several variables that can serve as “X”, depending on community and/or market needs 

and values. The techniques for DfXs are not a prescriptive framework, but rather serve as 

tools (guidelines, metrics, feasibility checks) that support and integrate different 

perspectives in the creation and evaluation of the design to optimize features and 

performance. 
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2.3.2 Social and Environmental Lifecycle Assessment 

Life Cycle Assessment (LCA) is a quantitative tool to measure social and/or 

environmental impacts across all stages of a product’s life and within four phases 

(Hauschild et al., 2005):  

1. Goal and scope definition: intended use of LCA and its goals, boundary conditions 

– temporal, technical, and other parameters – are determined; 

2. Life cycle inventory (LCI): quantify all the inputs – energy, raw material, 

environmental releases – associated with all stages; 

3. Life cycle impact assessment (LCIA): characterize and assess the potential effects 

of the inventory on the areas of protection – human health, natural environment, 

natural resources, and man-made environment – of the LCA; 

4. Interpretation: evaluation of results according to the scope and identification of 

opportunities to reduce environmental burdens.  

Chang et al. (2014) determined that the application of Environmental LCA can be 

hindered by vague definitions, uncertain inventory data, fuzzy environmental impacts and 

trade-offs, and inaccurate interpretations. Therefore, they recommend DfX, analytical and 

numerical methods, data mining techniques, and decision support tools to mitigate the 

challenges during the implementation of the phases (Chang et al. 2014). Like 

Environmental LCA targets environmental assessments, Social LCA can be applied to 

assess social and socioeconomic impacts across a product life based on UNEP Guidelines 

(Lehmann et al., 2013; UNEP 2009). The social indicators used in Social LCA may 

include quantification of jobs created, assessment of the minimum wage, and percentage 
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of child labour involved as associated with workers, consumers, directly affected 

communities, society-at-large, and value chain actors. 

O’Brien et al. (1996) created the SELCA method by combining Social and 

Environmental LCA methodologies. The key contribution of SELCA in project 

development versus separate LCA methods is the evaluation phase in which social and 

environmental findings are organized in two separate tables alongside a third table 

outlining the interrelating outcomes. The addition of consultation, publicity, and explicit 

action requirements in SELCA also set it apart from more conventional LCA approaches. 

2.3.3 Universal Design 

Universal Design is the concept of designing a product or an environment that can be 

used by everyone, in the best range of diversity possible (e.g., all ages, sizes, ability or 

disability) without the need for adapting the project or product (National Disability 

Authority, 2012). A project or product created with a Universal Design basis focuses on 7 

design principles (National Disability Authority, 2012): 

1. Equitable Use: it targets diverse range of abilities; 

2. Flexible Use: it is adaptable for the user particularities such as pace and dominant 

hand; 

3. Simple and Intuitive Use: it is easy to understand independent of skills such as 

operational knowledge and language; 

4. Perceptible Information: it easily communicates essential information such as 

instructions for use; 
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5. Tolerance for Error: it minimizes hazards and provides safety measures; 

6. Low Physical Effort: it is comfortable for all users; 

7. Size and Space for Approach and Use: it is ergonomic for all users. 

In other to create solutions suitable for addressing the needs of an entire population, it is 

essential to understand the target market. Knowing the complexity of populations, the 

following design pyramid outlines the extent to which an inclusive product can address 

the needs and expectations for an entire population (Figure 2.7).  

 
Figure 2.7 Population Diversity (University of Cambridge, 2015). 
 

A minority of special needs must be accommodated individually as requiring more 

specific solutions. 
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2.3.4 Circular Economy  

Circular Economy is a philosophical concept that promotes a design where there is a 

continuous flow of technical and biological materials. The Circular Economy Design 

Cycle enhances natural capital, circulates products to the highest utility, and minimizes 

negative externalities. Concepts such as cradle-to-cradle design (Braungart & 

McDonough, 2002), industrial ecology (Ellen MacArthur Foundation, 2015), biomimicry 

(Biomimicry Institute, n.d.), blue economy (Pauli, 2010), and natural capitalism (Hawken 

et al., 1999) provide foundation for the Circular Economy approach (Ellen MacArthur 

Foundation, 2015) (Figure 2.8). 

 
Figure 2.8 Circular Economy System Diagram (Ellen MacArthur Foundation, 2015).  
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The feedback loops ensure that materials are reused (back to users), refurbished (back to 

service provider), remanufactured (back to manufacturing process), and recycled (back to 

materials processor). The power for the activities is sourced from renewables and not 

only the energy but all materials and products are recovered and regenerated at the 

completion of each process.  

2.3.5 Sustainable Livelihoods Approach 

Sustainable Livelihoods Approach (SLA) is a holistic analytical concept that incorporates 

different elements interacting with each other and creating different livelihood outcomes. 

Different agencies have developed different SLAs, but the fundamental principles that 

govern them are the same. The Department for International Development (DFID)’s 

model (Figure 2.9) is the basis of this review.

 

*H, N, F, P S represent Human, Natural, Financial, Physical and Social capitals, respectively. 
Figure 2.9 DFID’s Sustainable Livelihood Framework (DFID, 1999). 
 

The SLA combines 5 elements to provide an understanding on the livelihood dynamics 

and the current standard of living of a community. The first element is capital assets, that 

is, resources accessed by households such as human (skills and knowledge), physical 
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(shelter, water, energy and other systems), social (networks), natural (environmental 

resources), and financial capital (Scoones, 2015). The second includes those that 

transform structures and processes such as government with its regulations, society with 

its norms, beliefs and systems, and market with its investment and involvements. The 

third is the vulnerability context in which the community exists, such as natural disasters, 

and trends. In this scenario, households create strategies to address livelihoods (fourth 

element) that, when combined, produce several outcomes (fifth element) such as income 

generation and well-being. As noted by Scoones (2015), it is important to see livelihoods 

in terms of a diverse array of strategies. When the forces of influence that affect 

livelihood choices are better understood, different strategies can be adopted to increase 

outcomes benefits (e.g., resilience and access to basic needs). 

2.3.6 Environmental Livelihood Security 

Biggs et al. (2015) recognized the inter-linkages of the water-energy-food nexus and 

livelihoods as shown previously (Figure 2.4). From the concept of sustainable 

livelihoods, the Environmental Livelihood Security (ELS) approach was thus created, 

integrating the SLA to the basic security nexus (Figure 2.10). 
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Figure 2.10 Environmental Livelihood Security (Biggs et al., 2015). 
 

As a framework, the ELS guides the investigation into the question “how to achieve 

environmental livelihood security?” In other words, it investigates how to achieve 

sustainable livelihoods and, at the same time, ensure environmental security. Analysing 

the framework, it is notable that the answer relies on creating a balance between human 

demands (livelihoods strategies add pressure to natural environment via resource use and 

waste production) and natural supply (natural environment pressures added to livelihoods 

strategies as related to resources depletion, natural disasters, and climate change). 
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2.3.7 Permaculture as a Framework Resource 

Permaculture is a design system for the creation of sustainable human environments that 

are ecologically correct and economically viable. Permaculture design uses four sets of 

components in planning that include local (e.g., water, earth, landscape, climate, plants), 

social (e.g., policies, people, culture, and finance), energetic (e.g., technology, 

connections, trade infra-structure, sources), and abstract (e.g., time, data, ethics). For 

development of a sustainable project, three principle ethics at the core of permaculture 

must also be addressed, including care of the earth (i.e., care of all things, living or non-

living), care of people (i.e., meeting basic needs), and excess contribution (i.e., 

cooperation in terms of time, money, and energy) (Mollison, 1988). The core of the 

methodology resides in sector planning (Figure 2.11), in which a community is zoned 

according to an element’s priorities, importance and proximity requirements. 

 
Figure 2.11 Permaculture Zones (Birnbaum and Fox, 2014). 
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Permaculture Design is supported by several techniques and strategies such as resource 

assessment, analysis of elements, slope and orientation analysis, topographical maps, 

feedback loops, community engagement, and others (Mars, 2005). 

 

2.4 Sustainable Behaviours 

Access to technologies is not sufficient if not appropriately engaged and used in such a 

way that sustainable behaviours are realized. As Trace (2016) explains, although 

innovation and accessibility to technologies are essential to ensure social foundations and 

secure planetary boundaries, control over technologies use is critical to the sustainability 

and efficacy of technologies. Part of the strategic planning of NPD is to predict and shape 

consumer behaviour through marketing mechanisms. However, literature has shown that 

conventional mechanisms are not as effective when dealing with environmentalism and 

green marketing (Mackenzie-Mohr, 2011). However, such issues are not restricted to 

environmentalism and green marketing, as evidenced by the need for different NPD 

strategies for developing new markets (Chandra and Neelankavil, 2008). Thus, 

engagement of the target population to sustainably and safely accept and use appropriate 

technologies and design requires understandings of current attitudes and behaviours and 

working to foster new ones.  

Environmental psychologists study non-conformity of attitudes with behaviours noting 

that attitude refers to a favourable or adverse predisposition toward a target object or 

issue that is one, but not the sole, driver of behaviour (Shaw et al., 2016; Ertz et al., 2016; 

Vaccari, 2014; Csutora, 2012; Young et al., 2010; Samara and Morsch, 2005). Attitude 

includes the cognitive (beliefs), affective (feelings and emotions), and conative 
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(intentions) (Vaccari, 2014), while behaviour refers to actions and is influenced by three 

primary forces that include attitudes (personality and values), as well as environmental 

factors like culture and social class and cognitive factors such as information and 

knowledge (Blackwell et al., 2009; Peter and Olson, 2009). Thus, the gap attitude-

behaviour is understood as the predisposition to engage in a specific action but the non-

fulfillment of it (Vaccari, 2014).  

In view of the principles of Technology Justice, this study focuses on social marketing 

science for promoting behavioural changes once a just technology aims to benefit the 

society as a whole. Social marketing uses market drivers and mechanisms to achieve 

social goals, promoting voluntary behaviour change that benefits everyone (Kotler et al., 

2002). Such changes can be acceptance or rejection of a new behaviour, or modification 

or abandonment of an old behaviour. The benefits of social marketing include increasing 

wellbeing, consideration of target population’s point of view, focus on sustaining the new 

behaviour, and de-marketing the disadvantageous ones as well as flexibility to approach 

different stakeholders and increased chances of partnerships (Peattie and Peattie, 2009). 

According to Truong (2014), social marketing draws upon different mechanisms to create 

strategies and promote behaviour change. Due to the importance of community 

participation in the technology governance system, the toolkit contained within 

Community-Based Social Marketing (CBSM) is further evaluated as a mechanism for 

fostering community level sustainable behaviours (Peattie and Peattie, 2009). 

2.4.1 Community-Based Social Marketing 

Behaviour-change campaigns have been mainly focused in the information-intensive 

approach, where either enhancing knowledge and encouraging supportive attitudes 
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(Attitude-Behaviour Approach) or promoting economic advantages (Economic Self-

Interest Approach) are intended to foster constructive behaviour changes (Mckenzie-

Mohr, 2000). In Fostering Sustainable Behaviours, Mackenzie-Mohr compiles several 

case studies documenting the inefficacy of information-intensive programs for changing 

behaviours and, instead, points to CBSM as a pragmatic potential solution (McKenzie-

Mohr, 2011). Anda and Temmen (2014) and Kennedy (2010) share these arguments and 

confirm the validity of CBSM. 

CBSM is social marketing model drawn upon direct communication and community 

level initiatives employing mechanisms and tools to identify and remove barriers to 

change (Kennedy, 2010). The premise of CBSM includes analysis of and approaches to 

overcoming reasons why individuals do not engage in sustainable behavioural change. 

When individuals do not understand or know the benefits of change; there are perceived 

barriers to change; and/or there are perceived benefits from current behaviour 

(McKenzie-Mohr and Smith, 1999), it is unlikely that individuals will be induced to 

effect change. Thus, to overcome these issues and promote the desired behaviour, CBSM 

presents four steps (McKenzie-Mohr and Smith, 1999):  

 Uncovering barriers to behaviours and selecting which behaviour to promote;  

 Designing a program to overcome barriers and promote the desired behaviour;  

 Piloting the program;  

 Evaluating the program. 

Lynes et al. (2014) highlights that in this model the desired behaviour must be non-

divisible (i.e., it cannot be divided into smaller, more specific behaviours) and there is a 

clear positive end-state (i.e., the behaviour action will promote a specific improvement).  
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Through the lens of CBSM, the SCDF is developed in such a way to produce a holistic 

methodology that is influenced by several schools of thought.  
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3 FRAMEWORK DEVELOPMENT AND DEMONSTRATION METHODS 

Scientific research itself is about creating and developing knowledge that will add to the 

pre-existing body of knowledge (Karlsson, 2009). This study has an applied nature as it 

aims to contribute to the generation of knowledge (Karlsson, 2009), integrating both 

exploratory and explanatory phases, in addition to several procedures and investigative 

methods.  

The focus is the development of an applied research framework intended to empower 

communities and support creation and implementation of products and technologies that 

are appropriate, socially responsible, and environmentally beneficial. To that end, a 

variety of methods were employed to define potential solutions to community issues, 

create and develop a supportive framework, and evaluate the framework through a 

conceptual demonstration. 

In order to guide the research steps, this study uses a methodological approach known as 

Design Research Methodology (DRM), which includes four phases: Research 

Clarification (RC), Descriptive Study I (DS-I), Prescriptive Study (PS), and Descriptive 

Study II (DS-II) (Blessing & Chakrabarti, 2009). Additionally, the author points out 

seven types of research within the DRM framework (Table 3.1). 
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Table 3.1. Types of research projects (Blessing & Chakrabarti, 2009). 

 
 

The RC stage is concerned with establishing the overall research plan and a preliminary 

understanding. The plan includes defining the research questions and hypothesis, and 

establishing the goals, focus, and problems. And the preliminary understanding includes 

developing the initial reference through reviewing relevant areas and defining the current 

and desired context. Following, the DS-I stage consists on expanding the understanding 

of the situation and detailing the factors that influence the context described in the RC. 

The PS is the stage where the researchers determine the factors to be addressed based on 

the previous phases and develop an impact model to address the key factors. A part of the 

impact model is then selected to be evaluated in detail, and later, the researchers develop 

the intended support and evaluate it. And finally, the DS-II stage addresses the usability 

of the support evaluating its application on the context it was developed for (Blessing, 

2010). 
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The research type 3 is the one more appropriate for this study due to its purpose and time 

constraints.  The RC and DS-I are developed in the systematic literature review in 

Chapters 1, 2 and the beginning of Chapter 4 (Section 4.1). The PS is contained in 

Chapter 4 and it is developed based in a comprehensive approach, that is, a study where 

the researcher develops support (Blessing & Chakrabarti, 2009). Chapter 5 and 6 

represents the DS-II, where an initial study is developed to demonstrate and establish 

overall conclusions. Blessing & Chakrabarti (2009) explain that this initial study closes 

the project providing a draft of the steps that shows the application or consequences. 

Thus, the description of methods identified and chosen for this research include the three 

key sets of activities to define the framework in terms of theory, to develop the 

framework on the basis of theoretical underpinnings, and to demonstrate or evaluate the 

framework based on available information and without wholesale implementation within 

a community where impacts of such activities, including trust, are at play. 

 

3.1 Research Clarification and Descriptive Study I 

The first part of this research relies on an in-depth investigation and systematic review of 

the theoretical foundations for appropriate technologies, poverty and technological 

governance, community democracy and economic growth, and other aspects of 

engineering design and development that impact community sustainability and self-

sufficiency. The identification and development of the theoretical underpinnings of this 

research project required a systematic approach that included literature review of both 

peer reviewed articles and industry-specific information, personal communications with 

non-governmental and charitable organizations, participation in workshops and seminars 
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on community-engaged research and community-based social marketing, and 

presentation of concepts and theories to community groups from developing countries. 

From these activities and quest for theory, the exploratory research orienting the 

objectives and hypothesis formulation and validation became possible.  

3.1.1 Literature: Peer and Industry 

For the development of the literature review, the RBS Roadmap model (Figure 3.1) is 

used as a guiding tool. The model was developed to support PD and PjD management 

researches by providing the state-of-the-art understanding of the topic of interest 

(Conforto et al, 2011). 

 
Figure 3.1. Model for RBS Roadmap (Conforto et al, 2011). 

This literature review was conducted in two parts: RC and DS-I, as already mentioned. 

The literature review for the RC was oriented by the four gaps stated in the Section 1.1: 

1) What is the current scenario of the technology governance system? 

2) What is the current scenario of the PD and PjD models? 

1. INPUT
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1.4 Search Strings 

1.5 Inclusion Criteria

1.6 Qualification Criteria

1.7 Method and Tools

1.8 Scheduling

2. PROCESSING

2.1 Search

2.2 Result Analysis

2.3 Documentation

3. OUTPUT

3.1 Alerts

3.2 Registration and File

3.3 Result Synthesis

3.4 Theoretical Models
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3) What are the relevant tools and school of thoughts that can support the PD and 

PjD processes in this context? 

4) Is there a gap between attitude-behaviour? If so, how can we overcome it? 

The literature review for the DS-I has the objective of detailing the previous 

understanding and also focuses the assessment in the global energy and water systems. 

Thus, in addition to the previous four questions, the following oriented this RBS: 

5) What is the current scenario and potential solutions for energy and water poverty? 

3.1.1.1 Input 

All the input phases were applied in this research, with exception of scheduling. The 

literature search and review began with an assessment of publicly accessible papers based 

on the work led by a few well-known and defined global leaders in the field: 

 UK Department for International Development (DFID);  

 Institute for Development Studies at the University of Sussex; 

 Mortensen Center in Engineering for Developing Communities at the University 

of Colorado;  

 International non-governmental organizations Practical Action and Oxfam;  

 Research group, International Network on Appropriate Technologies (INAT); and  

 Environmental psychology consultancy company McKenzie-Mohr & Associates. 

Several articles were selected from these sources to serve as the primary source of theory 

information and also informed further literature searches by supporting development of 

keywords and strings (combination of keywords using logical connectors), main authors 

and supporting literature. 
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From there, a series of specific and targeted literature searches for peer reviewed 

scientific articles was conducted using both the University of Regina Library’s electronic 

databases and Google Scholar. The search was completed through cross-referencing, an 

indirect search through assessing articles cited in the primary sources, and by using the 

keywords and strings as defined in step one of the literature search process, described 

above. 

The keywords included: technology justice, product development models, project 

development models, development project, sustainable product and project management, 

sustainable design, ethical design, vulnerable communities, energy poverty, water 

poverty, water-energy-food nexus, renewable technologies, sustainable technologies, 

appropriate technologies, social technologies, technology innovation process, 

participatory approaches, sustainable behaviours, gap attitude-behaviour, social 

engineering, sustainability in developing countries, permaculture, industrial ecology, 

sustainable systems, and sustainable livelihoods and wellbeing.  

The resulting lists of articles were prioritized for those in which global approaches were 

presented, meaning that the research was not limited in application or understandings to a 

specific place or narrowly defined geographic location, and that the concepts could be 

replicated elsewhere. Duplicated work and work that was not freely available were 

excluded. Articles published from 2000 and more current were prioritized. However, 

some older literature was deemed acceptable if the author and/or research content were 

relevant in the context for which the current research was taking place. Other filters used 

to refine the search were purpose of the research (solving social and environmental issues 

in a simple way) and the interdisciplinarity of the approaches presented. The works listed 
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were analyzed, selected, and documented in a structured way in order to conduct a line of 

logical thinking, framework essentials, and easing the flow of information.  

Based on these literature analyses, the PD and PjD models were selected for their 

adherence to research metrics and theoretical requirements in terms of broadness of 

application, completeness of approach, and flexibility in implementation (both 

geographically and in purpose). Following on these models, the selections for schools of 

thought were made based on interdisciplinary, participatory and global approaches, and 

focus on social foundations, planetary boundaries and/or target audience (i.e., vulnerable 

people). 

3.1.1.2 Processing 

Once the inputs were defined, the search itself was conducted and analysed through text 

reading and filter application in an iterative process. The step of documentation was not 

applied in this study, because this process is not vital and it requires specific software for 

managing the data extraction. 

3.1.1.3 Output 

The registration of alerts was made in the sources of most interest in order to be updated 

with new publications in the field. Then, the selected reference works were synthetized, 

documented in the thesis, and registered in the bibliography.  

The result of this process (added with the information retrieved from personal 

communications, workshops and seminars, and connection with communities) is a 

theoretical model, which proves the gaps and points out potential solutions for the 

context. 
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3.1.2 Workshops and Seminars 

During the development of this thesis, the author attended the following workshops and 

seminars: 

 Community-based Social Marketing (Basic and Advanced Training); 

 2016 Fair Trade National Conference; 

 7th International Conference on Appropriate Technologies; and 

 NextUp Leadership Training on Social and Environmental Justice;  

The participation in these extra-curricular activities provided knowledge and information 

that were integrated in the development of this study. 

3.1.3 Connection with Communities and Personal Communications 

Through the events attended, the author informally connected with members and 

representatives of several vulnerable communities such as the village Unión Victoria and 

the NGO Comunidades de la Tierra, in Guatemala; the First Nations reserve Little Pine, 

in Canada; the organization Sudanese Knowledge Society, in Sudan; and the village 

Monde Village, in Zimbabwe in order to better understand their reality, main issues and 

needs. The author also used these opportunities to present his concepts and theories and 

get a previous and informal validation of the work. 

 

3.2 Prescriptive Study 

From the analyses of theoretical underpinnings and work with communities to identify 

key issues that are linked with theory, a baseline was created and boundaries (scope) for 
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the research were established. Hence, the development phase of the methodological 

approach to research began with assessment of potential solutions in Chapter 4.  

The approach to develop the Impact Model began with theory focused on energy and 

water sectors, as noted earlier. With documentation of theory and challenges related to 

these issues, it was then possible – and necessary – to initiate the exploratory research 

phase in which the highlighted issues and opportunities were deployed and analyzed 

within a reference to developing countries, social justice, and technology justice.  Once 

these key factors to improve the existing situation were defined, Clean Social Technology 

was chosen to be the addressing focus for this study. The reason for this choice is the 

technological character of this factor, which resonates with engineering science.  In order 

to confirm compliance with stated goals and objectives for smart community design and 

community-engaged outcomes, the characterization of CSTs was completed using the 

needs and necessary features identified in the literature review (that are missing in the 

conventional technologies), and comparing, integrating and structuring the 

appropriateness indicators (described in Bauer and Brown, 2014).  

The other two sections of Chapter 4, “Smart Community Development Framework” and 

“Design for Responsible Engineering” are the ones where the intended support is 

developed. Utilizing the PD Unified Model, the PMBoK and the CBSM, all described in 

the literature review, an integrated project-product development model was designed with 

the objective of supporting the Impact Model and empowering vulnerable communities 

through the implementation of CSTs.  The schools of thought were used as tools and 

resources for the design. 
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The main design criteria were same the 7 main features of a CST, which is explored in 

the section 4.2. Besides, the design must also: 

 Be interdisciplinary and innovative; 

 Be flexible in a way that can serve any audience, be adapted to any contextual 

constraints, and be used by any type of organization or individual;  

 Assume the truth as subjective and dependent on the context, considering people 

perception about their reality as important as statistics;  

 Be holistic in a way that improve livelihoods, lifestyle, wellbeing, and resilience 

while ensuring the social foundations, protecting the planetary boundaries, and 

safety of all; and 

 Ensure that behaviour change is occurring and not only positive attitude 

increasing. 

 

3.3 Descriptive Study II 

The last part of this work consists on an initial study of the conceptual demonstration of 

the support, documented in Chapter 5. The overall conclusions and recommendations are 

also part of the DS-II, presented in Chapter 6.  

The demonstration, referred to as calibration, of the framework was purposely limited to 

a case study analysis in an effort to be authentic to the purpose and goals of the 

framework related to engagement and trust within a community to make optimal 

decisions. Conceptual evaluation allows for demonstration of the framework without 

putting directly at risk the relationships and expectations of a community. Thus, a 
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compromise was found working with a non-governmental organization whose work 

involves support for communities facing the exact challenges for which the developed 

framework is intended. 

The framework used to develop the case study is the support itself, that is, the SCDF. 

Then, once the unit of analysis is defined (a vulnerable community in this case), an 

attempt to conceptually implement the SCDF steps was made. 

The unit of analysis was Unión Victoria, a village from the municipality of Pochuta in 

Chimaltenango, Guatemala. The community was chosen due to a request from the 

organization Wakami, which execute projects there, to develop a permaculture project in 

the place. The opportunity to connect with a vulnerable community and develop 

international collaboration was then embraced. This study became the result of the 

attempt to create an innovative intervention. 

The small size and importance of the village in a national and global context posed a 

challenge for developing the baseline assessment as there was not enough information 

available on the internet. The data collected focused primarily on the Guatemalan 

National Census from 1994, 2002 and its projections for 2009.  

The location of the community over international borders also posed a challenge, once 

the logistics became an obstacle to communicate with the local people and analyze the 

terrain. So, apart from the statistics, the employees from Comunidades de la Tierra 

(partners of Wakami) provided with the necessary information to execute the 

demonstration. This information was transmitted through a report by email and by video-

calls. The data was triangulated and documented in order to serve as the baseline 

assessment for the demonstration. 
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Adaptations in the framework were needed due to the challenges faced, the available 

resources, and the time constraint, what is consistent with the purpose of a reference 

model. The conceptual project was formulated and documented to give designers and 

project managers a general idea on how to use this tool.  

Furthermore, a general analysis of the results and recommendations for future studies was 

made. 
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4. RESULTS AND DISCUSSION 

Based on the technology governance system scenario, this thesis began as a journey into 

socially responsible approaches for identifying and assessing potential solutions to tackle 

root issues of the nexus (Figure 2.4) and for creating, in the words of Raworth (2012), a 

safe, inclusive and sustainable space for development. Thus, this chapter includes 

discussion of the 5 overarching results and approaches to addressing the four gaps 

initially identified. The results are packaged for ease of communication and audience, as 

follows:  

 Result 1: Fostering ESSs is a way to promote technology justice; 

 Result 2: ESSs can be achieved by integrating three dimensions – CSTs, 

Education, and Policy; 

 Result 3: Definition and characterization of CSTs; 

 Result 4: Development of SCDF and DfRE to support CSTs development; 

 Result 5: Framework demonstration. 

Results 1 and 2 are presented together in the section 4.1 “Assessing Solutions”. Result 3 

is described in section 4.2 “Clean Social Technologies”. Results 4 and 5 are provided in 

sections 4.3 and 4.4 and are the core of this thesis, where the integrated framework is 

developed, discussed, and briefly demonstrated as permitted within the research goals 

and approach. 
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4.1 Assessing Solutions 

This assessment aims to find potential solutions for the technology governance system 

and occurs primarily through the lens of the global energy system, later expanded to 

water systems, which combined are the basis for food production and livelihood 

strategies.  

4.1.1 Energy Systems and Technology Justice  

Energy poverty is understood as either a lack of or inadequate access to the total energy 

required by a community to meet basic needs (González-Eguino, 2015). Access is a 

complex relationship of intersections with quality, safety, reliability, affordability, and 

usage goals, including conversion technologies that permit energy use for other purposes, 

such as heating or cooling. González-Eguino (2015) discusses three approaches for 

evaluating and quantifying energy poverty: (1) accessibility to modern energy services 

(technological threshold), (2) accessibility to adequate energy to meet basic energy 

consumption needs (physical threshold), and (3) accessibility according to income 

availability to spend on energy (economic threshold).  

The lack of access to energy causes several social and economic impacts, many of them 

invisible to a superficial evaluation. Two of the major negative consequences to a lack of 

energy are increasing hunger due to low food productivity (bad irrigation systems) and 

absence of conservation means (equipment such as fridges); and increasing health 

problems and mortality rates due to poor nutrition, dangerous water quality, poor sanitary 

conditions, and an absence of medical services (installations, manufacturing of drugs, and 

the inability to transport people and supplies). All of these systems require energy input 

to function (Goldenberg, 2012).  
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In the same way, a lack of energy can be a barrier to improving education because media 

and educational resources often rely on energy, and a lack of transportation is an obstacle 

for participation in governance and transport of instructors and students alike. A lack of 

energy further serves as an obstacle for development because all industrial processes, 

transportation, and communication systems require energy to function (Kaygusuz, 2012). 

Without transportation options, vulnerable people cannot qualify for many jobs, supplies 

are not available in communities, and leisure opportunities are a luxury that many cannot 

access or afford. Therefore, access to energy is vital to meet basic needs, to ensure 

sustainable livelihoods, and to establish an acceptable living standard and wellbeing 

based on securing the balance of the basic nexus, social foundations, and planetary 

boundaries.  

The current global economic system is based on burning fossil fuels to generate energy. 

This process releases pollutants into the environment and it depletes reservoirs that are 

considered non-renewable (Poizot & Dolhem, 2011).  Moreover, poor communities still 

rely on biomass as energy source, and women, mainly, input high time and effort to find 

the source, collect it, and carry the weighty biomass long distances to burn in their 

primitive stoves and fires (Sagar, 2005). Biomass itself has great potential for promoting 

cleaner technologies, however the way it has been used in these communities, either 

through unsafe devices or open-fire causes both indoor and outdoor pollution. This 

picture of environmental degradation and social inequality has promoted awareness about 

the need for reliable, sustainable, safe and just technologies.  

According to Smith and Taylor (2008), the renewable energy sources are environmentally 

friendlier and healthier, provide decentralization and gender equality, create more jobs, 
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and are freely offered, just requiring an initial investment. They are environmentally 

friendly because they generate less pollution and contamination; healthier because they 

reduce exposure to contaminants and enable access to medicinal resources; create more 

jobs due to small-scale energy systems (local industry); provide descentralization due to a 

regional stable supply, enable autonomy from wealthy countries (no need for 

importation), decrease the system costs (less infrastructure and transport), and improve 

distribution of the benefits (more equitable); and they provide gender equality as they 

empower women, making their domestic work easier. 

Unfortunately, as Chivers (2015) points, there are many drawbacks to the existent 

renewable technologies, mainly when it comes to implementing them in vulnerable 

communities. Many factors must be considered and solved in order to be a relevant 

alternative for energy economy. The cost-benefit of domestic wind technology is not 

favorable. In rural areas wind turbines are physically dangerous for the population and 

noisy, affecting their mental health. Water technologies often involve flooding of 

vulnerable communities and disturbances of local ecology, while the major benefits fall 

under governmental profits. Biofuels are currently driven by profit-making industry. It is 

noted that all renewable technologies have been known for centuries. Thus, the point is to 

use them as a fair, cleaner, and safer means to eliminate energy poverty. 

Apart from technological drawbacks, the biggest barriers rely on the initial investment 

costs, which can be extremely high for many communities, and the time for development 

and implementation, which can be too long. In this case, the direction of the development 

is important. There is a need to develop low-cost technologies to supply the basic needs 

of vulnerable communities. Access to a modern stove would avoid 800k-1.8mi deaths 
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(Kaygusuz, 2012), but it would increase greenhouse gas emissions with our current 

energy system. Thus, there is also a need to develop clean technologies and mitigate the 

environmental issues. Yuzugullu (2013) further points to the importance of poor 

communities gaining access to and use of local resources to generate clean energy 

without being vulnerable to the grid. Therefore, decentralized systems, which operate on 

a small scale to supply a local (often remote) community, provide an alternative to local 

development. 

Small-scale technologies can create low-carbon footprints and decrease costs for 

provision of safe and stable energy needs in energy-poor communities. Studies on 

microgeneration systems have been extremely relevant nowadays as they can provide 

robust alternatives to the traditional energy grid and support small-businesses and local 

economic development (Atkins & Escudier, 2014; Claudy et al., 2011; Costa et al., 

2008).  However, depending on the source of energy used in these microgeneration 

facilities, it is possible that the system may be neither clean (safe to planetary boundaries) 

nor social (ensure social foundations).  The primary motivation of microgeneration is not 

necessarily to improve vulnerable people’s wellbeing or environmental performance. It 

tends to make use of conventional apparatus, designs, and supply chains on a small-scale 

to generate heat and electricity. 

Although many poor countries are in areas with an abundance of renewable resources, 

mainly solar, they have not been used to their potential. Benthem & Romani (2009) point 

to three major obstacles regarding this ineffient potential usage. First, there is an inertia 

on funding technologies and services for rural energy development. Second, the 

technologies, as already discussed, are highly complex and expensive. And third, there is 
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a certain social resistence to assimilation and acceptance of the alternative energy sources 

and technologies. Kaygusuz (2012) adds the availability, reliability, and safety factors of 

the existent renewable technologies. 

4.1.1.1 The Ecologically Sustainable System 

In view of data presented earlier and based on the concept of technology justice, the ESS 

for energy, also known as Ecologically Sustainable Energy System (ESES), may prove to 

be a solution to end energy poverty and provide energy security to all nations. According 

to Diesendorf (2014), the system seeks to create an equitable and just society based on 

the following characteristics:  

 The system is to incorporate technologies, policies and education for a sustainable 

development; 

 Technologies must ensure low impact on the environment, health and safety of all 

beings; 

 Fuel sources must be renewable (there must be enough fuel reserve for descendent 

generations); 

 Resources, services, and technologies must be affordable and accessible to all 

people; and 

 The system must ensure local operations (local employment and onsite systems – 

whenever possible) and a democratic control of the technologies. 

Based on these criteria, currently available technologies can be demonstrated as lacking 

full accounting and respect for environmental, health and safety impacts, affordability for 

poor populations, and locally operated infrastructure. The operations are not democratic 
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and are often based on the exploitation of many, while the operation may permit benefits 

for few. These technologies are routinely neither renewable and nor affordable given the 

significant capital investments necessary for implementing a plant. Nevertheless, if 

operated efficiently, these sources can play an important role during the transition toward 

a new ecologically sustainable energy system.  

The question that remains is how to make the transition from a fossil fuel-based energy 

system to an ESES? To begin, deployment of the five characteristics of ESES is a 

productive place to start.  

1. The system is to incorporate technologies, policies, and education for a sustainable 

development. 

a. Public and private funding are necessary (subsidies, incentives, and investments) 

in order to develop and implement clean technologies and energy systems 

worldwide, mainly in vulnerable communities, supporting local grassroots 

networks that are already attempting and working towards changes (Walker, 

2008); 

b. International cooperation for technology development and dissemination can play 

an important role, creating partnerships between developed and rich countries with 

developing and poor countries, allowing essential exchanges and reproducibility 

(Walker, 2008); 

c. Manufacturing industry leaders, non-governmental agencies leaders, policy-

makers, and educators must unite to discuss goals and local plans, assuming 

respect and basic need rights for all beings as a baseline (Kaygusuz, 2012); 
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d. Inserting awareness programs related to energy efficiency and conservation 

practices, environmental sustainability, and technology management in the 

education system (Wei et al., 2010), and extending it to the less educated people is 

important to empower the population;  

e. Policies creation and enforcement are important to control the technological 

advancement and systems implementation, ensuring the goal of eliminating energy 

poverty and mitigating environmental impacts over personal interests and profit; 

2. The system must ensure low impact on the environment, health and safety of all 

beings; 

a. Investments in R&D to create more efficient and low impact technologies and to 

improve existing devices are needed and can have significant positive impacts 

(Panwar et al., 2011); 

b. The development of clean and green technologies must be the goal of each 

industry and research center (Kaygusuz, 2012); 

c. Increasing awareness of energy efficiency and conservation practices plays an a 

considerable role in minimizing energy consumption, wastes, and impacts (Wei et 

al., 2010); 

d. When developing and implementing a new technology or system, it is necessary to 

take into consideration the definition of sustainable development which ensures the 

protection of the basic needs of the next generations while ensuring our current 

basic needs; 
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e. It is necessary to take into consideration the long-range transport of pollutants and 

to assume responsibility for local risks and consequences (the concerns about the 

NIMBY opposition); 

f. Increasing investments on sciences such as permaculture and biomimicry (that is, 

the approach of observing and mimicking nature’s processes) can be a relevant 

start point; 

3. Fuel sources must be renewable (there must be enough fuel reserve for descendent 

generations); 

a. Investments in R&D to evaluate renewable energy sources and to create 

technologies and systems capable of generating energy through them, ensuring 

efficiency and reliability (Kaygusuz, 2012);  

b. Policies to enforce the use of renewables must be in the political agenda, as well as 

gathering social, political, and market acceptance for renewables use 

(Wüstenhagen, 2007); 

c. Investments in infra-structure and logistics to build power systems based in 

renewables and to transport the end-product to areas with no sources availability; 

4. Resources, services, and technologies must be affordable and accessible to all people; 

a. Investments in R&D to create more affordable technologies to facilitate the access 

for poor people (Kaygusuz, 2012); 

b. Investments in R&D to create simpler technologies in order to implement a 

decentralized onsite system and power remote areas (Sharma, 2007); 

c. Increasing investments and education on appropriate technologies can be a 

relevant start point to empower vulnerable communities; 
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5. The system must ensure local operations (local employment and onsite systems – 

whenever possible) and a democratic control of the technologies. 

a. Increasing investments for decentralized onsite systems which power remote areas 

with local resources are necessary (Sharma, 2007); 

b. Increasing investments in education of local people for training on technologies 

and systems management is essential to ensure the required knowledge for local 

operations (Sharma, 2007); 

c. Policies to protect vulnerable communities’ interests and freedom, and to 

incentivize and recognize the role of decentralized power generation, are an 

important mean to assure a democratic control of the technologies and a long-term 

solution for rural electrification (Sharma, 2007);  

d. Facilitating the community to construct and manage their own decentralized grid 

through educational programs and financial incentives also plays an important role 

for community empowerment (Sharma, 2007). 

e. Increasing investments on the Microgeneration science and on policies to support 

its development and market-creation has a great potential for helping countries to 

make changes in their energy systems (Claudy et al., 2011). 

Combining all possible solutions and steps discussed to build an ESES allows three 

priority steps to be determined, as presented in Figure 4.1. 



62 
 

 
Figure 4.1 Ecologically Sustainable Energy Systems. 
 

In summary, the development and implementation of CSTs will appropriately address the 

issues of the most vulnerable; and education will help science to re-articulate technology 

innovation, implementation and use, besides of fostering sustainable behaviours. The 

means to invest in new educational programs and to create a sustainable platform of 

technology innovation is driven by policies and incentives, which can both encourage or 

discourage investments in those areas depending on the approach. 

4.1.2 Expanding Solutions to Water and Sanitation 

Similarly, access to safe adequate water resources is a global environmental issue that 

greatly affects poverty (Hassan et al., 2015) and health (Montgomery and Elimelech, 

2007). Water has been a major concern mainly in developing countries, where 

uncontrolled activities related to growing population (urbanization, industrialization, and 

food production) and insufficient resources to provide basic needs to inhabitants 

(adequate technologies for clean water and sanitation) deteriorate raw water sources and 

Ecologically 
Sustainable 

Energy Systems

Policies and 
Incentives

Clean Social 
Technologies

Education



63 
 

restrict access and availability of this precious resource (Mishra and Clark, 2013). In 

addition, water conflicts and climate change add to the challenges, and so, within these 

constraints, new approaches are needed (Gleick, 2003). 

Conventional treatment systems (CTSs) for water and wastewater sanitation are generally 

not affordable in developing countries due to the high-costs of building facilities, land, 

energy and chemical inputs, and a highly trained workforce (Shao et al., 2014; 

Langegraber and Muellegger, 2005). Furthermore, the physical characteristics of CTSs 

for both potable water production and wastewater sanitation favor a centralized system 

due to the significant investment requirements for distribution and collection pipes that 

deliver potable water and collect sewage from across a large community or several 

closely located communities (Massoud et al., 2009). Shao et al. (2014), presented an 

ecological accounting for a wastewater facility that demonstrates multiple environmental 

impacts based on the overall resources used for the facility construction and operation. 

They argue that wastewater treatment plants are heavily reliant on economic products as 

inputs. Additionally, because of economies of scale (i.e., CTSs must be a certain 

minimum size to be cost effective and to be able to source energy, pumps and pipes, and 

chemical stocks), centralized systems are not easily scaled for rural areas. 

The implementation of simple, economically affordable, and decentralized systems for 

water treatment and sanitation can support communities, particularly in developing 

countries and in rural or remote regions around the world, to overcome significant water 

issues (Montgomery and Elimelech, 2007). In a review of the literature, several future 

directions are required in the sector to address these complex technological and societal 

challenges (Nápoles-Rivera, 2013; Marlow et al., 2013; Mishra and Clark, 2013; 
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Montgomery and Elimelech, 2007; Bernhardt, 2006; Gleick, 2003). These numerous 

possible solutions can be combined into three overarching priorities: 

1. Creation of low impact (on both environment and human health), low cost, and 

accessible technologies, which are decentralized and locally operated; 

2. Incorporate policies and legislation that governs the sustainable development and 

management of water systems; 

3. Increase education on effective water management and on awareness of issues 

including the need for reclaiming, recycling and reusing water. 

These steps are in consonance with promoting Ecologically Sustainable Systems (ESS) 

for water and are considered to be reliant Clean Social Technologies, Policies and 

Education. Moreover, this study embraces the idea that promoting ESS is a potential 

alternative to create safe, inclusive and sustainable space for development. This new idea 

can now be interpreted as shown in Figure 4.2. 
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Figure 4.2 Assessing Solutions. 
 

From this compilation of thoughts and creation of an approach for identifying and 

assessing solutions comes the opportunity to characterize the ideal technology (i.e., the 

specific CSTs) and to create tools to support development thereof. The tools are intended 

to further incorporate the necessary resources to support policy and educational programs 

creation to produce a framework that provides sustainability for developing countries and 

communities. Technology innovation drives changes in behaviour and enables people to 

engage in policy thinking (McKenzie-Mohr, 2011). 

 

4.2 Clean Social Technologies 

The concept of Social Technologies (STs) promotes the creation of small-scale 

technologies with low operational costs, easy management, and functional simplicity to 

solve day-today problems. STs can be considered an evolution of Appropriate 
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Technologies (ATs), a concept widely studied in the 1970s and 80s that aimed to promote 

technologies appropriate to the reality of a community’s capacity to incorporate and 

sustain it. However, according to Rodrigues & Barbieri (2008), the AT movement failed 

due to lack of clear focus on not only the technology development process but also the 

product itself. And so, STs fill this gap by emphasizing the processes involved for 

technological innovation, and including perspectives of all involved stakeholders. 

Clean social technologies (CSTs) are referred to herein as those involving the creation of 

community-owned STs; products and systems that also have low ecological impact and 

use renewable sources of energy. Incentivizing community-owned energy and water 

projects through CSTs is a form of empowering vulnerable communities. Walker (2008) 

notes that benefits of community ownership include income generated locally, local 

solutions for bureaucracies processes such as permits, local operation, a short supply 

chain, and lower maintenance costs, and ecologically sustainable approaches. According 

to Sianipar et al. (2013), empowerment provides uninterrupted sustainable development 

in vulnerable communities; simple forms of technologies can boost that empowerment.  

Although few articles have been published in this field over the past 10 years, the lack of 

new data or applications does not diminish its importance. On the contrary, it 

demonstrates the need for more research and analysis to support large-scale research and 

development projects currently funded by Banco do Brasil Foundation in Brazil and 

National Innovation Foundation in India. Banco do Brasil Foundation developed a 

publicly accessible database including registered and researched STs. The database 

includes STs such as low-cost solar devices, biodigestors, photovoltaic plates for 

irrigation, use of vegetable oils for biofuel, wooden solar driers, and H2Sol technologies 
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(Banco do Brasil Foundation, n.d.). The National Innovation Foundation is a scientific 

society whose involvement with available STs and associated patents are available in 

Pattnaik & Dhal (2015).  

The trends noted in open sharing of information from these two international 

organizations are captured by Pearce (2012), who points to the growth of the open source 

movement and global embracing of Open Source AT. In their article, Bauer and Brown 

(2014), provide a review of essential AT features, “appropriateness" indicators, and the 

Appropriateness Technology Assessment Tool (ATAT), which is a quantitative method 

to evaluate the “appropriateness" of a technology.  

Influenced by ATAT and building on previous research as discussed above, the current 

research outcomes propose focusing on 7 key features vital for a technology to be 

considered clean and social: 

 Place-based: promotes a decentralized design, built on-place* to target fewer 

users and meet their needs; 

 Multipurpose: the technology tackles more than one issue at the same time; 

 Sustainable resources: the technology uses local, renewable, and safe materials, 

which can be recyclable and reused as necessary; 

 Sustainable processes: the processes involved are resource and economically 

efficient, and generate minimum waste (often degradable); 

 Inclusive: promotes affordable and flexible technologies that can be accessed by 

all social classes, genders, capabilities (often intermediate skills); 
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 Co-creation: the design is to be created in collaboration with the team of experts 

and the target users/audience (open-source philosophy); 

 Local ownership: the users owns the technology and are responsible for operation 

and maintenance; 

*The design must ensure on-site production and assembly as much as possible, but 
awareness is necessary to recognize and accept that in some cases the solution may require 
products or components manufactured outside. 

In order to ensure these features are met when developing CSTs, the current research also 

introduces a new DfX tool, the Design for Responsible Engineering, aiming to guide the 

PDP and ensure the desirable features. 

Considering the definition proposed in this research, it is further proposed that CSTs be 

classified according to its associated complexity and motivation, as follows:  

 Knowledge-driven technology: include intangible products such as behaviours 

and interface products such as software; 

 Component-driven technology: include concrete handy products such as  

machines and tools; and 

 Systems-driven technology: involve complex set of physical products and 

functions, such as systems for energy generation, water and waste treatment, 

transportation, and food production. 

 

4.3 Smart Community Development Framework 

The SCDF is the primary product of the current research and is designed to focus on 

structuring socio-environmental projects integrated with CST development. Although 
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every development process is adapted to its institutional reality, there is an opportunity to 

implement a model that taps into environmental and social issues to drive technology 

justice, promote wellbeing, and ensure universal human rights. While the competitive 

market, technology sophistication, and profits drive the conventional product 

development processes, here the driving forces are focused on social and environmental 

aspects such as community empowerment, equality, access to basic needs, and 

environmental sustainability. 

The proposed framework (Figure 4.3) is composed of 9 major phases, each one with 

specific steps, tactical actions, and recommended resources. Additionally, two phases run 

concurrently throughout the entire project life. 

The process begins with a holistic search for the target population’s true needs and 

generates a product design that culminates in the implementation of the project in the 

community including transfer of ownership. However, the phases are designed with 

flexibility to enable adaptation to meet specific community and project needs. In this 

way, if the initial assessment shows that only soft technologies are required, that is, there 

is no space for developing hard technologies, then the “Project Planning” step may be 

adapted to the premises and constrains of a soft technology and the steps labelled 

“Concept Development” and “Risk and Impact Management” may be skipped. On 

another hand, if hard technologies are required but are deemed too simple to be 

developed in the structured way of the SCDF, the three steps required for “Project 

Planning”, “Concept Development” and “Risk and Impact Management” may be 

shortened or altered by the project team. These decisions and adaptations can be made 

along the project planning and execution, during the pre-established decision-gates.  
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Figure 4.3 Smart Community Development Framework. 
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The model is developed based on the stage-gate process, where there are phases – stages 

– that incorporate a set of activities, followed by decision points – gates (Otto and Wood, 

2001). This framework was chosen because it enables periodic consultation with the 

community in order to obtain approval for activities accomplished and for the sequence 

of plans. Therefore, the gates function not only as a means for the team or upper 

management to evaluate project progress, but also for consultation with community 

stakeholders, ensuring participatory decision-making, and consequently, community 

empowerment.  

The stage-gate is represented by triangles in the SCDF model. These provide 

opportunities for the team and community to assess the content at hand and evaluate 

whether or not this is satisfactory in accordance to community needs, socio and 

environmental responsibilities, and initial planning. In such projects, each case requires a 

slightly different approach to execute the stage-gates (PM4NGOS, 2012). 

 

4.3.1 Understand the Needs 

The first phase, “Understand the Needs” is characterized with 4 activities (Figure 4.4). 

The first step in a PjD process is often to have a vision of the opportunity – a problem or 

set of problems – that the project will be designed to fulfill. 

 
Figure 4.4. Phase 1 - Understand the Needs. 
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The starting point of the project flow is to precisely identify the reasons to design and 

implement an intervention project. Vulnerable communities often have a multitude of 

problems that differ from one another depending on the political, economic, geographic, 

and cultural environment they are subject to. It is during the contextual analysis of the 

community that the needs and influential forces are defined. The information gathered is 

used to explore opportunities and alternatives that will both reduce vulnerability and 

improve livelihoods, lifestyles, and welfare, moving towards a more sustainable planet. 

The identification process starts with a baseline assessment to identify current data with 

respect to: 

1. Access to basic needs (water, sanitation, energy, food and shelter);  

2. Environmental quality (water, air, and soil); 

3. Health and nutritional level; 

4. Education attainment; 

5. Income security & employment; 

6. Existing conditions (geography, natural resources, local infrastructure, and 

accessibility); and 

7. Existing local aid programs.  

Then, it is important to understand the means of subsistence and pattern of life in the 

community, and so, a lifestyle and livelihood analysis is applied. This second step is an 

adaptation of SLAs and the ELS that attempts to identify the assets and capabilities of 

community households and institutions, processes, and vulnerability contexts that shape 

livelihood strategies and outcomes, as well as influence lifestyles. The awareness and 
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understanding of these elements help to select better strategies to foster sustainable 

behaviors and design sustainable systems in the community. 

Building on the work of Scoones (2015) and Biggs et al. (2015), the SCDF poses 

questions to guide the livelihood and lifestyle analysis: 

 Identifying ownership of assets and resources: Who owns what? 

 Identifying social divisions and differentiation: Who does what and gets what? 

 Identifying livelihoods and lifestyles: What do they do with it? 

 Identifying social networks: What are the institutions and social classes, and how 

do they interact with each other? 

 Identifying cross-linkages across nexus components: What are the synergies and 

trade-offs between water, energy, and food resources and how do they shape 

livelihoods and lifestyles? 

 Identifying resilience: How do environmental changes shape livelihoods and 

lifestyle? 

It is also vital to consult the community to identify perceptions of current needs and 

importance thereof, as well as community history (social, cultural, and political factors) 

that could impact the success of a project’s trajectory and the community’s level of 

engagement. Because there may be disconnects between collected data and the 

community perceptions of priorities, it is essential to include community consultations 

early and often. Such consultation efforts will ensure bottom-up management and 

improve community empowerment, guided by an intercept survey that includes two 

questions (McKenzie-Mohr 2011): 
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 Identifying perceived problems: What, if anything, makes it difficult or challenging 

to have a better quality of life? 

 Identifying perceived solutions: What, if anything, do you see as beneficial or 

worthwhile to have a better quality of life? 

Combing the information from these various sources provides an accurate panorama to 

guide project design. 

4.3.2 Understanding Technology Tasks 

The second phase aims to concretize the objectives for which the product is designed and 

to clarify expected features in 3 steps (Figure 4.5).  

 
Figure 4.5. Phase 2 - Understanding the Technology Task. 
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the Needs”, the resources available, and the likelihood of making and sustaining them. 

This involves analyzing the following questions: 

 What are different actions and their potential to bring about the desired change? 

 How often are the actions likely to happen and in which context? 

McKenzie-Mohr (2011) suggests that the selection be based on the best combination of 

impact, probability, and penetration for better results. Once the target actions are selected, 

the next step is to identify the barriers that prevent the implementation. This involves 

analyzing internal and external barriers: 

 What are the contextual barriers (physical, technological, political, legal, and 

economic) that prevent the implementation of the desired changes? 

 What are the internal barriers (behavioral, cultural, social, and skills) that prevent 

the target population from engaging with the desired changes? 

Knowing which factors are major obstacles to implement the target actions is an essential 

step in developing engineering and marketing strategies. Once the target actions and 

associated obstacles are known, the project team will have a basic idea of the type of 

technology needed. With this in mind, the project team and community stakeholders list 

and rank the features that the users require. These features are labeled as either 

community functions (CF) or community attributes (CA). 

4.3.3 Project Planning 

The third phase is where the project team has collected the necessary information to 

define the product and all of its related process for development and implementation. 

Thus, the project team can plan the actions required to maintain momentum in addressing 

the community’s priority problem(s). This phase was designed to attend to the needs of 
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institutionalized projects, since many corporations require documentation and 

formalization of processes. Although composed of 5 steps, this phase is not overly 

complex. In many cases, one or more steps are unnecessary bureaucratic processes and 

not applicable to reality; for example, in the case of small voluntary groups working with 

neighbour communities. Thus, this is the moment where the SCDF acts as a model and 

must be revised and adapted to the local reality of the project. 

 
Figure 4.6. Phase 3 – Project Planning. 
 

This phase starts with the definition of the product scope and project scope. The product 

scope defines the basic guidelines that the product shall meet, while the project scope 

defines the premises and constraints of the project environment and basic activities that 

must be met. Within this, the project team must be formed, uniting all parties interested in 

the project.  
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that the project may be subjected to, preparing a plan with strategies to mitigate and 
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4.3.4 Concept Development 

The fourth phase is where hard technology is developed, following the parameters 

established by DfRE. This phase is divided into 3 sub-phases: Preliminary Concept, 

Layout Design and Detailed Project. The workload here tends to rely more on engineers 

and designers than on the local population due to the technicality of associated activities. 

However, the points of view of local partners remain relevant; thus, gates were added to 

the end of each sub-phase to check-in and confirm direction with community members.  

 
Figure 4.7. Phase 4 – Concept Development. 
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Figure 4.8. Process for selecting ECs. 
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Once the essential technical features are determined, the project team are able to review 

database information for suitable CSTs while also conducting brainstorming sessions to 

identify new CSTs ideas and concepts to meet the design criteria. At that time, the team 

must analyse the viability of each option, confronting both the project plan and resources 

available.  

“Layout Design” includes two pathways forward: (1) if, in the previous phase, the 

decision was to develop a new product, then the team must follow “New CST Design”; or 

(2) if adaptation of an existing technology was chosen, then the “Reengineering Design” 

pathway is initiated. The steps required for addressing “New CST Design” include:  

 Defining solutions and listing alternatives;  

 Drafting alternatives’ architecture and its CSSs, incorporating ergonomic 

strategies;  

 Planning the production processes; and finally,  

 Evaluating the viability of each design.  

For “Reengineering Design”, the steps include:  

 Identifying features, modules and CSSs of the existing technology; planning its 

modification to incorporate the required ECs that are not part of this design; 

 Validating architecture, ergonomic and feasibility of the new technology, 

redesigning if necessary; 

 Producing processes planning; and 

 Completing viability analysis.   
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Finally, the “Detailed Project” sub-phase includes two further options, as well depending 

on the type of hard technology to be created. In the first, if the technology is an artefact (a 

portable product; for example, a water purifier device or a solar oven), then the “CST 

Product” pathway is followed. In the second, if the technology is a system (a fixed 

product; for example, a water treatment station or a microgeneration facility), then the 

“CST System” pathway is followed.  

Both paths start with the same steps: to deploy and define the CSSs and all materials 

(inputs); to plan the material extraction (if it is a local resource) or the material 

acquisition (if external material is needed); and to plan the collaborative building 

processes, which may also involve education and training. Once these steps are 

accomplished, the “CST Product” pathway works on planning for packaging (as 

necessary) and for the product end-of-life (recyclability, reuse, disposal). On the other 

hand, the “CST System” works on planning maintenance and operation processes, and 

the optimal location to incorporate the system using permaculture tools through the 

following steps: 

 Creation of an Information Map that overlays information about soil & 

vegetation, hydrography, rain and wind, natural resources, local regulations, and 

local infrastructures (Aranya 2012);  

 Zoning the area in accordance to the information map to help position systems 

and technologies and optimize space, access, and movement (Aranya 2012); and 

 Design and position the CST systems. 
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4.3.5 Social Marketing Planning 

In order to address behaviour changes and create space for local people to interact with 

the CSTs and take ownership, “Social Marketing Planning” incorporates social marketing 

strategies to ensure that the new behaviours become permanent. Such strategies motivate 

people to engage in different actions and to promote changes in their livelihoods and 

lifestyles, fostering sustainable behaviours. The social marketing plan designed for this 

framework includes 4 steps (Figure 4.9). 

 
Figure 4.9. Phase 5 – Social Marketing Planning. 
 

The behaviour-change tools recommended include public commitment, social norms, 

social diffusion, prompts, incentives, and convenience and they must be selected 

according to barriers and benefits discovered and catalogued earlier in the SCDF process 

(McKenzie-Mohr, 2011; Table 4.1). 

Table 4.1. Guidance table for common barriers (reproduced from McKenzie-Mohr, 2011). 
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for the specific case in question (McKenzie-Mohr, 2011). Once selected, the team can 

plan delivery strategies. 

4.3.6 Risks and Impact Management 

Any intervention in the infrastructure of a place is likely to affect the natural ecosystem. 

Before implementing a project, it is necessary to evaluate the risks that a project imposes 

in the community. Plans for preventing and mitigating expected impacts are developed to 

ensure these are within acceptable limits. 

CSTs projects are designed to work with people and nature, not against them. Thus, a 

simplified risk assessment is useful to develop prevention, mitigation, and monitoring 

plans and to ensure human and environmental safety. This assessment inventories the 

likelihood of the occurrence of unacceptable risks and lists strategies to manage or avoid 

the consequences (Carroll and Turpin 2011). The assessment of risks and impacts can be 

as complex as the impacts, but due to the nature of CSTs projects, a simplified 

management tool is recommended in “Risk and Impact Management” (Figure 4.10). 

 
Figure 4.10. Phase 6 – Risk and Impact Management. 
 

Risk assessment starts with identifying and characterizing the risks and hazards imposed 

by the selected system, be these human or the surrounding environment. The next step is 

to analyze the nature of the risk, the likelihood of occurrence, and the significance of its 

impact(s). This may require historical data, perceptions of potentially affected people, 

Risk and Impact Management

Identification of 
Risk Factors 

Risk Analysis and 
Impact Evaluation

Risk and Impact 
Control



82 
 

and expert opinions. Ultimately, the task is to develop strategies to prevent the risks, 

mitigate the impacts, and monitor their performance. Re-evaluation of the strategies may 

be required in the course of the implementation and operation processes. 

Based in CCOHS (2017), this framework proposes 3 questions to summarize and guide 

this process: 

 What can happen and under which circumstances? 

 What are the potential impacts and the likelihood of occurring? 

 What are the measures to prevent and mitigate these situations and how effective 

they are? 

Calculating the product ecological footprint (PEF) (Limnios et al., 2009) can add context 

and information to the risk and impact assessment and also to the evaluation of 

alternative solutions. Further, depending on the type, complexity, and location of the 

project, even CSTs projects may require an Environmental Impact Assessment (EIA). 

EIA is a formal, often legislated, process used to assess and evaluate impacts of major 

development projects in order to get implementation approval from local bodies (Carroll 

and Turpin 2011).  

4.3.7 Project Implementation 

At this point in the SCDF, the project, its associated intervention strategies and the 

impact management plan are designed. And so “Project Implementation” may begin 

(Figure 4.11).  
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Figure 4.11. Phase 7 – Project Implementation. 
 

The goal is to implement the project cooperatively (a co-building process) while 

managing people, assets, and problems. Managing people and the assets involved is very 

important to ensure a safe and harmonious environment of collaboration, as well as 

ensuring the compliance and reliability of operations. It is likely that problems will 

emerge during the implementation, so identification, analysis, and control of problems 

are required to keep the project running with success. 

4.3.8 Power Transfer 

 “Power Transfer” is the final phase and is essential for promoting and ensuring local 

ownership, incorporating project closure and completion activities (Figure 4.12). 

 
Figure 4.12. Phase 8 – Project Implementation. 
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ways to access them. Post Project Implementation, the responsibilities of operation and 

maintenance will rely on the hands and capacity of local actors.   

The end of a project always includes an evaluation of the achieved goals and a 

comparison with the initial proposal to confirm that objectives have been met. It also 

includes a post-mortem review of trials and errors in an effort to avoid such issues in 

future project and product development. All findings must be reported in a technical 

review to serve as basis for future projects.  

4.3.9 Support and Concurrent Phases 

The SCDF incorporates two supporting and concurrent phases across the 8 core 

sequential methods, namely: “Design for Responsible Engineering” and “Change 

Management”. The DfRE serves as a guideline to design CSTs and ecologically 

sustainable projects, ensuring that key principles are applied throughout the project. This 

is a new and important outcome of the current research and is discussed in further detail 

in a separate section to follow. 

 “Change Management” works as project support through two main objectives: 

“Monitoring & Controlling” and “Improvement”. The former refers to the incorporation 

of actions based on performance indicators in all phases and during the entire project life. 

Its goals are:  (1) to monitor quality, costs and sustainability; (2) to evaluate community 

empowerment, improvements to basic needs accessibility; and (3) to catalogue 

community-based impacts related to perceptions, values, knowledge, and changing 

behaviours. The latter refers to changes implemented in the project structure to optimize 

products and results by (1) identifying necessary changes; (2) defining strategies for 
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improvement; (3) evaluating implementation risks and consulting relevant audiences for 

approval; and (4) implementing changes. 

The SCDF includes that these support actions be addressed at all decision-gates and 

whenever the team leader reviews and re-examines the project per opportunities for 

optimization and improvement. 

4.3.10 The Toolbox 

The SCDF includes a toolbox (Table 4.2) to support execution of each step in the 

framework. Although, many tools could be added, it is important to consider how 

appropriate these are for each context (Scoones 2015). This framework is not 

prescriptive, thus both the order and lock-step process of recommended actions and the 

suggested tools must be adapted to integrate the particulars of each context, community, 

and project or product involved. 

Table 4.2. SCDF Toolbox 
Actions Resources and Tools

Baseline assessment Existing statistical and information databases; government and NGOs documents; 
literature review; community-based participatory research. 
 

Lifestyle and 
Livelihood Analysis 

Surveys (social, income/expenditure, asset ownership); ecological, social, 
organizational and activity mapping; assets mapping; seasonal calendars; life 
histories; Participatory GIS analysis. 
 

Community 
consultation  

Community meetings and focus groups guided by the intercept survey. 
 

Combining 
information  

Group discussions; Mapping; Gap assessment analysis; problem tree; affinity 
diagram; mind mapping; triangulation; Venn diagram 
 

Prioritizing options Brainstorming; technical/case reviews; expert surveys
 

Identifying barriers Observation; focus group; technical/cases reviews; expert surveys; vulnerability 
matrices; force field analysis; problem tree; capacity inventory; praxis 
interventions. 
 

Project Planning SWOT Analysis; Gantt Chart; Economic Viability Analysis; Cost/Benefit 
Analysis; Working Breakdown Structure 
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Concept 
Development 

QFD; FMEA; Permaculture frameworks; Participatory 3D modeling; 
Participatory Technology Development; Appropriate Technologies databases 
(e.g., Banco do Brasil Foundation); Biomimicry database (e.g., AskNature); 
computer-aided systems; ergonomic techniques; review cases, expert 
consultation. 
 

Social marketing 
strategies 

Community-based Social Marketing framework, review cases, expert surveys.
 

Identification of 
impacts 

Environmental Impact Assessment frameworks; Risk Assessment frameworks; 
Quantitative Hazard Exposure Assessment; Product Ecological Footprint; 
technical/cases reviews; expert surveys; vulnerability matrices, Delphi Method. 
 

Piloting the project Issue log; communication and motivation tools; project management frameworks 
(e.g.: PMI, PMD Pro). 
 

Implementation 
phase 

Issue log; communication and motivation tools; project management frameworks 
(e.g.: PMI, PMD Pro). 
 

Evaluating 
community-based 
impact 

DfRE evaluation chart; observations; community meetings and focus group; 
outcome measurements; impact surveys. 
 

Project transition Transition planning matrix; check-lists; social marketing frameworks. 

 

4.3.11 SCDF Considerations 

The SCDF begins with SMART, an acronym for Specific, Multidimensional, 

Appropriate, Responsible, and Technological. The SCDF then can be interpreted as a 

framework that aims to promote community development through the implementation of 

projects and technologies that are specific for local needs, appropriate to local skills and 

capabilities, socially and environmentally responsible, and functionally multidimensional. 

Through this research project, the development of the SCDF emerged from an innovative 

way of thinking and interacting with PDPs, considering that people and Earth matter. It 

includes aspects and factors that make up conventional PDPs: competitor analysis is 

substituted by community analysis, market research by community consultation, 

suppliers by local resources, manufacturing by co-building, intellectual property by open-

source, private ownership by cooperative (or local) ownership, and increasing market-

share by increasing wellbeing. Based on these perspectives, the conventional cross-
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functional process, product performance and flows of material and information were 

modified and adapted. 

From community analysis and consultation (information gathering process), the 

development of CSTs incorporates Research and Development (R&D), Social Marketing 

and Co-building processes, and results in a technology prototype locally owned by and 

appropriate for the target community (Figure 4.13). 

 
Figure 4.13. SCDF Cross-Functional Process. Adapted from Davenport (1993). 
 

The processes require cross-functional skills and activities, so an interdisciplinary team is 

required to produce effective design management. In this case, there are 4 levels of 

activities that drive the development project design (Figure 4.14) for the team to 

understand, coordinate, and manage. 
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Figure 4.14. Levels of Activities in the Project Design 
 

These 4 levels of activities often occur simultaneously during the project life and refer to 

the design of CSTs, the design of product and project processes, the management of 

processes, activities and resources, and the periodical consultation and interaction with 

the target audience (or local users). The activities in all levels are mediated, influenced 

and affected by the flows of materials (Figure 4.15) and information (Figure 4.16). 

 
Figure 4.15. Material flow in the SCDF. Adapted from Clark and Fujimoto (1991). 
 
 

 
Figure 4.16. Information flow in the SCDF. Adapted from Clark and Fujimoto (1991). 
 

Contrary to the conventional model where materials move from suppliers to industries 

and ends in the market, the material flow in this case occurs inside the community, as 

local resources are used for place-based products targeted for local users.  The same 

Project 
Design

Product

Consultation

Management

Processes
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happens for information flow, which starts with understanding local needs, translating 

these into a project and product design, and returning to the community, not only in the 

form of user interface (product experience), but also as knowledge for operation and 

maintenance and as new behaviours. 

Development projects and CSTs designs are functions of manipulation and generation of 

information. Information management includes: identification, collection, formatting, 

distribution, and analysis of information, and determines the success of the project. Thus, 

it is important to consider the big picture of information required (Table 4.3). 

Table 4.3 SCDF Information Matrix. 

Project 
Information 
Matrix 
 

Community Technology Behaviour 

Strategic 
Information 

Environmental and 
Social Assessments 

CFs and CAs Attitudes-
Behaviour Gap Target Users and 

Needs 
Local Perceptions CSTs database Necessary 

Engagement 

Tactical 
Information 

Required 
Technologies 

Necessary 
Performance and 

Indicators 

Necessary 
Behaviour 

Required Services ECs and features Barriers to Action 
Required 

Behaviours 
Budget and 
Schedule 

Target Audience 

Operational 
Information 

Implementation, 
Operation and 
Maintenance 

Training 

Technology 
Definition 

Necessary tools 

Process Definition Delivery Strategies 

Power Transfer Plan Impact Assessment Feedback 
 

Another important process reinterpretation incorporated through this research is related to 

product performance. While conventional PD performance is based overall 

competitiveness (increasing of market share), performance in the SCDF is primarily 

based on overall improvements to wellbeing and long-term sustainability. Figure 4.17 
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provides information about the factors that influence SCDF performance in relation to 

this reinterpretation. 

 
Figure 4.17. SCDF Performance Process. 
 
 
The performance process is the sum of three forces: technology quality (how well the 

product meets CSTs characteristics and engineering requirements); needs satisfaction 

(how accurate were the data collection and its translation into products features, and how 

well the product addresses the needs); and behaviour changes (how well the new 

behaviour(s) are rooted in the community and how beneficial the impacts are). 

Finally, a key aspect of the SCDF is team management. It is important to maintain 

motivation and engagement and to provide a healthy environment, ensuring respectful 

and friendly relationships between members, and sufficient time and resources for self-

care. Feedback loops are essential for this process. 

Reviewing the work of Johnsson et al. (2015), which critically analyzed 10 PDP models, 

it is possible to note the innovations of the SCDF and why it should be used over other 
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pre-existing frameworks. First of all, as cited earlier, most of the failures in project and 

product development are due to misunderstanding of audience/user needs; wrong 

translation into engineering characteristics; and poor user-product interaction. Comparing 

with the 10 models, the SCDF is the only one that approaches a subjective truth and 

greatly emphasizes the information gathering and consultation processes, which promotes 

a better understanding of user needs and technology tasks, creating a more accurate 

translation into engineering characteristics. The SCDF is also the only one that integrates 

and fosters the interaction between user and product. Moreover, the integration of 

concurrent engineering (through the stage-gates and support processes) with the 

sequencing engineering (waterfall phases), guides the designer step-by-step while, 

simultaneously, ensuring accurate development and documentation of processes.  

Summarizing, the features and specialties of the SCDF that give it preference over other 

existing models include: 

 community empowerment and technology justice – the  processes emphasize 

participatory development and focus on local issues, ensuring social foundations 

and respecting planetary boundaries; 

 not prescriptive – enabling flexibility for adaptations to different contexts; 

 holistic – in terms of incorporating 

i. project development, product development, and social marketing campaigns 

(that is, engineering and social sciences mechanisms), promoting 

technological and behavioural changes in the community; and  

ii. the “waterfall” method and concurrent engineering, benefiting from 

sequential (simple well-defined tasks, enforced-discipline) and iterative 
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(interdisciplinary team and diverse opinions, better quality and fewer change 

orders) development methods;  

 standardized – enables local scholars and leaders to command the project, 

generally not included or respected in other participatory approaches; and 

 meticulous – assessments aid decision-making processes in the policy sector. 

 And, as with any framework, the SCDF also has limitations, such as: 

 dependence on research and basic engineering knowledge, on local engagement 

and on availability of local resources;  

 vulnerability to manipulations of subjective answers and perceptions;  

 specificity of CSTs designed for context and small-scale use may limit 

reproducibility and  scalability; 

 demanding in terms of workload and extent thereof (investigation, planning, 

training) which may not be suitable for schedule restrictions; and 

 not profit-driven, thus reducing attractiveness to most external organizations and 

private investors. 

Overall, the SCDF demonstrates great potential and applicability for humanitarian 

projects in Canada and beyond. 

 

4.4 Design for Responsible Engineering 

In addition to the research and development of the SCDF, one additional new research 

contribution to engineering is the development of the DfRE concept within the DfX 

model. The design phase of a product is vital to ensure optimal performance. The DfX 
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concept has been used as a guideline in PDPs to maximize desirable product 

characteristics. It also describes the most common characteristics currently used in 

industry.  

As a new concept of product design and expectations, CSTs require specific attributes in 

their design, and therefore, a guideline to enforce these. Thus, from the research 

conducted herein came the development of a proposed DfRE model, which incorporates 

relevant DfX attributes, in addition to specific attributes to promote technology justice. 

The DfRE intends to aid design by balancing two dimensions:  

 Performance: how well the product functions and meets its objective of increasing 

wellbeing and promoting long-term sustainability; and 

 Conformance: how well the basic characteristics of CSTs are met. 

From the research, and based on personal communications (such as the Sudanese 

Knowledge Society and the Comunidades de la Tierra), the model came to include the 

following 20 recommendations for managing DfRE in application: 

 Consult biomimicry catalogues to be inspired by nature’s solutions to several 

human issues, and, if possible, start the design by them; 

 Think in systems, considering the inter-relations of elements and them with the 

environmental and social contexts in which the project is immersed; 

 Minimize the number of parts and use of material, combining or redesigning 

them; 

 Use simple and robust modular construction, with parts easy to handle, test, 

inspect, repair and replace, simplifying user’s tasks; 
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 Ensure easy assembly and disassembly, minimizing adjustments and fasteners, 

and maximizing self-alignment; 

 Use proper material and provide shield when necessary to protect or minimize 

effects from heat and thermal expansion/contraction, moisture, radiations, 

corrosion, fatigues, shocks, and accidents; 

 Design to be fail-safe but consider mechanical and electrical limitations including 

margin for error in the design and protection of sensitive parts; 

 Anticipate human errors and misuse (this is very important in this type of projects 

once the user knowledge and discernment can be very limiting in some 

situations), then, use constraints, clear operation guidelines and clear controls to 

prevent them; 

 Design for regular (scheduled), standardized and easy maintenance, incorporating 

malfunctioning indications; 

 Provide the user with training and tools for operation and maintenance;  

 Plan for safety, avoiding toxic materials (heavy metals, flammable, radioactive, 

and biohazards elements) and sharp objects, and creating clear warning marks 

where necessary; 

 Use local, renewable, and recyclable materials, and plan for reusing, refurbishing, 

and recycling components, and provide the community access to these services; 

 Avoid separate labels, spray-painting, packing, and unnecessary extra-material 

whenever it is possible; 

 Avoid design that generates wastes, toxic by-products, and excessive noise; 
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 Use the most of the products and materials, adding value to them by diversifying 

applications through cascading thinking (mainly for biological materials); 

 Plan for leakage prevention and correction, and for safe discharge/disposal, 

incorporating waste treatment if necessary; 

 Fit the product to accommodate all users, physically and intellectually; 

 Fit the product to minimize possibility of injuries, accidents, and fatigue, 

evaluating and planning physical actions (bending, twisting, standing, 

straightening, and other movements) based in ergonomic studies, and minimizing 

tooling time;  

 Use standard parts, systems, procedures as much as possible; 

 If a component or product cannot be place-base built, first look for responsible 

and appropriate suppliers that may have a standardized part to fit in the design; or 

if manufacturing is the only option, plan for parts, products and materials that 

require simple processes and allow small batches of production. 

Additionally, it is fundamental to monitor the accomplishments and changes in the two 

dimensions. In order to monitor the dimension “Performance”, the DfRE suggests some 

remarkable holistic tools available, which have already been tested and approved (Table 

4.4). They can be applied before the project starts and sometime after the end to make 

comparison possible.  

Table 4.4. Performance Tools Reference. 
Indexes Description References 
Better Life Index (BLI) Measures wellbeing through 11 

dimensions and 24 indicators, based on 
material conditions and status of 
quality of life 

OECD (2017) 
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Composite Global Wellbeing 
Index (CGWI) 

Measures human development based 
on ten dimensions, subjective survey 
data and socio-economic indicators 

Chaaban et al. 
(2016) 

Multidimensional Poverty 
Index (MPI) 

Measures poverty considering 
deprivation along Human 
Development Index dimensions 
(health, education, standard of living) 
and 10 indicators 

UNDP (2015) 

Livelihood Vulnerability 
Indexes 

Several indexes to assess livelihood 
security in specific locations 

Gerlitz (2017) 
Hahn et al. (2009) 

Lindemberg (2002) 
Energy Development Index 
(EDI) 

Measures energy development from 
household to community level using 
multi-dimensional indicators 

IEA (2010) 

Multidimensional Energy 
Poverty Index (MEPI) 

Measures deprivation of access to 
energy services based on 5 dimensions 
and 6 indicators 

Nussbaumer et al. 
(2011) 

Water Poverty Index (WPI) Monitors water needs and sector 
progress at the community level 

CEG Wallingford 
(n.d.) 

 

Any definition of performance must reflect the complexity, diversity and dynamics of the 

life context of vulnerable communities. That is why the suggested index are composite; 

not single indicators. Single indicators are well reported in the literature and easy to be 

created by the team in case it is decided to be best suitable.  Although the composite 

indexes are well structured, they may require some adaptation for local implementation, 

as many of them were initially designed for a nation level. However, this fact does not 

diminish their relevance and ability to be used as a tool here. 

As for the dimension “Conformance”, Table 4.5 shows the Conformance Evaluation 

Chart that will serve as a guideline, a checklist and product comparison tool when 

designing CSTs. 

Table 4.5 DfRE Conformance Evaluation Chart. 

Factor Weight* 
Design 1 
(Ratings) 

Design 2 
(Ratings)

Design 1 
(Weighted) 

Design 2 
(Weighted)

Is the technology decentralized? 5     
Is it possible to build the entire 
technology in-place and with a 
participatory approach? 

4     
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Does the technology address 
more than one issue (has more 
than one function)? 

4     

Does the design reflect customer 
needs and incorporates desired 
attributes and functions? 

5     

Will the community be able to 
take ownership of the 
technology? 

5     

How well has the design been 
simplified (number of parts and 
material usage)? 

4     

How easy is the operation and 
maintenance of parts (handling, 
inspection and repairs)? 

4     

How easy and straightforward 
are assembly and disassembly of 
the parts? 

3     

Is the product (mainly sensitive 
parts) protected against 
environmental factors (heat, 
humidity, corrosion, etc.)? 

3     

Are there back up and safety 
measures designed in case of 
parts failures? 

3     

Does the design anticipate 
human errors and incorporate 
preventive measures? 

3     

Does the product uses local, 
renewable and safe materials? 

5     

Do the involved processes 
generate waste, by-products or 
excessive noise and if so, are 
there measures to mitigate them? 

4     

Is the product inclusive (fits all 
users independent of physiology, 
disability, gender and social 
class) and ergonomic? 

5     

Are controls obvious, well 
located and appropriate for 
user’s knowledge? Are they 
planned for minimum tooling? 

4     

Has the technology been 
properly tested? 

3     

      
Total Weighted Ratings      

* Weighing Scale: 1 (smaller) to 5 (higher) 
 

The factors exposed in this chart are the essential ones, but the designers may add other 

ones according to the case in study. Although the weights 1 and 2 do not appear in the 
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chart, the designers when adding a new factor not as important as these pre-established 

may use them.  

In addition to the indexes and evaluation chart, it is necessary to consult local users to 

evaluate their perceptions and satisfaction towards the technology performance, quality, 

and response-time to the issue. 

In conclusion, managing development projects and CSTs design involves care during 

planning, conceptualization and implementation. Designers and engineers should always 

keep in mind: 

 The objective is to meet community needs while ensuring environmental safety 

and appropriateness, and monitoring the progress is vital; 

 The applicability of DfRE suggestions and guidelines will depend on the type and 

complexity of the product and on the users’ capabilities;  

 There are well-known means to provide and test design alternatives, which are 

suggested in the toolbox, but previous knowledge about them is important;  

 Following guidelines help to design right the first time, and then avoiding 

redesign and failure in the future. 
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5 SCDF DEMONSTRATION 

A community in Guatemala was chosen as the model to list and evaluate the framework 

parameters. The work that the NGO Comunidades de la Tierra has done in the 

community of Unión Victoria, along with the problems experienced by both the local 

community and the project team, inspired the development of the SCDF. Thus, it was 

selected as the case study for framework demonstration and general model validation. 

5.1 Baseline Assessment 

Guatemala is a republic located in northern Central America. Guatemala is constituted by 

22 departments (analogous to provinces or states) with a significant percentage of the 

population living in rural areas. The Instituto Nacional de Estadística (INE) states that 

urban areas include cities, towns, and populated places with more than 2000 inhabitants 

of which at least 51% have access to electricity and piped water (Chanax, 2011). It is also 

stated that the great inequality between rural and urban areas is due to services delivery 

and infrastructure. 

Guatemala has a diverse climate, ranging from arid to temperate, and two predominant 

seasons, rainy winter and dry summer (Chanax, 2011). It is a country with significant 

potential for economic development and independence – one of the most diverse and rich 

ecosystems in the world, diverse culture (21 ethnic groups and 2500 archeological sites), 

growing young population, and dispersed population (52% in rural areas). It is also a 

country with plenty of problems – 53% of population living in poverty and 13.3% in 

extreme poverty (less than a dollar per day), chronic undernourishment, high femicides, 

low economic growth, low education attainment levels, and gender inequalities 

(Comunidades de la Tierra, n.d.). Significant challenges related to this widespread 
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poverty lead to significant community vulnerabilities, particularly with the impact of 

projected climate change continuing to erode prosperity and environmental quality. 

For the purposes of this study, the focus is on the department of Chimaltenango in the 

central region of the country that is within part of the Andes Mountain Range. It has a 

predominantly Indigenous population and agrarian economy (fertile land and large 

hydrographic system) (Chanax, 2011). One of the municipalities that stands out in this 

department is Pochuta, which is a former Spanish colony and is famous for its religious 

(Catholic) festivities. Pochuta is located 136 kilometers from the capital, accessible by a 

paved highway. However, the roads to access the villages that make up the municipality 

(72 villages in total, mostly rural) are unpaved and in poor condition (Chanax, 2011). 

Unión Victoria, which will be explored further to demonstrate application of the SCDF, 

is one of these villages. 

The following section presents statistics and contextual information about Pochuta and 

Unión Victoria based on censuses from 1994 and 2002. A new census is expected in 2017 

with no new data available until 2018 at the earliest. Thus, this baseline assessment is 

based in the 1994 and 2002 censuses as well as the 2009 Statistic Survey, Grupo EPS 

2009 Field Survey and other government data reported in the City Administration 

Diagnostic (Chanax, 2011). 

5.1.1 Pochuta Assessment 

The economy is based on agriculture (77% of economy), mainly coffee production, and is 

characterized by family work, natural fertilizers and agrochemical usage, and improved 

seeds. The population of the municipality is growing with approximately 11,000 citizens 

and 2200 houses in 2009 representing a 12% increase from the 2002 census. The 
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population is well balanced by gender (51% male; 49% female) with growth in rural 

populations between 2002 and 2009 from 65 to 74% of the total municipal region living 

outside urban centres. Growth was also noted in the Indigenous population from 56% in 

2002 up to 74% based on 2009 data. From these data, it can be noted that Indigenous 

populations in rural areas are increasing, while population growth in defined urban areas 

is not keeping pace. 

In consideration of the population that is economically active in the Pochuta 

municipality, significantly more men than women were working outside the home in 

2002 versus the balance in 2009. In 2002, 70% of those active in economic development 

and activity were male; by 2009, more women had joined the paid workforce bringing the 

proportion to 50-50 male-female involved with paid work. In each year, approximately 

70% of the total economically active population was classified as rural workers. 

Underemployment has been the main obstacle to socio-economic development, mainly 

due to subsistence agriculture. The average daily income is Q.50.00 (less than $7 USD), 

with more than 30% of the population earning up to Q.900.00 (approximately $120 USD) 

each month in 2009. This positions Pochuta in one of the most precarious economic 

situations in the country.  The lowest incomes are found in the agriculture sector, which 

confirms that poverty is predominant in rural areas. 

In Pochuta, more than 50% of the population owns their own house, 10% rent, and the 

remainder have a borrowed shelter. Even considering the fact that 90% of the owned 

houses have proper documentation, a situation in which 40% of the population are living 

in borrowed houses is alarming.  
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Still discussing basic infrastructure, water, sanitation, and energy accessibility is very 

limited. In both rural and urban areas, approximately 60% of people had access to water 

services in 2009, which comes from four different villages. However, four other villages 

do not have potable water and rely on contaminated wells. It is estimated that, in 2009, 

57% of population didn’t have access to an electric grid. In this scenario, Unión Victoria 

stands out as one of the three villages to which the power company services do not extend 

and some households rely on old and costly turbines. 

There is no waste treatment system in the city of Pochuta. Solid waste collection services 

cover 100% of the urban area, with waste materials deposited on the banks of the river 

Nican, where contamination is an increasing problem. Wastewater is piped and 

discharged in the rivers. In rural areas, solid wastes are burned and wastewater is left to 

run via gravity toward a local river. Moreover, it is estimated that, in 2009, 53% of rural 

population versus 19% of the urban population did not have access to a drainage network; 

faulty and failing pipe systems cause frequent flood issues. 

These gaps in basic infrastructure affect health and nutrition considerably. In urban areas, 

90% of total population have health coverage with more than 80% having ready access to 

public clinics. However, rural health relies on the work of NGOs, such as Renacimiento, 

which are responsible for supporting several villages, including Unión Victoria. 

Approximately 9% of total mortality is due to undernourishment. 

A final aspect of basic infrastructure refers to the education system. Nearly 35% of the 

population in Pochuta was considered illiterate in 2007. In 2009, approximately 91% of 

the illiterate population were living in rural areas. The pre-school infrastructure was 

capable of accommodating 60% of the total student population in 2009, fundamental 
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school 100%, and basic school 74%. Nearly 65% of the establishments are government 

owned and operated. 

Besides infrastructure and education systems, it is important to analyze the social and 

productive organizations in the municipality. There are four main organization structures 

in Pochuta, namely Development Community Councils (COCODES), Women 

Committee, Parish Council, and Fair Committee. COCODES consists of 15 units that 

manage projects for basic services and infrastructure improvements; the Women 

Committee consists of seven groups that manage projects related to community kitchens; 

and the Parish Council coordinates religious activities in the villages that have a Catholic 

church. These three all have a base in Unión Victoria. In addition, the Fair Committee 

coordinates festivities, culture and sports activities in the community. There are also four 

agriculture associations that support product commercialization. The Flor de Café de 

Altura based in Unión Victoria is a cooperative with 80 associates whose focus is the 

commercialization of organic coffee. 

5.1.2 Unión Victoria Assessment 

Specifically about Unión Victoria Community, no reference was found in official 

governmental and statistics documents or databases. Thus, in order to acquire more 

realistic information about the community, this research relies on a series of personal 

communications and several submitted assessment questions to Comunidades de la 

Tierra. The following information is based on those communications and responses. 

About 400 Ixil Maya ethnicity families (approximately 5 to 7 people are in the family) 

live in Unión Victoria. The language spoken is Ixil; a small percentage of the population 

also speaks Spanish.  
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Family incomes are based on the coffee harvest and agricultural work in other areas of 

Guatemala. Although the predominant temperate climate is favorable for many crops, the 

population has access to very little land to grow vegetables and fruits such as oranges, 

papaya, and bananas.  

Medical care is limited in this community, with access to health once a month. The 

percentage of chronic malnutrition in children under 5 years is greater than 50% as their 

diet is considerably imbalanced.  The basic diet of the population is based on beans and 

corn; meat-based protein consumption is low at 1 or 2 times per month; vegetable and 

fruit consumption is similarly low because the population does not grow sufficient 

volumes or variety and has no access to markets. Program employees from Wuku Kawoq 

have been working with mothers on food education, breastfeeding, and recovery of 

children with malnutrition, but no assessment of its effects have been recorded or 

provided for the current research activities. 

As expected based on document-based research, access to basic services like electricity is 

irregular, and piped water only reaches 50% of the population; the remainder of the 

percentage must walk about 4 kilometers to collect water. Sewer services reach only 30% 

of the population and there is no solid waste collection system. Thus, waste treatment is 

based on burning or burial. The following pictures were provided by Comunidades de la 

Tierra team and show two sectors of the community. 
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Figure 5.1. (a) Unión Victoria Community and (b) water source pool. 
 

The picture in (a) clearly shows the simplicity and lack of infrastructure of the village, 

while (b) demonstrates the potential of the hydrological system there. It is important to 

note that this potential is only an advantage to the villagers once it is clean. Thus, 

attention to prevent and mitigate contamination is necessary. 

5.1.3 Ixil Culture 

There is not enough documented information on the Mayan Ixil culture. As pointed out 

by Roberts (n.d.), this culture is based on unwritten knowledge, held in the memories of 

elders and protected by the community. He adds that as Mayans, they have similar 

characteristics with other Indigenous cultures, which include knowledge based on 

personal experience (qualitative, subjective, and contextual), transmitted down orally in a 

repetitive way (as to emphasize the importance and faith on the information) and with a 

holistic approach, seeking to understand the whole. They also have great care for the 

Earth, recognizing human limitations, sacredness of natural resources and the connection 

of all things.  

Ruiz and Marcilla (2015) characterize the “Ixil way” as a reality based on nature, 

religion, and collectivity. Originally, they were a machist and hierarchical society 

commanded by a leader, but many of the communities nowadays have a more Western 
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structure. Also, they tend to distrust “the white man” and so tend to hold their secrets 

back. 

In addition to this baseline assessment, further analyses of the geography of the region to 

map resources, hydrology, topography, climate, and volcanoes and earthquakes activities 

are suggested for a complete scenario of the region. 

5.1.4 Community Assessments 

Following the SCDF, the next step is to assess livelihood, lifestyle, perceptions, and 

needs of the community (as cited in 4.3.1). Analyzing the Ixil culture, the developmental 

questions must be addressed using a focus group adapted to their context. First of all, 

conducting the group in the outdoors is a strategy to get closer and connected to nature, 

and might allow them to feel more comfortable, opened, and inspired.  

Second, it is important to have specific people in the group not only to allow a better flow 

of information but also to create a safe space with the inclusion of people upon whom the 

majority of the population trusts. These might include actors from local NGOs that are in 

constant communication with the village, such as Comunidades de la Tierra and 

Wakami, community leaders (if this is a hierarchical society), Spanish-speaking 

households, local religious representatives and elders. 

Third, to create a participatory and effective communication among a diverse group like 

this, an interesting option is to develop cooperative games, which are more informal, 

enables everyone to participate and collaborate and can make great use of illustrative 

visual and body languages. In his book, Silva (2009) relates several group dynamics 

focused on rural learning development, including one for communication and perception 
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assessment, and one of content association. These two can be readily adapted for this 

context. 

Based on the available data and response forms from NGO contacts for this research, it 

was determined that their community assessment recommends wastewater treatment as a 

priority for the community, followed by energy access. For the purposes of this research, 

given that in-community demonstrated of this stage of the SCDF is not possible, it is 

assumed that these responses are accurate and so the subsequent steps for project 

development are based on these priority issues. 

 

5.2 Technology Task 

Options to address the described issue include installing wastewater treatment systems 

(WWTS) in a community scale or household scale, or expanding the urban grids to the 

village.  In consonance with the NGO information, due to the distance, costs, and 

impacts, expanding the urban grid is out of question. Also, creating a community scale 

system will demand investments and resources not available in the moment. Thus, the 

likelihood of success is higher with the implementation of household WWTS.  

According to The Public Health and Safety Organization (NSF, n.d.) there is a growing 

need for alternatives to residential wastewater treatment including: composting toilets, 

electric incinerating toilets, septic tank, effluent filters, several residential wastewater 

treatment systems, and several onsite water reuse treatment systems. For the last two, 

they offer a long list of commercial technologies available on the market. The ST 

database also contains several models on each category. With a rich database in this field, 

it might be possible to find a technology that can be adapted to both local reality and CST 
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principles instead of creating a new one from scratch, which would require a complete 

team of engineers and significantly more time.   

In order to evaluate the most suitable technology, De Lucca (n.d.) divides vulnerable 

communities into two groups: Group A refers to communities that do not have any 

sanitation structure such as toilets and sinks, nor waste treatment systems; Group B refers 

to communities that include these basic sanitation structures but do not have means for 

treating wastes and residues. Unión Victoria fits into Group B, and so the recommended 

social technologies solutions vary from septic tanks to evapotranspiration basins and 

similar types of infrastructure options. 

Analyzing the needs and capabilities of Unión Victoria, implementing septic tanks seems 

to be a relevant solution, since the waste composition includes more than only fecal 

material (if this was the case, composting toilets would be a great solution) but also does 

not include high total solids content, which would require a more complex treatment 

system (if this was the case, STs based on the Living Machines and constructed wetlands 

would be relevant).  Also, septic tanks can greatly reduce pathogens and stabilize 

chemicals; and they are affordable  (Bahri et al., 2012). This is in accordance with the 

NGO’s initial idea, which has requested the implementation of an appropriate septic tank 

for the households through a permaculture design. Summarizing, Unión Victoria is 

looking for a system that treats the wastewater and prevent further contamination, but 

also that is affordable, simple, and aesthetically appropriate. 

Some barriers to implement this project in the community include limited available 

resources, low community engagement, lack of a co-building model for the solution, and 
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technical difficulties to incorporate pipes for waste collection in existing sanitation 

structures. 

 

5.3 Project Planning 

Once the technology is selected, the project can be planned and the scope defined. Figure 

5.2 shows a simple example of a Scope Declaration document where the scope statement 

is registered to guide the project team in future decision-making.   

Scope Declaration 
Document Objective: To clearly describe the work that will be realized and the project 
deliveries. 
Project Title: Sanitation for All 
Project Objective: To provide means for wastewater treatment in the village Unión 
Victoria, in Pochuta - Guatemala. 
Justification: The community has been suffering with water and soil contamination and 
health problems due to the lack of wastewater treatment (there is no local systems and 
neither connection to the grid). 
Product Scope: To select the best Clean Social Technology that will be effective in the 
treatment of household wastewater and also provide aesthetics. If necessary to make the 
technology appropriate to the target population, adaptations in the design must be 
incorporated. 
Project Scope:  
Operational: 
1) To select target people for the focus groups, consultations, and for the co-building 

process;  
2) To create the Bill of Materials and find appropriate suppliers;  
3) To estimate budget and schedule, and find investors if needed;  
Technology: 

1) To define and adapt the appropriate design that incorporates customer attributes and 
needs; 

2) To create a risk analysis and provide strategies to mitigate them; 
3) To define performance indicators; 
Communication: 
1) To capacitate local people on building and operating the system; 
2) To foster adherence to the system; 
3) To consult with local people and get approval and feedbacks. 
Performance: The product performance may be monitored by technical indices such as 
removal of total suspended solids, turbidity, COD and BOD, and by increasing on health 
and wellbeing through the use of indexes such as WPI. 
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Approval 

Actor Signature Date 

NGO Representative   

Project Manager   

Figure 5.2. Project Scope. 
 

 It is important to write a statement as comprehensively as possible in order to avoid poor 

planning or miscommunication. As soon all stakeholders and hierarchical entities 

approve the project, the implementation phase can start. 

5.4 Concept Design 

Combining all information, two CST were selected to be implemented in the community: 

a sustainable septic tank (DMAE, n.d.) and an evapotranspiration tank TEvap (EMATER, 

n.d.). They are evaluated as represented in Table 5.1. 

Table 5.1. DfRE Conformance Evaluation Chart for Unión Victoria Project. 

Factor Weight* 
Septic 
Tank 

(Ratings) 

TEvap 
(Ratings) 

 
Design 1 

(Weighted) 
Design 2 

(Weighted) 

 

Is the technology 
decentralized? 

5 5 5  25 25  

Is it possible to build the 
entire technology in-place 
and with a participatory 
approach? 

4 5 5  20 20  

Does the technology address 
more than one issue (has 
more than one function)? 

4 5 4  20 16  

Does the design reflect 
customer needs and 
incorporates desired 
attributes and functions? 

5 4 5  20 25  

Will the community be able 
to take ownership of the 
technology? 

5 5 5  25 25  

How well the design has 
been simplified (number of 
parts and material usage)? 

4 4 4  16 16  

How easy is the operation 
and maintenance of parts 

4 3 5  12 20  
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(handling, inspection and 
repairs)? 
How easy and 
straightforward are to 
assembly and disassembly 
the parts? 

3 3 1  9 3  

Is the product (mainly 
sensitive parts) protected 
against environmental 
factors (heat, humidity, 
corrosion, etc.)? 

3 3 4  9 12  

Are there back up and safety 
measures designed in case of 
parts failures? 

3 2 3  6 9  

Does the design anticipate 
human errors and 
incorporate preventive 
measures? 

3 2 4  6 12  

Does the product uses local, 
renewable and safe 
materials? 

5 3 4  15 20  

Do the involved processes 
generate waste, by-products 
or excessive noise and if so, 
are there measures to 
mitigate them? 

4 4 5  16 20  

Is the product inclusive (fits 
all users independent of 
physiology, disability, 
gender and social class) and 
ergonomic? 

5 5 5  25 25  

Are controls obvious, well 
located and appropriate for 
user’s knowledge? Are they 
planned for minimum 
tooling? 

4 5 5  20 20  

Has the technology been 
properly tested? 

3 3 3  9 9  

        

Total Weighted Ratings     253 267  

* Weighing Scale: 1 (smaller) to 5 (higher) 
 

In this case, the technology design is ready and open source, what allows several steps of 

the development processes to be skipped. Although previous studies informed by the 

NGO suggests the implementation of septic tanks, the use of SCDF provided a more 

appropriate solution to the case. This is the result of, not only the access to CSTs 
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databanks, but also the meticulous process of gathering and combining essential 

information provided by the SCDF, which creates a more accurate reading of the case. 

TEvap is a closed system tank that treats black water and reuse its nutrient. Within the 

system, anaerobic decomposition of organic matter and nutrients and water absorption by 

plants’ roots occurs. This ensures that no by-product is redirected to filters or sinks as it 

happens with conventional biodigester septic tanks, minimizing the chances of 

contamination. The decomposition is made by the bacteria present in the bioseptic tires' 

chamber and in the spaces created by the overlay of building debris. The plants 

incorporate the nutrients to their biomass and absorbs the water by capillarity, further 

releasing it in the atmosphere by evapotranspiration, free of contamination. The design is 

shown in the Figure 5.3. 

 
Figure 5.3 TEvap (Emater, n.d.) 
 

The system scaling suggested by Emater (n.d.) after several applications is a basin 1 

meter deep and 2 meters wide. The length is relative to the number of households, once it 

is suggested by the studies that each household requires 2 cubic meters of tank to avoid 

leakage. Here an adaptation of the system to the Guatemalan reality may be required, as 

the local meteorological conditions varies in each context and may affect the system 
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scaling.  To create a more realistic scaling, Galbiati (2009) created an equation to 

calculate the tank superficial area, which is influenced by infiltration, rainfall, 

evapotranspiration, and daily flow per person. However, further studies are still required 

to calculate the local infiltration coefficient, one of the equation variables, and as the 

focus of this study is not to dive deep in the technology itself, the average scale will work 

well. 

The walls will be coated with thick plastic canvas to protect against toxic substances and 

pathogens infiltration in the soil. Once the basin is molded, the anaerobic chamber can be 

built using used tires to create a duct, and building debris, such as pieces of brick, tile and 

gravel, to encase the basin up to the tire’s height and provide spaces for water movement 

and bacteria proliferation. The tire duct and debris layer is covered by three other layers 

(gravel, sand, and clay) up to the basin border, each with 10cm, 10cm and 35cm of height 

respectively. In fact, the ideal is that the clay cover be higher than the soil level and the 

surface curved to drain rainwater out of the system. Surrounding the system, a trench 

must be built to protect it from the rainwater. 

The black water coming from the toilets is released in the middle of the tire duct through 

a PVC pipe. Two other PVC pipes are attached in the system: one vertical (100mm 

diameter) penetrating the tire’s duct to act as an inspection tube, and another one (50mm 

diameter) acting as a drainage tube, which will drain excess effluent (if it is the case) to 

the trench.  

Besides the fact of not releasing by-products in the ecosystems (except the evaporated 

water), other modifications that increase appropriateness of this system over the 

conventional septic tanks include minimization of parts and materials (no cement, no lid, 
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no screws, less pipes and tanks), solution to another problem (tires and building materials 

recyclability/disposal), elimination of maintenance operations (no sludge to be removed 

periodically) and it also provides aesthetics. In order to give an idea of the effectiveness 

of this system, Table 5.2 shows the system performance in a study made by Paulo et al. 

(2013).  

Table 5.2. Average and standard deviation of physical-chemical analysis from samples taken at sampling 
points B1 (inside the TEvap) and B2 (overflow of the TEvap) (Paulo et al., 2013).  

 
 

The table shows great results, pointing to removal of 45% and 80% of COD and BOD 

respectively, and considerable removal of TSS and turbidity. The increase in alkalinity is 

due to chemicals neutralization. 

The materials required for building this system are: plastic canvas, used tires, building 

debris, sand, clay, PVC pipes, ornamental plant seedlings, and digging equipment. 

Central America Data (2013) reports that the continent throws away approximately nine 

million tires per year, thus partnerships with target organizations may allow free 
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acquisition of the tires. Partnerships may also enable borrowing the digging equipment if 

there is nothing to be used or adapted in the community. The rest of the materials can all 

be found easily in the community and in neighbor villages. 

The permaculture information map and zoning techniques must be used here to ideally 

position the system, once it should be exposed to sun as much as possible, close to the 

house (to minimize pipeline material), and far away from natural water sources (to 

prevent contamination) and from woods (to prevent shadows and increase ventilation). 

5.5 Social Marketing Strategies 

The idea here is to increase adherence to the system, that is, increase the number of 

households wanting to implement the system in their own houses and acting accordingly. 

To make it happen, the first tool to be used is convenience, which simply means making 

it easy to act. The choice of the design has already started this process, eliminating 

building parts and maintenance operations, so that the households won’t spend time 

managing the system. The second part is to ease the process through providing the 

material input that is not found in the community, such as the tires. The establishment of 

partnerships with organizations that sell, buy, or collect tires to deliver them in the 

community can create a stock of this input and increase community access to it. 

The second tool will be, in fact, a combination of two: commitments and prompts. 

Through the use of a prompt (Figure 5.4), the households who implement the system will 

make this commitment public. Engaging publicly in sustainable behaviours not only 

improve self-perception but also foster social norms and social diffusion.  
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Figure 5.4 Prompt for Public Commitment. 
 

This prompt (meaning “I recycle my water” in English) can be made as a sticker where 

the households can stick in their windows and doors, or it can be made as a sign plate and 

be placed near the system, for instance. 

 

5.6 Risk Analysis 

Based in the National Decentralized Water Resources Capacity Development Project 

(Oak Ridge National Laboratory, 2004), the risks for this project are assessed in four 

different categories, as follows: 

 Systems failure: include plugged, too little flow, too much flow, no anaerobic 

activity, leak or rupture and flooding. Using FMEA, historic data and engineering 

expertise, the probability, duration, and magnitude can be estimated. Mitigation 

strategies must then be developed for the risks that warrant attention. Also, 

training a local person to conduct inspections and repairs could provide an 

employment opportunity and minimize failure and impacts; 
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 Health risks: include exposure to chemicals and microbial infections. Exposure 

and dose-response analysis must be evaluated to estimate the risks and define 

strategic measures; 

 Ecological Risks: include exposure to stressors such as nitrogen, phosphorus, and 

ammonium, and microbial contamination of soil and water bodies. Exposure-

response and legislation analysis must be used for this assessment; 

 Other Risks: Monetary issues; difficulties to acquire and transport the tires; 

vulnerability to volcanoes and earthquakes; lack of engagement in the building 

process; and lack of adherence. It is normally characterized by studies on spatial 

and temporal distribution and receptor affected. 

With this information in hand, the project team (designers and local people) can evaluate 

the impact and determine acceptability and strategies for mitigating and controlling.  

 

5.7 Implementation and Power Transfer 

Once the project is all planned, it is time to implement it and transfer the power to the 

households.  In order for this to happen, it is necessary to pilot the system first and ensure 

it performs as expected, and to create a basic training program to instruct the households 

on the building and monitoring operations. Also, a celebration for the project closure may 

come in hand given the tradition of festivities they have. 

One change per time is always more effective and endurable than several at once. Later 

after this system is consolidated, it will be relevant to think about designing recycling 

systems for the grey water! 
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6 CONCLUSIONS 

A new global development agenda with new approaches and new strategies are needed. 

The time calls us to recover our moral values and account for the ecological and 

humanitarian costs of our actions. As Farley (2015) once wrote, “we cannot simply 

assume that markets are always best”. We need to engage in cooperative solutions as if 

people and Earth matter in order to create a safe, just and sustainable space for living. 

Although technologies have been improving wellbeing and enabling access to basic 

needs to an increase number of population, they have also been increasing vulnerability 

and poverty around the world. This study has demonstrated that applied and social 

sciences together have much to contribute to sustainable development. Approaching the 

development of clean social technologies, in synergy with educational programs and 

supportive policies is a potential strategy to foster sustainable behaviours, promote 

ecologically sustainable systems and create a safe, inclusive and sustainable space for 

development.  

Chapter 4 developed a rationale showing relevant arguments in favour of developing 

ecologically sustainable systems in order to fill the gaps discussed in the literature 

review. Deploying the features, the study pointed three necessary actions to promote 

ESSs widely: development of clean social technologies, design of supportive policies and 

implementation of educational programs focused on sustainable development and related 

areas. Then, due to its engineering perspective, the characterization and discussion 

around CSTs was made. 

CSTs benefit from the diversity of local resources, add to the knowledge of modern 

engineering, and the knowledge of sciences like permaculture to build community-owned 
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decentralized systems. These systems are not only more affordable, but more democratic, 

bringing solutions that involve local contexts, waste reduction (as they convert it into 

energy), pollution reduction (as they require less infrastructure and reuse the waste), and 

community empowerment (through the co-building process, the creation of more jobs, 

and the access to energy, water and food). 

Furthermore, Chapter 4 focused on developing a reference model to guide project and 

product development processes that support the design of CSTs. The framework 

innovates in the integration of applied and social sciences with a participatory approach 

and in its focus on developing and empowering vulnerable communities appropriately. 

Project structuring, product characteristics and local participation exerts strong effect on 

the prospects for successful sustainable development. 

 Through the case study based in the village Unión Victoria, in Guatemala, one can notice 

that the framework is a iterative (many actions can occur simultaneously) and flexible (a 

non-prescriptive model that may be adapted to any specific context). Although it asks for 

a team who can brainstorm, share responsibilities, and be in constant interaction with 

target audience/users, it served as a good model to guide the steps of project planning and 

it was easily adapted to the context of lacking a team and lacking direct contact to the 

community. During this case study, many steps were skipped and the order of some 

actions altered. In addition, cultural differences shows to be a great challenge for 

effective communication. 

The transition from conventional systems to ESSs might be easier in some places, but 

gradual in others, depending on, according to Marlow et al. (2013), a hybridization 

process to smooth the change. The SCDF and the DfRE are open-source tools that can be 
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used to foster this smooth transition and to provide some momentum for re-articulation of 

technology innovation and use. 

 

6.1 Recommendations 

Once the demonstration of the framework was done by documental analysis, a limitation 

of this case study is the proper identification of perceptual needs and consultation during 

the gates.  Adding to this the lack of a design team, tight resources and the purpose of the 

thesis limited the ability to create a new technology from scratch. Thus, it is suggested 

the implementation of a research-action, that is, a pilot test in field, following all steps of 

the model and ensuring interaction of researches and local community. Proper 

documentation must be done in order to further update the framework if necessary. 

In addition to this suggestion of proper piloting the framework, comes the idea of piloting 

it in different community/contexts around the world. This framework aims to be a 

reference model, and so, it must be adaptable and effective to all circumstances. 

Lastly, another limitation is the combination of subjective approach with small 

population sample participating on the focus group and consultations. Subjective 

approaches rely on dedication, impartiality, knowledge and the mood of the participant 

during the interviews.  These variables can vary depending on the participant, time and 

space of the activity, and may decrease the liability of the answers. Also, as smaller the 

sample, more unreliable will be the answers. Thus, it is suggested for future studies the 

analysis and creation of methods more appropriate for this type of participatory project, 

including risk and performance analysis, and also review of the weighting of charts 

through expert consultations using the Delphi method.  
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