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a b s t r a c t

This paper proposes a new conceptual design tool for bioenergy systems, the 2MBio, and its imple-
mentation on the case of wood fuel energy systems (WES) in South Mozambique. Dependence on wood
fuel characterises most Sub-Saharan countries and WES are complex socio-ecological systems dynami-
cally linked to crucial development issues, e.g., deforestation and poverty. In Mozambique WES supply
over 70% of the national energy needs through an informal business network worth around one million
euros each year. In contrast with the 2MBio, currently available tools often aim at supporting decision-
making onWES with off-the-shelf expert solutions and optimisation of WES efficiency, supply chains and
resource management. While relevant and useful, such approaches are frequently unsuitable to engage
the knowledge and creativity of a wide range of crucial actors. The 2MBio addresses this gap providing a
simple, visual platform on paper that supports from illiterate to professional users, to stimulate creative
ideas and apply current knowledge while designing their ownWES. The results of implementation in real
settings in South Mozambique produced relevant design breakthroughs. Compared with the absence of
any other support tool, and faced with same design challenges, the 2MBio participatory design work-
shops in south Mozambique resulted in comprehensive analysis of wood fuel energy systems, and
innovative integrated WES solutions design. The proposed approach raised participants’ awareness about
opportunities and constrains linked to their WES while also facilitating information sharing new learning
dynamics and enhance creativity.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Biomass, the oldest source for energy generation used by human
beings, currently supplies 10e14% of global energy requirements
and has the potential to provide over 40% in the future (Rosillo-
Calle, 2016). Bioenergy may reduce pollution, improve local and
global socio-economic and environmental conditions, while pro-
moting energy security (e.g. Smith et al., 2016). It is considered a
fundamental basis for a green economy, green growth and bio-
economy strategies (Gibbs & O’Neill, 2016; Scarlat et al., 2015) and
therefore recent climate and energy policies promote its use (GBC,
2015; Philp, 2015). In particular, wood fuel energy systems (WES)

can have substantial social, economic and environmental benefits
in both developed (e.g. Akhtari et al., 2014) and developing coun-
tries (e.g. Sepp, 2014; Neufeldt et al., 2015); and could potentially
support “bioeconomy-smart green growth” (Ollikainen, 2014).

Despite the benefits indicated above, it has been highlighted
that WES are linked to concerning issues such as deforestation,
poverty, gender bias, and health problems (e.g. Rosillo-Calle, 2016;
Cozier, 2015; Zulu and Richardson, 2013).

Notably, in Sub-Saharan Africa, charcoal- and firewood-based
WES provide 70e80% of total energy consumption being 90% of
this amount used for cooking by 730 million people (IEA, 2014). In
2012, Sub-Saharan countries produced an approximate total 36
million tonnes of charcoal worth US$11 billion (IEA, 2014). In terms
of development and environment, Sub-Saharan countries could
significantly benefit from employing tools to assist users of WES* Corresponding author.
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tackle their complexity and effectively support transitions to more
sustainable livelihoods.

Available tools, however, have tended to focus on off-the-shelf
expert solutions aiming at improving decision-making, analysis
and optimisation on technology efficiency, supply chains and/or
resource management. Based on predefined visions of sustainable
transitions mostly foreign to Sub Saharan reality, such tools often
require computer-based applications or advanced analytical skills,
which may well be ill-suited to promote participatory design ini-
tiatives among the WES actors of the Sub-Saharan reality. A main
limitation is that most current tools may end up producing deter-
ministic, prescriptive, normative and unsuitable designs for most
WES actors. However, sustainable transitions require newmodes of
production and consumption as well as new ways of thinking to
conceptualise, analyse and define what to change, how and why
(Blok et al., 2015; Lukman et al., 2016).

Focusing on Mozambique, a Sub-Saharan country for decades
among the world least developed countries (UNDP, 2015) around
24 million people (96% of the population) rely in different degrees
on firewood and charcoal WES (IEA, 2014). In households, firewood
and charcoal are predominantly burnt for to boil water and cook-
ing- the latter requiring long hours of preparation over the fire. To
supply these two basic needs an estimated 15,284 thousand tons of
wood (9545 tons for firewood and 5741 tons for charcoal) are
removed from Mozambican forest every year (Ryan et al., 2017).
Whereas forest cover is estimated to exceed 50% of the country’s
surface (Marzoli, 2007), and existing deforestation has been
attributed to factors such as agriculture and fires (Sitoe et al., 2016),
households reliance on firewood and charcoal which is readily
available and “money-free” puts further pressure on forest re-
sources. In addition to deforestation concerns, in Mozambique,
9700 children’s deaths from pneumonia and 1400 adults’ deaths
from chronic lung disease have been attributed to indoor pollution
arising from burning firewood and charcoal (Legros et al., 2009).

Historical, institutional and social circumstances (e.g., the recent
past of Civil War) have, furthermore, undermined the adoption of
suitable forest management practices in Mozambique. Examples
are lack of effective countrywide enforcement of forest, land and
energy legislation, generalised bribery, migration, and lax control of
forest resources use for energy purposes. Notably, over 98% of the
charcoal business in Mozambique had been run through informal
mechanisms and networks without any visible government inter-
vention or taxation (Cumbe et al., 2005).

In the light of such WES intricate features, any tool to address
bioenergy complexity in Mozambique and effectively promote a
transition to sustainable economies should support active partici-
pation of stakeholders, including those who often have only been
allowed lesser roles on energy systems design. Such tools should
develop systemic and trans-disciplinary perspectives to stimulate
creativity, innovation, participation and knowledge sharing among
different actors (e.g., users, producers, politicians, academics, pro-
fessionals). This study addresses precisely those energy design
challenges.

Whereas participatory design approaches have been developed
for business (e.g., Osterwalder, 2004) and metamodelling (e.g.,
Fischer et al., 2004) only very few participatory approaches have
been advanced in the energy field (e.g., Cherni et al., 2007), but with
even less attempts to use creative participatory design as this
article discusses for bioenergy resources. Three interlinked and
transversal drivers are central to developing participatory design
tools for wood fuel energy systems: effective creativity (Mitchell
and Walinga, 2017); co-evolutionary, systemic and trans-
disciplinary analysis (e.g. Foxon, 2011; Wiese, 2016); and broad,
inclusive, and active participation (de Bakker et al., 2016). In
operational terms, new tools should be tailored to the high levels of

illiteracy, lack of electricity and low access to ICT tools prevailing in
many Sub-Saharan countries.

To address this design gap and respond to eminent requests for
sustainable transitions in developing countries, a novel approach to
ideate/conceive sustainable wood fuel energy systems is proposed.
The proposed approach and tool, the 2MBio, stimulates users’
creativity, sharing of knowledge and improves learning experience
on bioenergy systems. Furthermore, to evaluate the ability of the
2MBio tool to stimulate creativity and design quality, it was tested
through workshops in south Mozambique where actors from a
wide range of backgrounds took part.

To expose the benefits and fundaments of the 2MBio this article
critically reviews available systems approaches to bioenergy, the
links between design and creativity and the available design tools
for bioenergy to the proposed new approach to bioenergy systems
design (Section 2). Building on lessons from this literature the
2MBio is explained, as well as, the case study and the setup used to
design and test it (Section 3). The results are then presented
(Section 4) followed by its discussion (Section 5) and conclusion
(Section 6).

2. Approaches and creativity drivers for wood fuels energy
systems design

2.1. From linear towards systems thinking approaches

Anthropogenic emissions from energy generation and use have
caused damage to the atmosphere and global warming; nonethe-
less, energy is a fundamental component of human development
and subsistence. A growing awareness of the damaging impact of
human activity on nature has stimulated a critical inquire on the
current models of development (e.g. Schneider et al., 2010),
together with a greater interest in sustainable transitions to cleaner
sources of energy (e.g. Lukman et al., 2016). The use of renewable
energy sources, among them biomass and wood fuel, could be a
cornerstone of sustainable development and transition to low
carbon energy (e.g. GEA, 2012; IEA, 2015).

The concept of energy systems has been used in ecological,
economics and sustainability fields for analysis and assessment
studies focused on energy production and consumption (e.g.
Brown, 2004; UNDP, 2004).

The conceptual basis of most energy-focused econometric
models, supply chain models, assessment methods (e.g. LCA) and
engineering technical solutions to address energy systems follows
only a linear logic. While an important and simple to follow guide
for design, this linear and simplified vision fails to capture the
richness of interactions and complexity of energy systems. In its
simplest description, an energy system is a chain of technologies
converting energy resources into energy services (Fig. 1).

However, more than a set of technologies, WES involve a high
number of actors, knowledge, interests and subsystems, with their
multiple, non-linear and unpredictable interactions established
across varied temporal scales. Acknowledging the need for more
sociological systemic approaches closer to reality, WES has been
conceptualised as socio-technical systems (Pasmore and Sherwood,
1978), or socio-ecological systems (Gallopín et al., 1989; Berkes and
Folke, 1998), which could then be further quantitatively and/or
qualitatively assessed.

Socio-technical perspectives have been used to analyse, assess,
define and guide bioenergy policies (e.g., Kivima and Mickwitz,
2011) and projects (e.g. Polach et al., 2015) geared to achieve sus-
tainability. Socio-technical and co-evolutionary theories have been
combined to understand and guide transitions to low carbon
economies, while systems thinking approaches were applied to
explain energy transitions as the result of complex interactions, at
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