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A B S T R A C T   

Assessing sustainable development strategies and alternatives depends on placing human well-being and the 
environment at the core of policy efforts and developing accounting methods to determine whether countries are 
progressing towards increasingly equal well-being. In this work, emergy accounting was used within the five- 
sector sustainability model (5SenSu) for measuring resource use inequality. As a diagnostic proposal, the 
5SEnSU model based on the theory of ecologically unequal exchanges and emergy synthesis were used to assess 
Mozambique’s poverty traps. Inequalities were measured considering the flows of goods, energy, and money 
between the social, economic, and environmental sectors as representative of the national economy. The 5SEnSU 
model showed that the environment directly supports a large part of the Mozambican population and that the 
country has growth potential according to the natural environment over 38 sej/sej, which must be used to ensure 
sustainable and equitable growth. Mozambique also has the potential (23:1 in emergy units) to maintain carbon 
neutrality and preserve forests and soil resources while undergoing economic development and growth. 
Mozambique has carbon credit and a resource surplus but needs to develop mechanisms to improve economic 
sectors through cleaner and well-being-centered development policies. High inequality between the social sectors 
and the economic system exposed a high dependency on local environmental resources characterizing a con
dition of vulnerability. The reduction in the number of people living below the poverty line and the effective 
implementation of the sustainable development goals may be achieved by balancing the capacity of the economic 
system with the country’s environmental/social capacitiy.   

1. Introduction 

Africa is the most unequal region in the world (ADB, 2015), a con
dition persisting over time regardless of the differences among African 
countries in terms of development level and resource endowment. The 
continent includes 33 of the 47 least-developed countries in the world 
(UNCTAD, 2018; 2019b). The reduction of inequality and poverty has 
been a central goal in all the international Sustainable Development 
Agendas (Lakner et al., 2019), from the United Nations Millennium 
Declaration and the Millennium Development Goals (UN, 2015a) to the 
Agenda 2030 and the Sustainable Development Goals (SDGs) (UN, 
2015b). While refers explicitly SDG 10 specifically refers to reducing 

inequalities, understanding why and how they occur in Africa is essen
tial for reaching other targets such as SDG 1, no poverty (Odusola et al., 
2017). The United Nations Conference on Trade and Development 
(UNCTAD, 2018) recognized the longstanding marginalization of the 
least-developed countries and the increasing inequalities among them, 
calling for the need for international support. The battle against poverty 
and regional inequality is a priority on the public policy agenda of 
several countries, a major activity of many economic and political in
stitutions, and the subject of extensive research (Fosu, 2009, 2017; 
Barbier, 2005, 2012; Nel, 2008, 2018). 

Measuring inequality requires decisions on variables, study popula
tion, and distributional characteristics of interest. According McGregor 
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et al. (2019), these decisions should be closely linked to an underlying 
objective defined by the social welfare function. Inequality is typically 
related to wealth or income, and its measure is affected by political, 
economic and social interests that often determine the chosen variables. 
Poverty has multiple definitions and can be assessed through different 
parameters. Opschoor (2007) defined poverty as the social condition of 
chronic insecurity resulting from the malfunctioning of economic, 
ecological, cultural and social systems. This condition leads groups of 
people to lose the ability to adapt, survive and live beyond minimum 
levels of satisfaction with their needs and aspirations. For Reed (2002), 
poverty results from people’s inability to access life-sustaining assets, 
including environmental and cultural assets. To understand and quan
tify the interdependence of the objectives of reducing poverty and 
inequality, Lakner et al. (2019) performed a set of scenario simulations 
for global poverty from 2018 to 2030. Using different assumptions about 
growth incidence curves to model changes, they suggested that reducing 
each country’s Gini index (a well-known and broadly used measure of 
inequality in income distribution) by 1% per year would have a greater 
impact on global poverty than increasing each country’s annual growth 
by 1% above forecasts, which shows the central role of inequality in the 
elimination of extreme poverty. 

Different degrees of inequality can lead to substantial disparities not 
only between countries but also within each country in Sub-Saharan 
Africa (Fosu, 2009, 2017) because the income-growth elasticity of 
poverty does not only depend on the initial level of inequality, it is also 
dependent on the average income relative to the poverty line of each 
country. The structure of economic relations among countries is a crit
ical factor for national and global inequality. More than two-thirds of 
global inequality can be explained by differences in income between 
countries, and only one-third by distribution patterns within countries 
(Wess, 2013). Overall, inequalities between countries are shaped and 
reinforced by the nature of the international economic system and the 
structures that govern these relations (Melamed and Samman, 2013; 
Doyl and Stiglitz, 2014). According to neoclassical theories of regional 
growth, disparities between regions should not persist over time as 
convergence naturally occurs through the free market (Ray, 2007; 
Wijerathna et al., 2014). Based on this thought, the drivers of conver
gence might be attributed to the movement of production factors (fa
voring developed regions over lagging regions) among the regions in 
search of greater economic returns or new technology uptake. As evi
denced by (UNEP - United Nations Environment Programme, 2016), 
UNCTDA (2019) and Dorninger et al. (2021), regions that produce pri
mary products are generally poor, with a vulnerable population highly 
dependent on commodity production and without access to the market. 
These regions produce valuable environmental products that, in the end, 
do not benefit the producing region, serving only as a source of raw 
material for the metropolises. 

The mechanism of reinforcing inequality that causes persisting 
poverty is known as the poverty trap (Azariadis and Stachurski, 2005), 
and occurs at different levels that may reinforce each other, posing 
extra-difficulties in dealing with poverty alleviation (Radosavljevic 
et al., 2021). The concept of poverty traps helps explaining inequality 
between as well as within countries (Easterly, 2001; Barrett and Swal
low, 2003). Measuring inequality is thus a necessity not only to assess 
and monitor its very own dimensions but also to set goals to overcome 
poverty traps. Among similar other countries in Africa that are facing 
inequalities, the evolution of poverty in Mozambique resulted in notable 
regional disparities, with almost one in two Mozambicans trapped in 
chronic poverty and about 25% of the population considered highly 
vulnerable (World Bank, 2018) - measured with reference to the inter
national poverty line (US$2.15 per person per day in 2017 PPP), poverty 
in Mozambique reduced from 79.8% in 2002 to 69.6% in 2008 and to 
64.6% in 2014. Between 2020 and 2021, poverty in the country reached 
an average of 64% and is estimated to continue at that level in 2022 
(World Bank, 2022). Mozambique shows the lowest human develop
ment index (HDI of 0.446) among the southern African countries (World 

Bank, 2018; ADB, 2015) and has been the subject of many studies on 
poverty and inequality (Arndt et al., 2010, 2012; Giesbert and Schindler, 
2012; Akobeng, 2016; Alkire et al., 2017; Gradín and Tarp, 2019). 
Lavopa and Szirmai (2018) identified Mozambique as a typical example 
of a country that has been in a poverty trap for decades (1991–2014) 
with low labor force productivity. According to the World African 
Development Bank (2018), the poverty rate in Mozambique decreased 
from 60% in 2002/2003 to 48% in 2015, household consumption 
growth was accelerated after 2008. Still, the economy became less in
clusive, disproportionately benefiting the more fortunate. This indicates 
a more general trend of fast reduction in poverty and increasing inter
regional inequality in some regions where poverty has historically been 
the highest. 

Studies on poverty and inequality in Mozambique mostly focused on 
income distribution. There is a need for evaluations that also consider 
the degree of inequalities allied to access environmental resources (Nel, 
2008; Barbier, 2012; Doyl and Stiglitz, 2014). According to UNEP 2012, 
countries should assess their state of development not only through 
measures such as the HDI and economic growth but also in terms of the 
degree to which their total use of resources is derived from the envi
ronment. Frugoli et al. (2015) confirmed that the lack of correlations 
with the fraction of renewable resources for all groups of social, eco
nomic, and environmental indicators considered confirmed the 
well-known criticism that the HDI disregards environmental issues. 
From the indicators considered, the HDI is reasonably satisfactory when 
combining economic and social aspects, with a strong inverse correla
tion with the biophysical indices. 

The HDI was introduced in the 1990s (UNDP, 2019) as an essential 
step towards a measure of progress defined less by GDP growth and 
more by social targets (Biggeri and Mauro, 2018). Regarding this index, 
Hickel (2020) highlighted that the limitations of the HDI became visible 
in the 21st century due to the growing debate on climate change and 
ecological collapse. The HDI does not value ecology issues and maintains 
an emphasis on high levels of income (UNDP, 2011) which, given the 
strong correlations between income and ecological impact, violate sus
tainability principles (Hickel, 2020). The HDI is relatively crude because 
it does not consider sustainability, vulnerability, and inequality, among 
others (Chhibber, 2020). In rankings on the level of development, 
countries at the top of the HDI have been those that use more carbon and 
deplete more natural resources than those below them (Chhibber, 2020; 
UNDP, 2019). Mozambique is a country endowed with diverse and 
abundant natural resources with a high potential to boost the country’s 
development. Even with abundant resources, Mozambique remains the 
poorest country in Southern Africa. It ranks among the 10 least devel
oped countries in the world, with around 54% of the population needy 
and very dependent on the environment for subsistence. This results in 
environmental degradation and high pressure on the environment 
(MICOA, 2014). While poverty alleviation does not directly reduce 
environmental pressures, it largely enables the implementation of 
necessary actions to deal with environmental impacts (Markandya, 
2001). For example, the Government of Mozambique implemented the 
Environmental Poverty Initiative (PEI) developed by the United Nations 
Development Program (UNDP) and the United Nations Environment 
Program (UNEP) to integrate environmental issues and their indicators 
into national development plans (UNDP-UNEP PEI., 2015). 

In this context, a novel approach for measuring inequalities is pro
posed in this work focusing on the balance of resource flows (including 
energy, goods, services and currency) between the human systems, 
economic activities, and the environment. This approach is supported by 
the theory of ecologically unequal exchange rooted in the world-system 
theory of unequal economic exchange and dependence (Emmanuel, 
1972; Prebish, 1950), which assumes the existence of interdependence 
in the development of regions and not as a system regionally isolated 
from the global. Therefore, central regions depend on foreign natural 
resources to fuel their socioeconomic metabolism (Piñero et al., 2020) 
with environmental costs shifting to peripheral (poor) regions. To 
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maintain a holistic perspective, the approach of the present is not based 
on estimations of human preferences, such as in utility theory or 
methods such as “willingness to pay”, but it models inequalities through 
“losses” and “gains” under a biophysical perspective. The interactions 
among capitals are evaluated from the standpoint of the five-sector 
sustainability model (5 SEnSU; Giannetti et al., 2019), suitable to 
represent an economic system and its manifold interactions with society 
and the environment. To account for the very different nature of flows 
between sectors, the emergy synthesis method was used. This method 
considers all the different resources and energy (including natural re
sources and human work) necessary to make a specific product or ser
vice (Odum, 1996; Campbell, 2009). The uneven geographical 
distribution of energy and other natural resources suggests that ex
changes between nations and economic sectors, for example, are 
necessary and can contribute to more efficient and productive use in 
general (Jorgenson and Rice, 2012). 

Bearing in mind that international monetary relations are built on a 
hierarchy between currencies that generate Core-Periphery structural 
imbalances, thus preventing the attraction of long-term investments for 
ecological transition (Svartzman and Althouse, 2022), it is essential not 
to ignore the fact that monetary dominance between sectors, countries 
and/or regions depends on the continuous and uneven flow of resources 
from the periphery to the centers that generate environmental resources. 
This research contributes to the discussion on the mechanisms that 
reinforce inequalities (which, for this study, we can call the ecological 
poverty trap), specifically in the case of Mozambique, by demonstrating 
that the eradication of poverty can only be possible when considering 
the relationship of scarcity of biophysical resources that potentially 
surpass the single use of the HDI and economic aspects to measure in
equalities when proposing alternative ways to achieve sustainable 
development. 

The “ecological poverty trap” according to Wackernagel et al. (2021) 
is the situation in which the growing number of the population lives in 
countries with biocapacity deficits and below-average income, where 
income tends to frustrate the ability of economies to compete for 
necessary resources in the global market and eliminates the chances of 
eradicating poverty. Therefore, to sustain progress and eradicate 
poverty, countries need to meet two conditions (Global Footprint 
Network, 2021): sufficient natural resources to match their Ecological 
Footprint (enough natural resources to provide food, fiber, building 
materials, and sequestration of enough CO2, among other factors), or 
money to competitively buy what they need in the foreign market. An 
ecological poverty trap leaves households vulnerable to external dis
turbances (short-term and long-term risks) posed by climate change, 
droughts, natural disasters, threats, and other environmental risks, 
disproportionately affecting developing economies (Barbier and 
Hochard, 2019). A country tends to fall into an ecological poverty trap 
when it is characterized by low environmental quality, low life expec
tancy, and, therefore, low physical capital per capita (Dao and 
Edenhofer, 2018). 

The main principles of the theory of ecologically unequal exchanges 
apparent in the literature are: Relations of unequal exchanges of re
sources, ecological interdependencies, and unequal power in the zones 
of the world economy create and reproduce multiple forms of inequality 
in the world system (Frey et al., 2018; Dorninger et al., 2021; Jorgenson 
and Rice, 2012). The inequalities of ecologically unequal exchanges 
create an apparent contradiction of excessive consumption of resources, 
but with relatively less environmental degradation in regions where 
environmental resources are exploited, while under-consumption of 
resources in the periphery leaves most resident populations with pre
carious living and health standards, inadequate income, and degraded 
ecosystems (Frey et al., 2018; Jorgenson and Rice, 2012). 

The present research is based on the theory of unequal ecological 
exchanges that rests on the idea of world systems and human ecology 
and focuses on analytical attention in examining the appropriation, use, 
and flows of resources and the physical and monetary balances of loss 

resulting from this use of these resources, in addition to accounting in 
some way for the environmental impacts of this flow and use of 
resources. 

2. Methods 

This study uses data on the production of goods from all productive 
sectors in Mozambique, including data on foreign trade exchanges (ex
ports and imports of goods) for the year 2014; the services sector (i.e., 
health, education, and others) are not included in this study. Data were 
mainly obtained from databases of the National Statistics Office (INE) 
and Ministry of Economy and Finance (MEF) of Mozambique 
(2013–2014); when other data sources are used, their complete refer
ence is provided. The choice of 2014 as the basis is due to the data 
availability, but the same procedure can be applied when more updated 
data becomes available. 

Ecological poverty traps, or the mechanisms that reinforce in
equalities, it is understood in this work as the potential existing in
equalities among capital flows. In other words, the environment, 
economic and social capital should work in a balanced way, each one 
understanding the growth limits of another to avoid the inequalities as 
often found in those less developed countries. The present study 
empirically evaluates how Mozambique can overcome ecological 
poverty traps. For this goal, it is used the theory of ecologically unequal 
exchanges (Emmanuel, 1972; Prebish, 1950), the emergy synthesis 
(Odum, 1996), and the 5SEnSU model (Giannetti et al., 2019) to eval
uate the use, resource flows, and the physical and monetary balances in 
addition to the balance of gains and losses between sectors of the 
Mozambican economy. The study assumes that the sectors of the 
5SEnSU model proposed by Giannetti et al. (2019) are the hypothetical 
composition of sectors of the Mozambican economy. For the analysis, 
indicators such as emergy flow, forest and soil loss, energy and renew
able resources, forest area needed to absorb CO2, forest area, labor, 
wages, household consumption in monetary terms, and resources were 
considered consumed imports, and exports in monetary terms and terms 
of imported and exported resources. Based on these indicators and each 
indicator for its respective sector, the Physical Exchange Ratio Balance, 
which provides a measure of direct and relative exchange of materials 
between sectors, and the Terms of Exchange, which informs the average 
monetary value, were calculated relationships according to established 
relationships, per unit of mass flow of goods between the sectors of the 
5SEnSU Model. The same analysis has already been used in studies that 
have included indirect (incorporated), and direct trade flows in several 
countries (Infante-Amate and Krausmann, 2019; Dorninger and Horn
borg, 2015; Fischer-Kowalski et al., 2011). Therefore, the emergy re
lationships between sectors 1 and 3 were studied: use and loss of 
environmental resources, emergy relationships between sectors 3 and 4: 
work and wages, emergy relationships between sectors 3 and 5: con
sumption and spending by families and emergy imported and exported 
by sector 3 to the world. From this perspective, a useful tool for assessing 
the relationship among capitals is the 5SEnSU conceptual model of 
sustainability, as explained in the next section. 

2.1. Modeling proposal in assessing poverty traps 

Fig. 1 represents the general model of 5SenSu that shows the trade- 
offs among environmental, economic, and social capitals acting as pro
viders and/or receivers of energy, material, money, and information. 
According to Giannetti et al. (2019), the 5SEnSU is a model aligned with 
many other input-state-output sustainability models, and its design is 
based on the three Daly’s (1990) fundamental axioms, but also includes 
a fourth axiom that considers the societal interactions with the whole 
system (in d): (a) No resource should be used at a rate higher than its 
generation rate; (b) No contaminant must be produced at a higher rate 
than recyclable, neutralized or absorbed by the environment; (c) No 
non-renewable resource should be used faster than the time required to 
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replace it with a renewable resource, therefore, there must be a balance 
between the environment as a resource provider and as a recipient of 
waste and pollutants (the production of goods and services must be 
limited to the restrictions imposed by the sustainable exploitation of 
natural resources and the responsible consumption of society, which 
guarantees their sustainability); (d) For humans as social beings, their 
relationship as a supplier and recipient of labor, products and services in 
the economic sector must be fair and beneficial. 

The 5SenSu model is been used in different fields, including trans
portation sector (Agostinho et al., 2019), the assessment of water & 
wastewater treatment companies (Giannetti et al., 2022a), to assess the 
relationship between circular economy and sustainability of economies 
(Terra et al., 2022), to discuss about the importance of environmental, 
social and governance label for companies (Giannetti et al., 2022b), and 
the production of rice in different countries (Moreno Garcia et al., 2021). 
The original 5SEnSU model is slightly modified here to allow the eval
uation of mechanisms that reinforce inequalities among capitals. The 
exchanges of exported and imported goods were added to better reflect 
their relations with the sectors and explain how Mozambique’s economy 
works. The model allows access flows of resources and/or waste across 
the sectors broadly. In particular, the environment is considered a sup
plier of resources (S1) to the public and private economic sectors (S3) 
and a recipient of waste and emissions (S2) from S3. Similarly, society is 
considered a workforce provider (S4) and a service/product recipient 
(S5) to or from S3. 

Different indicators can be used to track the flows among sectors. 
Most of the indicators considered in this work derive from emergy ac
counting since this method allows to conversion of any flow of goods, 
services, energy, currency, and information into a common unit 
(expressed in solar emergy joules, sej). According to previous specific 
literature, including Giannetti et al. (2013), Morandi et al. (2015), and 
NEAD (2020), among others, this method has been widely used in the 
scientific literature, including assessment of countries and regions. 
Emergy includes the “real” effort from nature required to obtain the final 
product from diluted forms of energy (e.g., solar energy; Odum, 1996). 
Instead of using the traditional socioeconomic indicators that are usually 
based on subjective approaches in establishing value, we advocate that 
all characteristics behind the emergy method allow it to support 

discussions about the mechanisms that reinforce inequalities under a 
more holistic and objective approach. 

Initially, the 5SEnSU model allowed the choice of indicators by the 
analyst to better represent the system under study and support discus
sions on the initial established objectives. Still, the meaning and scope of 
each sector must always be respected. Specifically, for this work that 
aims to assess the mechanisms that reinforce inequalities (or poverty 
traps) in Mozambique, the chosen emergy-based values are presented in 
the next sections in detail. It is important to highlight that this study 
focuses on issues related to inequality in terms of resource use since it is 
well known that biophysical resources (an ecocentrism perspective) 
represent the real wealth sustaining the development of society, usually 
named as strong development or even strong sustainability. Thus, all 
other forms of inequality, such as those based explicitly on income and/ 
or market opportunities, are outside this study’s scope. 

2.1.1. Emergy exchanges between the environment as a provider (S1) and 
the economy (S3) 

The environment provides free-of-market resources (such as solar 
radiation, water, wood, soil, etc.) to be used by the public and private 
economic sectors. The efficient use of natural resources while conserving 
the capacity of the environment to re-generate them is a requirement for 
sustainability under a biophysical lens. There is no currency exchange 
between the environment and the economic sector, although it is well 
known that natural resources are the basis of economies’ wealth. 
Hereupon, the flows of renewable and non-renewable resources sup
porting Mozambique’s economy were considered representative of the 
emergy exchanges between S1 and S3 in the 5SEnSU model. The emergy 
of renewable resources and the emergy loss with soil and forest were 
considered indicators. While renewable flows support a more sustain
able growth, the non-renewable ones act as drains of emergy from 
Mozambique’s natural capital, reducing its ability to withdraw higher 
rates of renewable resources over years. 

2.1.2. Emergy exchanges between the environment as a receiver (S2) and 
the economy (S3) 

The principle of carbon neutrality is one of the key concepts when 
discussing sustainability. Greenhouse gas emissions should be 

Fig. 1. General model of 5SEnSU with the addition of imports and exports flows. Adapted from Giannetti et al. (2019). S = sector.  
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maintained at the same or lower levels of the absorption capacity of 
forests and other ecosystems in the country. Understanding this vital 
service made by nature, emergy values of forestland in Mozambique 
over the emergy of forest extension needed to absorb CO2 emissions 
from agriculture and industry are considered as indicators representing 
the emergy exchanges between S2 and S3 in the 5SEnSU model. 

2.1.3. Emergy exchanges between the economy (S3) with imports and 
exports of goods and services 

In this work, the word economy is considered a general label that 
embraces public and private economic sectors. International trade is 
often assessed through the so-called terms of trade, i.e., the relationship 
between export and import prices, or through the purchasing power of 
exports, i.e. the amount of imports those exports can buy, representing 
the interdependence of the goods markets (Spatafora and Irina, 2009). 
However, emergy accounting provides a broader and more holistic 
perspective of international trade by considering the environmental and 
human effort embodied in the traded goods (Campbell, 2009). In 
particular, the emergy to money ratio (EMR) indicator, defined as the 
ratio of total emergy demanded by a country over its gross domestic 
product (GDP), is an indicator of the overall amount of energy and re
sources invested in a country to return 1 USD value (Odum, 1996). To 
account for the ‘real value’ of goods (under a biophysical perspective) 
traded in international markets, emergy flows are accounted for in two 
different ways: (i) physical flows of energy and matter due to imported 
and exported goods; (ii) monetary flows due to importation and/or 
exportation goods. While the former is calculated by considering all 
goods and their transformities (a coefficient factor from the emergy 
method that reflects energy quality and global efficiency), the later 
considers the EMR to convert money into emergy flows. The monetary 
value of imported goods in Mozambique (in USD) was converted into 
emergy values using Mozambique’s EMR in 2014 (3.14 E+13 sej/USD, 
Table SM D.1. at Supplementary Material). Similarly, the emergy value 
of exports was obtained by multiplying exports’ monetary values by the 
EMR average value for the world economy (EMR of 2.67 E+12 sej/USD; 
Table SM E.3. at Supplementary Material). EMRs are different because 
while the former represents the emergy-economy performance of 
Mozambique, the later represents the purchasing power of those coun
tries that imports goods from Mozambique. 

Additionally, the assessment of international trade is made by the 
emergy exchange ratio (EER) index, expressed by the ratio between the 
emergy received and the emergy delivered in any economic transaction 
(Odum, 1996). The EER is commonly used to establish comparisons in 
trade between countries. In this relationship, the trading partner 
receiving more emergy receives the greatest real wealth, and the highest 
stimulus pushes it. When EERs approximate 1, it is a signal of more 
balanced international trade dynamics (Giannetti et al., 2013; Geng 
et al., 2017; Tian et al., 2018). Procedures for calculating EER are shown 
in Fig. 2, where flows are firstly expressed in emergy values. Then, their 
ratio is considered a measure of one side relative advantage over the 
other (Odum, 1996). 

2.1.4. Emergy exchanges between the workforce supplied by society (S4) 
and the economy (S3) 

The society represents an important resource for the public and 
private economic sectors in terms of workforce. The search for equity 
between the contribution of human labor and its reward reduces 
inequality between the productive sector and society as a supplier of the 
workforce. This exchange can be estimated by the ratio between the 
emergy value of salaries and/or wages received by Mozambique’s 
population, with the emergy delivered as human labor. 

2.1.5. Emergy exchanges between the society as a consumer (S5) and the 
economy (S3) 

The ultimate goal of a nation’s economy is - or should be - to 
maximize the well-being of its population. The society receives goods 
and services from the economic sector that are fundamental for sus
tainable human development. Once determining whether goods and 
services are fairly priced is fundamental to an equitable economy, the 
ratio between emergy values of household consumption goods by the 
emergy value of household consumption expenditures was used to assess 
the balance between society and the economy. 

3. Results 

The 5SEnSU model of Fig. 3 allows for assessing poverty traps 
through the existing trade-offs among Mozambique’s environmental, 
economic and social capitals. All flows are quantified in emergy units 
(sej/yr) to allow direct comparisons, considering the quality of resources 
from a biophysical perspective. Two emergy flows are calculated for 
each sector of the 5SEnSU model to balance the total amount of in
dicators. This is important because equality may occur when a balance 
among all three capitals is achieved, which can also support discussions 
on the country’s sustainability. Based on the numbers provided by Fig. 3, 
emergy flows are presented in pairs of sectors to allow a better 
understanding. 

3.1. Emergy exchange between sectors 1 and 3: use and loss of 
environmental resources 

The environment provided renewable resources for the economic 
sector amounting to 2.98 E+23 sej/year in 2014, while the non- 
renewable emergy lost as forest land and soil loss amounted to 7.93 
E+21 sej/year (Fig. 4). A credit of 2.90 E+23 sej/year indicates that 
Sector 3 causes forest and soil loss to occur in lower rates than the use of 
renewable sources. 

3.1.1. Emergy exchange between sectors 2 and 3: forest area and carbon 
sequestration 

The difference between the emergy of the forest area in Mozambique 
in 2014 and the emergy of the forest area required to capture CO2 from 
its economic activities amounts to 4.68 E+22 sej/yr (Fig. 5). This result 
indicates that Mozambique has an emergy carbon credit as its forests 
exceeds, by a factor of 23, the forest extension needed to capture annual 
CO2 emissions from the country’s economic activities. 

3.2. Emergy exchange between sectors 3 and 4: labor and wages 

According to the World African Development Bank (2018), house
hold consumption in Mozambique is 70% represented by non-market 
environmental goods that provide the means of subsistence for the 
local population. On the other hand, only 30% of household consump
tion is represented by goods and services from the public and private 
economic sector sectors (see Table SMC at Supplementary Material for 
further details on the calculation methods). Fig. 6 shows that wages 
provide households with purchasing power higher than the energy, 
goods, and services consumed by society. The difference between 
emergy in wages and labor in Mozambique in 2014 returns a positive 

Fig. 2. Emergy flows in a purchase process. Source: Adapted from Odum 
(1996). Legend: Emergy exchange ratio (EER) index; Emergy per money ratio 
(EMR) of the purchaser. 
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value of 1.60 E+22 sej, indicating a 1.52 times benefit for people 
receiving wages. However, it is important to emphasize that working 
conditions and quality of work are disregarded from this analysis. 

It can also be observed a difference in the ratio of emergy in wages 
and labor when separating formal and informal economy. In particular, 
while social benefit from work seems very high for the formal sector 
with a ratio of emergy in wages to labor equal to 15.64, for the informal 
sector, it appears that society does not receive benefits because it loses 
0.32 benefits (purchasing power), with a wage to labor ratio of 0.68. 

3.3. Emergy exchange between sectors 3 and 5: household consumption 
and expenditures 

Considering that goods and services represent 16% of household 
consumption from the public and private economic sectors, we have 
considered the emergy of 16% of household savings and household ex
penditures; 16% of the total emergy demanded (446 E+21 sej/yr) 
resulted in emergy from the economy of 71.4 E+21 sej/yr. The ratio 
(0.22) indicates a loss of purchasing power favoring the economic 
sector. The results are in line with that advocated by the World African 
Development Bank (2018), according to which families in Mozambique 
not only depend on goods received from the economy but also depend on 
more than 70% of free resources for their survival, resulting in a nega
tive value of − 2.52 E+23 sej/year in this trade (Fig. 7). 

3.4. Emergy imported and exported by sector 3 

International trade is an important factor in promoting development 
between nations. A country’s trade balance measures the cash surplus or 
deficit of a country. Still, it does not represent the real effort to produce 
resources or generate money for a national economy. The higher the 
EMR of a country, the more competitive it will be in attracting in
vestments as foreign direct investment since a dollar spent in that 

Fig. 3. The five sectors sustainability model (5SEnSU) applied to Mozambique, 2014. S = sector.  

Fig. 4. Renewable emergy supporting 2014 Mozambique’s economic devel
opment and the emergy drained due to forest and soil loss. Emergy flows in 
E+21 sej/yr. Calculation details are in Table SM A at Supplementary Material. 

Fig. 5. Forest areas absorbing the CO2 released by Mozambique’s economic 
sector, 2014. Emergy flows in E+21 sej/yr. Calculation details are in Table SM 
B at Supplementary Material. 

Fig. 6. Emergy of labor and its counterpart in wages for Mozambique, 2014. 
Emergy flows in E+21 sej/yr. Calculation details in SMC. 
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country can purchase a larger amount of environmental resources than 
in countries with lower EMR (in general, developed countries; Seveg
nani et al., 2017). The EMR of Mozambique in 2014 was 3.90 E+13 
sej/USD, higher than the world economy EMR of 2.67 E+12 sej/USD, 
indicating that the national economy of Mozambique requires much 
effort, in terms of energy, resource, and services, to generate a dollar as 
compared to its trade partners in international markets. 

In 2014, Mozambique paid a total of 1.27 E+10 USD for imports, 
corresponding to an emergy value of 3.99 E+23 sej, considering the 
national EMR for the same year. This emergy value is, however, smaller 
than the emergy value embodied in imported goods (6.99 E+22 sej), 
indicating an unfavorable (or unequal) trade in the import market 
(Fig. 8). In other words, Mozambique received goods and services pro
duced with lesser effort than the money counterpart paid for it. In 2014, 
Mozambique received payments corresponding to 1.28 E+22 sej, 
calculated using the world economy EMR of 2.67 E+12 sej/USD. Still, at 
the same time, the emergy value of the goods exported amounted to 
59.9 E+22 sej. 

The emergy value of the monetary counterpart to imports and ex
ports and the emergy value of imported and exported products can be 
used to calculate a series of emergy exchange ratios that provide a 
measure of the real effort in producing and exchanging goods (Table 1). 
Assessing this real effort is important to guide policies to reduce in
equalities generated through international trades. In general, 
Mozambique delivers 5.7 times more emergy during import transactions 
and 46 more emergy during export transactions, highlighting the exis
tence of an unbalanced trade in emergy units. 

4. Discussions 

Fig. 3 shows the current result of emergy flows and highlights the 
inequalities between the three selected capitals, which may lead to 
negative consequences for the development of Mozambique. In
equalities can result from the lack of opportunities for society’s devel
opment (WESS, 2013), economic instability, investment reduction 
and/or the implementation of distorted policies that produce a con
centration of power in a small portion of the population (World Bank, 
2018). Although there is a record of improvement in the average in
dicators of family wealth in Mozambique, the country has been 

registering an increase in inequalities between 1997 and 2017, with 
evidence indicating that the southern provinces are experiencing equi
table development (Santos et al., 2021). The Mozambican society re
ceives net benefits (from 23 to 38 times higher than the emergy costs) 
that are not generated by the economic sector but are the outcomes of 
agricultural and artisanal mining activities, which, together with 
extraction activities, are destined for the economic sector. 

Although the loss of forest and soil occurs at lower rates than the use 
of renewable resources, this favorable balance of 38/1 should be care
fully considered since Mozambique is a developing country and, as such, 
experiences increasing growth with larger pressure on natural resource 
stocks (UNDP-UNEP PEI., 2015). The expansion of land for mineral 
extraction and agricultural activities has an increasing trend for the 
coming years that may result in a considerable loss of forests, wetlands, 
and other natural habitats. As this loss is mainly characterized by 
burning natural vegetation, this land tends to exhibit low productivity 
for intensive agriculture (MITADER, 2018). According with the same 
report, alternatively and its effort on the part of farmers or government 
bodies is still incipient to highlight the development of research at the 
country level. Also, improve agricultural productivity and exploitation 
of biodiversity or natural resources in all aspects of the particular field of 
environmental sciences. As the natural capital represents the real wealth 
of a nation, economic, political, and scientific efforts in reinforcing the 
productivity and maintenance of the natural capital of Mozambique are 
of paramount importance. 

Mozambique emits 0.1 tons of CO2 per capita per year, less than the 
average emissions per capita in low-income countries (~0.3 tons; ADB, 
2018), but it is important to emphasize that Mozambique’s carbon 
credits have been steadily decreasing since 1960 (Global Footprint 
Network, 2022). Many emissions in Mozambique comes from forest 
burning for agricultural practices. This indicates that the expansion of 
productive sectors is accompanied by a reduction of forest areas, with a 
consequent increase in emissions and a decrease of absorption capacity. 
Strategies for converting these activities into market-value activities for 
vulnerable populations and introducing public policies to promote 
development through activities connecting rural areas and urban centers 
would bring considerable benefits in terms of employment. In this re
gard, Mozambique developed a series of strategies for National Climate 
Change Adaptation and Mitigation for 2013 to 2025, affecting the 
forestry sector and developing low-carbon agricultural practices, as well 

Fig. 7. Emergy flows of household consumption and expenditures for goods 
and services in Mozambique (2014). Emergy flows in E+21 sej/yr. Calculation 
details are in Tables SM D at Supplementary Material. 

Fig. 8. Emergy of 2014 Mozambique’s imports and their monetary counterpart. Emergy flows in E+21 sej/yr. Calculation details are in Tables SM E at Supple
mentary Material. 

Table 1 
Different emergy exchange ratios (EER) for Mozambique’s international trades, 
2014.  

Description EER 

Emergy in monetary counterpart to imports/Emergy in imported goods and 
services 

5.7 

Emergy in exported goods and services/Emergy in monetary counterpart to 
exports 

46.1 

Emergy in monetary counterpart to imports/Emergy in monetary counterpart 
to exports 

30.7 

Emergy in exported goods and services/Emergy in imported goods and 
services 

8.6  
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as plans for reducing deforestation and forest fires. 
The current research results show a potential for growth and balance 

of natural capital with economic capital (S3). The trade-offs between 
Sector 3 and Sectors 1 and 2 show two sides of the same problem and 
make clear the need for efforts to encourage agricultural extension and 
research activities to develop specific knowledge to improve produc
tivity and sustainable exploitation of natural and agricultural areas. The 
depletion of natural capital resulting from exploiting the same capital 
has been a common strategy of developing countries to promote eco
nomic growth, which poses a challenge to the exploration and efficient 
management of these resources. Losses of well-being due to environ
mental damage must be minimized and the income obtained from 
resource extraction after the internalization of externalities (Barbier, 
2005, 2012) must be evaluated and compared in terms of real wealth 
(Odum, 1996). The investment in productive economic assets using the 
income resulting from natural capital depletion should be evaluated 
through the emergy approach that can measure the balance between 
sectors and estimate a resource use limit to generate economic wealth 
(Campbell, 2009). 

For society as a provider of resources, it was observed that a social 
benefit comes from the formal sector (15.6 sej/sej). In comparison, there 
are no benefits for society (0.68 sej/sej) when labor comes from the 
informal sector. These results highlight a high level of inequality be
tween formal and informal workers, which turns out particularly strik
ing considering that the informal sector includes about 95% of the total 
labor force in Mozambique, according to the Danish Trade Union 
Development Agency (Ulandssekretariatet, 2014) and Balchin et al. 
(2017). 

The difference between formal and informal wages to labor emergy 
ratios also indicates that households within the informal economy 
mostly depend on non-market environmental goods for subsistence 
(Campbell, 2009; Odum, 1996; World Bank, 2018). Households are 
depleting their savings, in emergy terms, since the purchasing power of 
the money used to buy goods is greater than the benefit families receive 
from consuming those goods. 

In international trade, the results indicate that Mozambique is caught 
in a trap that forces it to export environmental products at low prices to 
pay for food imports at high values (5.7 times emergy in imports and 46 
times in exports). The EERs obtained for Mozambique in 2014 are 
partially explained by the fact that the country mainly exports low-cost 
raw materials with high environmental load and imports highly pro
cessed and priced goods. This trade dynamics, in emergy terms, is 
observed for other rich-in-natural-resources countries, for example, 
Brazil (Giannetti et al., 2013), and seems to reflect the raison d’être of 
global markets. The difference between exports and imports in monetary 
terms indicates that Mozambique pays more money for imports than it 
receives for exports. In emergy terms, the difference between imports 
and exports suggests that the national economy’s effort to pay for im
ported goods, by the national economy for paying to pay for imported 
goods, is much higher than that of the global economy to pay for 
exported goods from Mozambique. 

Furthermore, the difference between the emergy value of imported 
and exported goods in Mozambique (− 5.29 E+23 sej/year), without 
considering money flows, indicates that Mozambique exports more re
sources (directly and indirectly used for producing goods) than it im
ports. Therefore, Mozambique must establish policies to maintain its 
resource base obtain benefits in international trade, or at least stay in 
balance. However, the balance between partners should consider all 
aspects of their relationship, including factors that are difficult to assess, 
such as the exchange of technical and cultural information and the 
provision of security. What is fair in trade is also determined by the 
reserves and resource needs of the various states or regions and by the 
needs of the Nation to which they belong (Campbell, 2009). 

4.1. Limitations of this study 

Limitations of this study refer to the operationalization of the theory, 
method, data as well as the period of analysis. The ecologically unequal 
exchange theory hypothesis for this study was not tested for a time se
ries, which opens space for future work in which the impacts of in
equalities over time can be explored. 

The 5SEnSU model was used to study the overcoming ecological 
poverty traps through ecologically unequal exchange relations and 
emergy synthesis. Therefore, although we have found interesting and 
useful results for public policy decision-making in favor of sustainable 
development in Mozambique, it does not imply that additional evalua
tion methods cannot be added to complement those of the 5SEnSU 
model. The 5SEnSU model simplifies and approximates the reality of key 
sectors of an economy aligned with the sustainability pillars proposed by 
the United Nations. The model can be considered appropriate for diag
nostic purposes and hypotheses testing of a country’s sectorial sustain
able development policies. 

The challenge posed by this work was to use emergy to facilitate 
comparisons, transforming monetary values of flows in terms of real 
wealth for comparison with emergy values. The availability of accurate 
wages and working-hours data was a challenge for this work. Expanding 
this study in a time series, including other countries of the SADC region 
would certainly provide even more robust results for more specific 
policies in these countries. 

5. Conclusions 

The quantification of the (im)balances across socio-economic sectors 
and the environment provided a broader perspective of the inequalities 
within Mozambique and on its international trade. The five-sector sus
tainability model showed that the environment directly supports a large 
section of the Mozambican population and that the country has potential 
for growth according to the natural environment 38 sej/sej surplus, 
which should be used to guarantee sustainable and equitable growth. 
Mozambique also has the potential (23:1 in emergy units) to maintain 
carbon neutrality and preserve forests and soil resources while going 
through development and economic growth. In this context, cleaner and 
well-being-centered development policies should guide the country to
wards equality in international markets and rescue households from 
informal jobs promoting formal employment and business models to 
improve the population purchasing power and reduce vulnerability, 
while reducing environmental impacts from deforestation and resource 
extraction. 

Quantifying inequalities among economic, social, and environmental 
capitals allowed us to recognize that Mozambique, as several developing 
countries, is a resource-rich country with a weak economic system. 
Traps were identified in the interactions of the economic system with the 
environment and the society through the imbalances between sectors. If 
the imbalances are maintained, the country will remain in a poverty 
trap, overexploiting its natural resources without developing the eco
nomic system and promoting the well-being for the people. In the short 
and medium term, it is unlikely that Mozambique will escape from the 
traps it is caged or achieve a performance similar to that of its com
mercial partners. Achieving equality between countries may not be a 
feasible goal, as imports/exports flows do not depend only on one 
country choices – such as selecting international partners with similar 
Emergy Money Ratio to avoid losses in emergy - but on the complex 
structure of the international market. However, the country should 
strengthen key internal sectors of the economy and explore the current 
capacities seeking a favorable balance between the three dimensions of 
sustainability internally to meet the needs of its population. Fighting 
poverty and effectively implementing the SDGs will be difficult without 
balancing the capacity of the economic system with the country’s 
environmental/social capacities. 

Severe poverty reduction requires a systematic and comprehensive 

B.F. Giannetti et al.                                                                                                                                                                                                                             



Journal of Cleaner Production 383 (2023) 135266

9

analysis of regional inequalities and the distorted distribution of valu
able and scarce resources within and between nations. The five-sector 
sustainability model and emergy accounting provide a scientific basis 
to inform and monitor policy-making to promote environmental quality, 
societal well-being, and economic health. 
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