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A B S T R A C T   

Decarbonisation is essential to limiting the electricity sector’s contributions to CO2 emissions. Simultaneously, 
there is recognition of the need to increase electricity access in many parts of sub-Saharan Africa, such as in 
Malawi, with renewable energies suggested as capable of meeting these needs. However, the drive for low carbon 
electrification, especially in settings where biomass use for cooking is widespread, may act as a driver of new and 
intersecting injustices. The energy justice framework is well posited to recognise injustices which emerge across 
energy supply chains, though existing analysis has typically focused on single energy systems. In order to capture 
injustices emerging in settings of dual biomass use and hydroelectricity generation, it is necessary to consider 
how energy systems impact on both human health (e.g. air pollution from biomass burning) and the functionality 
of ecosystems (through deforestation and resulting siltation of rivers). Thus, we argue for an Ecohealth approach 
to energy justice research, drawing on evidence from Malawi’s transition towards electrification.   

1. Introduction 

There is widespread recognition that electricity access is essential to 
the attainment of human rights, most visibly in the United Nations 
Sustainable Development Goal 7 [1]. It is a prerequisite for improved 
educational and health outcomes, and gender equality, as well as being 
an essential dimension in achieving sustained economic development 
[2,3]. Electrification rates remain low in many regions of the world, 
especially within the Global South [1], though increasing electrification 
is crucial to addressing endemic poverty in sub-Saharan Africa. Simul-
taneously, there is increasing global recognition of the need to tackle 
climate change through the decarbonisation of the electricity sector [4]. 
However, there is also an acknowledgment that the changes required to 
decarbonise should not come at the expense of slowing down electrifi-
cation in low-income nations [5–7]. 

That so much of the global population remains without access to 
electricity is a stark reminder of the inequality and injustice of circum-
stances even in this interconnected world. The burden of responsibility 
for decarbonisation must reside with high consuming kWh nations who 

have caused both intra- and inter-generational injustices through 
emission of CO2 to the atmosphere in consumptive, fossil fuel powered 
landscapes [8,9]. The impacts of climate change will affect most acutely 
those countries who have consumed the least electricity [10]. Many of 
the highest consuming kWh per capita nations have among the lowest % 
of renewable energy generation as a share of total electricity generation 
(e.g. the US). In contrast, countries such as Malawi have a high % of 
renewable energy as a share of their electricity generation (91.37%) but 
low kWh consumption per capita [11,12]. At a global scale, there needs 
to be a recognition of these inequalities of consumption and generation 
[13]. 

The Human Development Index (HDI), a multidimensional measure 
of poverty, is low for Malawi, at 0.477 in 2017, with the nation ranking 
171st globally [14]. Moreover, according to the World Bank, only 12.7% 
of Malawians had access to electricity in 2017 ranking Malawi as one of 
the world’s energy poorest countries [15]. The 2018 Malawi National 
Energy Policy, however, has outlined ambitions for 30% electrification 
by 2030 with a recognition of the need to reduce reliance on biomass 
and increase generation through renewable energies [16]. With 
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population growth continuously superseding electrification rate, at-
tempts to meet this electrification target will be challenging [17–19]. It 
is imperative, however, that the population of Malawi gain access to 
safe, reliable, affordable and secure energy. This has triggered discus-
sions, within and between national actors and international actors, on 
how best to increase electrification rate [16,19–21]. 

These discussions need to consider how, in contexts of low electricity 
access such as Malawi, the transition from biomass to electrification can 
be a driver and source of injustice. Analysis of the injustices which 
emerge from energy systems have often been siloed, focusing on single 
systems (for example hydroelectricity or biomass). This has obscured 
key concerns which emerge where multiple systems of energy genera-
tion exist simultaneously in the same spaces, such as in Malawi, and 
where these systems have differentiated impacts within affected com-
munities. Deforestation for biomass, and resulting downstream siltation 
of rivers, impacts not only energy generation systems but also biodi-
versity. Ensuring a just transition away from biomass to electricity use 
requires not only an exploration of the intersections of energy systems, 
but also a deeper understanding of how energy use is linked to both 
human health and ecosystem functionality [5,22]. 

2. Energy, justice and Ecohealth 

Traditionally energy literature has tended towards an engineering, 
economic and technical approach in analysis of energy systems, with 
limited acknowledgement of energy systems as sources of potential 
injustice [23–27]. Energy justice, drawing on the environmental and 
climate justice movements, is an approach to research which seeks to 
identify, locate and recognise energy injustices across the energy supply 
chain. This includes the processes of extraction, production, storage and 
consumption [28,29]. As with environmental justice, energy justice 
aims to recognise and include the most vulnerable and dispossessed in 
society in energy policy decisions, to locate ‘where injustices emerge, 
which affected sections of society are ignored, which processes exist for 
their remediation’ [25] in a vision for a just society. 

The Energy Justice Framework is organised along three tenets of 
justice: recognition, distribution and procedural [24,25]. Recognition 
justice seeks to ensure political representation and recognition of all 
stakeholders involved and impacted in energy systems, across the supply 
chain. Distributional justice is concerned with the spatiality of energy 
inequalities, and of the allocation of responsibilities in often globalised 
supply chains. Finally, procedural justice is concerned with ensuring 
comprehensive procedures and consultations which engage and include 
all stakeholders fairly (and which create mechanisms which enable this) 
in energy systems. McCauley and others call on energy justice to be 
applied to ensure fair distribution of the benefits and risks emerging in 
energy systems, in line with motivations in the environmental justice 
movement [6,30]. 

Energy justice literature has historically focused on energy injustices 
which emerge in the U.K., Europe, the USA, Australia and more recently 
in China [31]. Increasing focus is being applied to countries outside the 
global north, for example in Nepal [32,33], South Africa [7,34], Mexico 
[35–38], Mozambique [39], the Democratic Republic of Congo (DRC) 
[40], Ghana [41,42], Sierra Leone [43] and India [44–46]. However, 
these case studies still represent a minority of energy justice scholarship 
[47]. Fewer still explore energy injustices in mini- grid systems of 
electricity generation, with research that examines renewable energy 
use discussed with respect to the analysis of large scale and grid- con-
nected systems. [39] map divergences between on-grid and off-grid 
systems, highlighting key differences with respect to distribution of 
benefits (exported vs local), scale of impacts from construction on local 
landscapes, recognition of affected stakeholders, and the impacts of 
different energy system mixes. Furthermore, several authors including 
[7,34,42,48–51] have highlighted tensions relating to low generation 
capacity, end-user expectations for off-grid systems, and diverse notions 
of energy sufficiency as key emerging injustices associated with the use 

of off-grid systems. In this paper we define a mini grid as a linked system 
of electricity generation (of up to 10 MW) and distribution serving a 
limited set of customers [52]. 

Biomass use for lighting and cooking has been conceptualised as an 
energy injustice, with indoor air pollution and lack of electrification 
both connected to use [32,33,43,53]. Globally, three billion people cook 
using kerosene, biomass and coal, with almost four million people dying 
annually from diseases caused by household air pollution [54]. Women 
and children are most impacted by these, including pneumonia, stroke, 
and chronic obstructive pulmonary disease, with high exposure through 
responsibilities for cooking and heating [53]. However, while health 
impacts from pollution have been explored in academic literature, and 
are noted to disproportionately affect women [43,55], energy justice 
literature on biomass (and other systems) has not explicitly linked this 
human health dimension with ecosystem health. 

Instead, literature on energy justice has sought to understand health 
through the direct impacts of energy systems on human health, e.g. 
linking radiation and cancer to nuclear energy or air pollution and 
associated health impacts to fossil fuels [56,57]. Given the utility of 
energy to wellbeing, it needs to be considered through a justice lens to 
promote universal, safe, affordable and secure energy access [58]. Ex-
periences of ill health are associated with fuel poverty; [23],[59] and 
[60], drawing on the work of [61] who conceptualised energy injustices 
with respect to wellbeing, have noted how lack of access to adequate 
lighting and heating contributes negatively to both mental (e.g. 
depression, anxiety and stress [62]) and physical wellbeing (e.g. respi-
ratory illness). 

This, arguably, has been at the expense of theorising on the wider 
links between energy and health . . Literature has individually recog-
nised human health and environmental degradation which emerge 
throughout the energy supply chain e.g. [63–65]. Research recognises 
the complexities of locating injustice across energy systems (e.g. 
[55,66]) though has typically focused analysis on injustices which 
emerge from single energy systems [66,67]. Increasingly, there have 
been calls to integrate non-human actors into energy justice frameworks 
(see [58,68,69]), and scope remains to connect further ecosystem 
functionality with human health in energy justice. 

Human health, defined as both physical and mental wellbeing, is 
affected by energy generation and use. Ecosystem health, defined as 
ecosystem functionality and capacity to provide for human needs, is 
impacted by, and impacts on, energy systems. A just transition demands 
the full inclusion and recognition of adverse impacts of energy systems, 
where compromises to health are symptomatic of recognition, distri-
butional and procedural injustices. 

Healthy ecosystems provide ecosystem services which are vital to 
human physical and mental health [70–74]. One way they do so is by 
forming an integral part of the energy value chain; ecosystems provide 
raw materials, such as firewood, that can be used as energy sources [75]. 
Hence, identifying and measuring drivers that impact ecosystem health 
is crucial to guaranteeing human well-being. Quantitative assessments 
based on the collection and monitoring of ecosystem data can help 
identify specific drivers and pressures an ecosystem is exposed to. For 
example, the analysis of satellite images can demonstrate land use 
changes such as forest clearing to create farmland. It is able to show both 
synergies and trade-offs of different ecosystem use strategies and help 
make informed resource management decisions [76,77]. On the other 
hand, qualitative methods such as interviews are essential for ‘identifi-
cation of relevant services, identifying which groups of stakeholders 
benefit from particular services’ sharing conceptual resonance with 
recognition justice [75]. Discussions on the distributions of risks and 
benefits of energy systems, to human health through changes to eco-
systems, are ongoing already in environmental health spheres: ‘ A dam 
project, for example, may provide a source of clean energy or increased 
agricultural productivity for some while increasing the risk of malaria 
and schistosomiasis for others.’[78]. Furthermore, the value of quali-
tative research is already recognised as ‘bringing together stakeholders 
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to think about Ecosystem Service values and implications of manage-
ment decisions’, with lessons for integrating environmental and human 
health into discussions of procedural justice [73]. 

Building on this, the Ecohealth framework conceptualises human 
health and ecosystem health as intrinsically linked and interconnected 
[22,79]. Whilst its applications in research are broad and not singularly 
concerned with energy systems, a significant body of Ecohealth litera-
ture has explored the threats which emerge through the use of biomass 
[80–83]. Research has identified respiratory health risks through the 
burning of biomass [81,84] and its unequal impact on women and 
children [82]. The social and ecological benefits of clean cooking have 
also been explored; work has understood biomass use as a health threat 
and a source of indoor air pollution, and where ‘understanding the social 
and ecological determinants of cooking behaviours is key for developing 
products and programs that meet people’s diverse cooking needs’ [80]. 

Alongside biomass energy use, Ecohealth research has examined the 
efficacy of clean cookstove uptake. In Rwanda the ability to afford 
cookstoves was linked to income, with numerous health benefits asso-
ciated with adoption [85]. The health implications of different types of 
biomass have also been explored, with research identifying that burning 
with charcoal led to fewer cardiopulmonary symptoms than with fuel-
wood and crop residues [86,87]. [88] have also found lower incidences 
of respiratory diseases with the use of cookstoves, also identifying the 
environmental benefits through reduced air pollution. [89–91] have all 
examined Liquified Petroleum Gas (LPG) stove uptake and indoor air 
pollution in Ghana. They find uptake positively correlated to households 
which are higher income, with higher educational attainment, and 
where the head of the household is female. [92] examined factors which 
contributed to the uptake of LPG in Cameroon, again linking uptake to 

educational attainment, income, and access to sanitation. In settings 
where biomass has to be purchased, LPG use is more extensive [93]. 
Ecohealth literature confirmed that the use of clean LPG cookstoves 
improves disability adjusted life expectancy, though cost and avail-
ability still constrain their use in many low-income settings [84]. Ben-
efits to ecosystem health also emerge through reduced deforestation and 
reductions to greenhouse gas emissions [80,94]. 

We therefore propose a combined approach to energy research which 
conceptualises human health and ecosystem health as interconnected 
and as both impacted throughout the energy supply chain. This would be 
justice centred, drawing on the Energy Justice framework principles of 
distributional, procedural and recognition justice, to guide analysis of 
energy systems. This approach could capture injustices which are 
ignored where analysis focuses on single energy systems. Fig. 1 below 
outlines below this new conceptual framework. 

3. Methods 

Given the urgent need to understand the connections between energy 
systems and both human and ecosystem health in Malawi, a research 
approach consisting of qualitative interviews was used to capture the 
insights and experiences of stakeholders involved in energy planning, 
generation, and use in Malawi. Questions probed the impacts of reliance 
on biomass for energy on both human health and ecosystem function-
ality in Malawi. Primary data was collected during two research visits to 
Malawi in March and June 2019, and remotely from the UK in July 
2019. 

Fig. 1. Authors Own. Based on concepts from [5,22,25].  
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3.1. Case selection and background 

This analysis focuses on Malawi, which faces multiple electricity 
generation challenges as it seeks to move away from biomass de-
pendency. Existing infrastructure is inefficient and weak [19,95], 
existing capacity is unable to meet demand, and the national grid is 
lacking in the majority of the rural regions of the country. The govern-
ment owned utility, Electricity Supply Corporation of Malawi (ESCOM), 
has historically been in charge of electricity generation, supply and 
distribution in Malawi, guided under the National Electrification Policy 
(2003) [96]. A recent unbundling of the utility in 2017, into ESCOM 
(responsible for transmission and consumption) and the generating 
company Electricity Generation Supply Limited (EGENCO), was inten-
ded to open up the single payer electricity market to independent power 
producers (IPPs). Since 2017 three solar photovoltaic IPPs have signed 
with ESCOM, though these are yet to be commissioned [97]. This leaves 
a majority of generation with EGENCO, which has a capacity of 372.64 
MW, ‘350.94 MW from [medium to large scale] hydropower plants and 
21.7 MW from standby diesel power plants’ [98]. 

This over-reliance on hydroelectricity results in a generation deficit 
in the country [19]. With most hydropower schemes being located on 
the Shire River in the southern region of Malawi, there is additional 
vulnerability especially where droughts have reduced water levels in 
Lake Malawi, leading to long periods of load shedding (12–16 h). Load 
shedding is defined here as the rationing of power to ensure equitable 
distribution of power to all customers. Current electrification infra-
structure is insufficient to meet growing supply. ESCOM supplies pri-
marily urban consumers with higher electricity demand and capacity to 
pay than rural consumers, and rural electrification is the responsibility 
of the government under the Malawi Rural Electrification Programme 
(MAREP) [19]. Furthermore, the Government of Malawi Rural Electri-
fication Fund has yet to be utilised for the development of off-grid 
technologies, though the 2018 National Energy Policy has highlighted 
an increasing role of these technologies in rural electrification [16]. Off- 
grid projects remain donor-driven and externally funded, with tariffs 
often heavily subsidised [99]. 

3.2. Research design and implementation of field work 

The research sought to understand how energy generation and use in 
Malawi impacts on human health and ecosystem health. This is to better 
understand energy injustices in a Malawian context. Energy Justice and 
Ecohealth approaches, though coming from different academic and 
practical traditions, link together in striving for a just future which 
meets the needs of all [100,101]. These approaches are both normative 
in their outlook, driven by a concern for the who, where and how of 
injustice [5,25,102]. Crucial to this research, they seek to understand 
how energy use acts as a determinant of both human health and 
ecosystem health [22]. 

In total, 33 interviews were conducted with stakeholders involved in 
energy policy, planning and generation in Malawi, and with those uti-
lising energy from a mini- grid in a rural community in the country. 
Interviews with 25 stakeholders from government, non-governmental 
organisations (NGOs) and the private sector were carried out in 
various locations throughout Malawi (Lilongwe, Blantyre and Mulanje) 
and remotely from the UK. They were recruited through purposive non- 
random sampling, with initial interviewees recommending other con-
tacts. A full list of organisations interviewed is listed in Appendix A. 
Some organisations are anonymised at the request of those interviewed. 
A further 8 face to face interviews were carried out in rural Malawi with 
local energy users of a hydroelectricity mini-grid system. These partic-
ipants were recruited through a gatekeeper organisation familiar with 
the village community visited (which is anonymised to protect the 
identities of those interviewed). The choice of site for these interviews 
reflects the need to understand energy provision in a rural context where 
there is both electricity and biomass use. 

The insights of both stakeholders and energy user groups are valu-
able in understanding the different threats to human health and 
ecosystem functionality emerging in Malawi and how they are experi-
enced. Dual systems of electricity consumption from hydroelectricity 
and consumption of biomass need to be understood as existing together 
in Malawi. A set of key themes were developed for questioning in semi- 
structured interviews. Open ended questions were sculpted according to 
interviewee, probing 1) who is impacted by lack of access to electricity, 
and where, 2) how energy (electricity and biomass) was used by 
different groups, 3) the barriers to electricity access in Malawi, 4) the 
benefits and risks associated with the promotion, construction and use of 
electricity from hydropower on human health and ecosystems, 5) the 
benefits and risks of continued biomass use on human health and eco-
systems, and 6) the risks emerging in settings of both biomass use and 
hydroelectricity use. 

Interviews with government, NGOs and the private sector were 
randomised and numbered between #1- #25 in data presentation. In-
sights from energy users of a rural mini-grid are numbered between 
#26- #33. See appendix B for further details. Analysis was manual, 
ongoing and iterative, taking place during fieldwork in Malawi and in 
the UK. Insights from interviews were coded abductively [103,104] and 
grouped into themes which drew on the principles of the Ecohealth 
movement and the tenets of Energy Justice Framework [25,40,67]. 
These principles understand energy systems as determinants of both 
human health and ecosystem health [101]. Abductive coding ap-
proaches which recognise ‘the benefits of allowing theories to arise out 
of data’ [105], whilst also seeking to understand insights as they relate 
to broader conceptual frameworks, is valuable ‘to explore the relation-
ship between “everyday language and concepts”’[106]. This approach is 
useful in research which seeks to understand experiences of energy 
generation and use (e.g. [107]) given the essentiality of remaining 
cognisant to insights as they emerge in interviews and subsequent data 
analysis. 

A full risk assessment and ethical approval was completed at the 
University of St Andrews. Ethical approval was also sought from the 
Malawian National Committee for Research in Social Sciences and Hu-
manities. Information and consent sheets were prepared in English and 
Chichewa (the national language of Malawi). Research aims were 
explained with consent sought prior to all interviews. Participants were 
given the opportunity to ask questions and to withdraw from interviews 
at any point without explanation. Interviews with rural energy users 
were conducted through a translator local to the village visited. Data 
was stored in a fully identifiable format on a computer though anony-
mised in data presentation to protect the identities of those interviewed. 

3.3. Reflections on methodology and limitations 

There is an imbalance in the number of interviews conducted be-
tween ‘elite’ stakeholders vs those with end-users of off-grid hydro-
electricity. Interviews with this stakeholder group took place over 2 days 
in March and June 2019, on site in rural Malawi, with the aid of both a 
gatekeeper organisation and translator. [109] and [110] both discuss in 
depth the ethics of doing fieldwork research with translators; these 
include challenges in capturing meaning through layers of language and 
lack of contextual familiarity, necessary considerations associated with 
accessing sites and approaching interviewees, and critically issues of 
positionality which permeate all research conducted outside of the re-
searcher’s lived experiences. As a limitation of this study, we acknowl-
edge this imbalance has implications for the arguments presented 
(potentially biased towards the insights of ‘elite’ stakeholders) with 
future work needed to understand better how the connections between 
energy generation and use, ecosystem functionality and human health 
are experienced locally. 

The arguments outlined below represent the interpretation of an 
interpretation of the socially constructed reality of those interviewed, 
and thus this research cannot present a set of ‘objective’ truths as desired 
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in the positivist tradition [108]. Whilst recognising that all knowledge is 
contextually generated, we posit that findings in this research offer 
applicability to other settings where biomass use coexists with unequal 
access to electricity in low-income settings. Whilst our research draws 
on in-depth and semi- structured interviews, we echo [108] in calling for 
the use of innovative, qualitative and quantitative methods in this 
emerging field of research, to capture injustices as they emerge at the 
nexus of human and ecosystem health. 

4. Results 

Our interviews and analysis revealed several ways in which energy 
generation and its use determined health outcomes. These can be 
broadly categorised into insights linked to electricity use as a driver of 
health (Section 4.1), biomass use as a determinant of human health and 
ecosystem health (Section 4.2), and connections between systems of 
biomass and electricity (Section 4.3). The impacts of these were 
disproportionately situated with specific members of the population, as 
explored in Section 4.4. Interviews also revealed several key factors 
which entrenched the use of biomass and limited access to electricity 
thus exacerbating inequalities, set out in Section 4.5. 

4.1. Electricity access as a driver of human health outcomes 

Electricity access contributed to improved health outcomes through 
enabling the functioning of hospitals and clinics (#19, #24, #25), with 
findings revealing that a lack of access to reliable electricity negatively 
affected health, in some cases directly contributing to death (#8). 
Electrification of clinics, especially in rural areas, provided local access 
to healthcare, allowed for increasing numbers of patients to be seen, 
vaccines to be stored, and surgical interventions to be performed (#24). 
Interviewees described how those in other areas without electricity ac-
cess ‘have to walk miles (to reach a clinic)’ (#25), so that healthcare was 
only available to those with the means to pay for travel. 

Hospital facilities and services are dependent on electricity. A lack of 
reliable grid electricity in Malawi means some hospitals rely on self- 
generated electricity (e.g. from solar photovoltaic panels) during 
blackouts (#3, #6, #8, #17). Poor installation and quality of some solar 
products (e.g. solar roofs) (#4, #6, #8, #11) compromises health where 
these products do not provide electricity when it is expected and most 
required; interviewee 8 recounted instances of infants in neonatal care 
dying during blackouts due to failure of back-up solar solutions to pro-
vide electricity. Alongside directly shaping health, reliable electricity 
was described as having additional health benefits through enticing 
talented labour; ‘electricity attracts doctors’ (#24) with electricity from 
a mini- grid being less prone to blackouts than in other regions of Malawi 
(#19). 

Electricity access contributed to wellbeing by enabling connections 
to others, particularly through mobile phone use: ‘you see Airtel 
everywhere here… everyone has a phone’ (#25). Electrification through 
the mini- grid also enabled the use of radios and televisions (TVs) as 
sources of entertainment, in homes (#32, #33) and in businesses (#27, 
#28, #29). Their increasing popularity meant there was need (and op-
portunity for income generation) for a local electrician (#29). Other 
local business owners described how TVs and radios were a “pull” for 
customers to bars (#27) and to barber shops (#28). Electrification, even 
when low level, was noted as enabling income generation (#27, #28, 
#29, #30, #31, #32); interviewee #27 described how he was able to 
attract musical acts from outside of his village to play in the local bar, 
fulfilling customer demands. It also allowed for extended trading hours, 
for example in the local shop (#30), barber (#28) and maize grinding 
business (#31). 

4.2. Biomass use as a determinant of human and ecosystem health 

The burning of biomass for cooking, heat and lighting was identified 

throughout interviews as a determinant of ill-health (#4, #5, #7, #11, 
#12, #15, #17, #23, #24, #25, #26). Those interviewed described the 
process of burning as a source of indoor air pollution (#4, #5, #11, #12, 
#25), ‘causing air-borne diseases […] It impacts the lives of consumers’ 
(#23). This was exacerbated by the type of home owned, with those 
lacking chimneys (#4) and those who cooked in enclosed indoor spaces 
most adversely impacted (#4, #11): “You have to look at the kitchen as 
a closed system, as the stove is portable, it can be used outside to protect 
the health of women and children” (#11) with alternatives to biomass 
described as beneficial where they can be used in open spaces. 

The process of collecting biomass from protected/managed forests 
was also a threat to health (#4, #11, #17, #18, #23, #24). With the 
deforestation of firewood illegal in protected forests (#11, #17, #18, 
#23), those who collect firewood (almost always women) were 
described as being vulnerable to sexual assault or rape from those 
guarding forests (#4, #17, #18, #23, #24). Interviewee 17 described 
guards who ‘ask for terrible things from women […] sexual favours’ 
with interviewee 4 confirming that some guards rape women who are 
accused of firewood theft. This was identified as happening in both 
government-managed (#4, #11, #17, #24) and privately managed 
forested areas (#23). Incidences of sexual assault were described as 
contributing to the spread of HIV/AIDS in communities where women 
collected biomass (#11). Discussions revealed these adverse health 
impacts were aggravated by deforestation and fuelwood scarcity in 
Malawi, with those responsible for collection having to travel longer 
distances to harvest wood for cooking needs (#4, #17, #18, #24, #26, 
#31). Whilst interviewee 11 suggested that installing lighting along 
paths would make these journeys safer, they also described a situation 
where women ‘preferred the protection of the dark’ (so they could hide). 
A culture of fear surrounding collection resulted, with women recom-
mended to travel together to collect firewood (#18); ‘they go in groups 
(to collect wood)’ (#25). 

Many of those interviewed also expressed how the use of biomass for 
energy was the cause of deforestation in Malawi, especially within the 
southern regions of the country (#1,#2,#3,#4, #5, #9, #12, #13, #15, 
#16, #17, #18, #19, #21, #23, #24, #25, #30, #31). Drivers included 
a lack of electricity (#2, #18) and perceived high cost of electricity 
(#11, #24, #33), in contrast to wood which was described as ‘free, even 
if not legally’ (#11). Deforestation is a direct consequence of extreme 
poverty in Malawi (#2, #4, #11); ‘people are in survival mode […] 
don’t think about the environment’ (#15). The brunt of deforestation 
driven by poverty was placed on those living in rural regions described 
as ‘demanding charcoal and firewood[…] (we need to) take pressure off 
rural forest area reserves.’ (#16). An increase in the population was also 
described as a factor which exacerbated deforestation by some ‘elite’ 
stakeholders (#4, #16, #18, #23). Deforestation was noted to occur 
indiscriminately across Malawi, widespread even in regions recognised 
to be experiencing unsustainable rates of tree loss: ‘we identify hotspots. 
However, people are cleverer. They clear the area and go somewhere 
else’ (#18) and where ‘4–5 years ago, the forest cover was around 30%. 
In 2017, this figure had decreased to 22%’ (#18). 

4.3. Intersecting energy systems and their impacts on ecosystem health 

Interviewees also described the connections between biomass and 
hydroelectricity systems, which in turn were being shaped by climate 
change. Both deforestation and climate change were noted to have 
impacted on the capacity of existing electricity infrastructure (#2, #4, 
#14, #15, #16, #17, #19, #20, #22, #23). The siltation of hydro-
electricity generation sites due to deforestation (and resulting soil and 
slope instability) decreased the capacity of these systems to provide 
electricity (#2, #4, #13, #14, #15, #19): ‘generation gets lower and 
lower’ (#23). This challenge was exacerbated by old and inefficient 
infrastructure in Malawi (#17, #20, #25). Climate change was also a 
threat to hydroelectricity in Malawi (#14, #16, #17, #22): ‘climate 
changes are affecting the amount of hydropower we can produce’ (#14). 
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Erratic rainfall attributed to climate changes led to a decline in elec-
tricity generation: ‘poor rainfall leads to poor generating capacity’ 
(#22). Events of high rainfall similarly limited electricity generation for 
mini-grid systems (#16, #19, #25). One incidence of high rainfall, with 
1m of rain in 36 hours, destroyed components of a hydroelectricity mini- 
grid in Mulanje. These extreme weather events had cascade effects, with 
food security and economic activity compromised through extreme 
rainfall leading to decreased electricity and flooding (#16). 

Both deforestation and the construction of infrastructure for hydro-
electricity contribute to declining biodiversity in Malawi (#16, #17, 
#19, #24). In addition to deforestation for biomass use, land has been 
cleared of trees for agriculture, especially around large cities (#17). This 
is leading to a scenario where ‘there is a lot of unsustainable harvesting’ 
(#16). Deforestation was also described as a major threat to biodiver-
sity, and in turn this compromised food security (#17, #18). The loss of 
wetlands in the construction of dams was noted to have adverse impacts 
on agricultural potential through limiting off-rain season farming, which 
was again further exacerbated by climate change (#8, #17). A decline in 
biodiversity was highlighted as occurring on the same river where many 
hydroelectricity sites were located (#1, #8): ‘Shire ecosystem is killed’ 
(#17). Loss of certain species of fish in these river ecosystems occurred 
with the diverting of water through canals. Together, combined loss of 
agricultural potential and declining fish stocks meant a loss of livelihood 
and income (for fishermen, farmers and those involved in tourism) in 
populations close to hydropower generation sites (#14, #17). 

4.4. Unequal burden of adverse health impacts 

Interviews revealed that specific groups within society are dispro-
portionately affected by the adverse health impacts of lack of electricity 
and use of biomass. Older populations in rural areas were disadvantaged 
due to long waiting times for connecting to electricity services (#19). 
One electricity user described a situation where ‘many people on the 
waiting list are old… they want to join the grid’ (#26). This group may 
never experience the benefits of electricity access in Malawi, where 
connection to the grid is slow. Women were also identified as a group 
especially vulnerable to the adverse impacts of biomass use (#1, #3, #4, 
#5, #8, #11, #12, #17, #18, #20, #24, #27, #31, #32). Responsibility 
for collecting firewood and for cooking was situated with women (#3, 
#4, #5, #12, #15, #17): ‘wood collection is a woman’s task. Cooking is 
a woman’s task. Yet financing is a man’s task, so saving wood is not 
important to men’ (#11). Biomass use is entrenched where decision 
making regarding energy use is not situated with those who experience 
adverse health impacts most acutely (#5, #12, #17). Women, and 
especially poor women, were also described as being most vulnerable to 
adverse impacts of deforestation and climate change: ‘women have a 
direct hit as the environment keeps changing’ (#15) where changes 
compromise food security and ability to provide for other dependants (e. 
g. children) (#17). 

4.5. Factors entrenching the use of biomass 

The continued use of biomass is thus a driver of both ecosystem 
degradation and ill health. The use of biomass in cooking was wide-
spread even when people had electricity access (#3, #5, #11, #19, #24, 
#26, #32, #33). This was linked to cost effectiveness of firewood 
compared to the cost of electricity and the expense of a hotplate (#19, 
#26, #33). There were conflicting discourses regarding the affordability 
of electricity compared to charcoal use in Malawi; the cost of electricity 
per kWh was described as ‘less than charcoal’ (#19) whilst others con-
trasted this with statements such as ‘electricity is expensive; it is not 
affordable for most’ (#21). The continued use of biomass as a fuel for 
cooking was also linked to habitual behaviours (#5), with use described 
as a ‘mindset thing’ (#24) and where ‘behavioural change for cooking is 
very difficult’ (#11). The continued use of charcoal was attributed to a 
‘problem of mentality’ (#18) whereby charcoal is assumed to be cheaper 

than electricity (#17, #18). 
Other alternatives to firewood and charcoal use, such as Liquefied 

Petroleum Gas (LPG), efficient cookstoves and biomass briquettes were 
suggested by NGO, government and private sector interviewees as 
interim solutions to reduce firewood use and deforestation (#2, #3, #4, 
#21, #17, #19, #20, #21, #23, #24). Their use, however, was limited 
by high cost (#4, #12, #17, #23, #25, #26, #28, #33), lack of avail-
ability in rural regions (#4), and perceptions of LPG as being dangerous 
(#17, #23). Advocacy for these alternatives was based on health im-
provements relative to burning, though some questioned their envi-
ronmental impact (#21): ‘not many alternatives that are 
environmentally friendly […] LPG is even more expensive and polluting 
too’ (#23). 

Interventions to reduce deforestation are currently occurring in 
Malawi, with one interviewee noting the need for ‘multiple solutions 
happening at the same time’ (#21). These included; the designation of 
protected forested areas (#18, #23); making deforestation illegal in 
certain areas (#17, #18 #23); reforestation efforts involving fast- 
growing tree planting initiatives (#5, #12, #17, #18, #21); and man-
dates for privately owned estates to reserve 10% of land for reforestation 
(#23). The efficacy of these in reducing deforestation was noted by some 
as limited: ‘impact is negligible…not able to cover degradation’ (#18). 
This was attributed to the lack of training of guards in protected areas 
(#18), fees for deforestation being too low to act as a deterrent (#18), 
demand for firewood outpacing supply (#16, #21, #23, #25), and 
contention over the use of exotic fast- growing species such as bamboo in 
Malawi (#17, #18). 

The current energy generation, transmission and distribution in-
frastructures and policies in Malawi are insufficient to meet electricity 
needs of a growing population. The government was described as 
making decisions on what will generate electricity most rapidly (to meet 
aims to expand energy access) at the expense of the environment (#1, 
#2, #6, #9, #12, #15, #16, #21). Adverse impacts of energy use on the 
environment and human health are thus not fully considered in policy 
and planning (#1,#6,#16), with one stakeholder noting that in energy 
planning ‘environment equals trees’ (#12) with the environment (and 
its impacts on human health) not considered a priority at a governance 
level (#12,#15,#16). Discourses around renewable energy use implied 
they were conceptualised as ‘top up’ solutions, with fossil fuels envis-
aged as being more stable solutions to electricity generation (#1, #2, 
#6, #22). Pursuing this route limits access to climate financing, which 
was identified as a key potential source of investment in Malawi (#8). 
The current discourse around energy generation in Malawi obfuscates 
the links between climate change, deforestation, electricity generation 
and human health. 

5. Discussion: Human health, ecosystem health and energy 
justice 

Interviewees directly linked many social, economic and environ-
mental ramifications present in Malawi to the widespread energy 
poverty. The brunt of these injustices is being felt by Malawi’s most 
vulnerable individuals, who predominantly reside in low-income and 
remote communities. Therefore, the country’s aim of increasing elec-
trification to 30% by 2030, is both a humanitarian and ecological 
imperative, and represents a key step to alleviating the country’s 
endemic poverty [16,18]. However, whilst such goals are promising and 
much needed, it is necessary to consider how energy systems in flux will 
generate new and embed existing inequalities. 

High biomass consumption directly impacts on the capacity of 
existing electricity generation systems, with these adverse impacts 
exacerbated in a cyclical loop where lack of reliable and affordable 
electricity access further entrenches the use of biomass. Firewood is 
essentially a free commodity, in contrast to expensive electric cook 
stoves, and so even households with electricity access frequently rely on 
traditional wood stoves for cooking [111]. Though the interviews 
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indicated that electrification can significantly improve living conditions, 
through better healthcare provision and mobile connection, it might not 
alleviate existing pressures on forest ecosystems as similarly argued by 
[112] or on women’s health in India [113]. 

Placing ecosystem and health issues within an Energy Justice 
framework allows for a holistic approach that shifts from the conven-
tional depiction of human and ecosystem health as unconnected con-
cepts in many western ontologies (see also [58,69]). The value of this 
integrated approach is exemplified when considering energy provision 
and the role of women in rural Malawian society. In both rural and peri- 
urban settings in Malawi, the collection of firewood and cooking with 
firewood is linked to various health hazards including sexual assault and 
respiratory illness [86,87,114,115]. These injustices, which are dispro-
portionately experienced by women, are further embedded by a lack of 
inclusion in financial decision making at a household level, especially 
regarding energy source and uses of electricity. Even where electricity is 
available, biomass use continues with both ecosystem and human health 
impacts. It is necessary to understand this according to the Energy 
Justice Framework, as both a recognition injustice and a procedural 
injustice, whilst capturing biomass use as a threat to ecosystem and 
human health. Injustices at this household level must be understood and 
attempts made to alleviate them, to improve both the health of the 
population directly and to improve ecosystem functionality (with indi-
rect positive impacts on the health of current and future generations). 
This has also been documented in literature on a global scale: ‘forest 
clearing in many parts of the world has led to reduced access to fuel for 
cooking fires, creating a disproportionate burden on women and girls 
who are often responsible for gathering such fuel wood.’ [78]. Solutions 
to alleviating health risks caused by cooking with solid fuels (which emit 
damaging air pollutants) are to be found at the household level, 
although community-level contributions including subsidies and energy 
infrastructure play a vital role [116]. 

An overreliance on timber as a source of energy acts as a key 
determinant of human health and ecosystem functionality in Malawi. 
Between 2001 and 2018, Malawi lost nearly 164kha of tree cover [117], 
with the use of biomass recognised as a historic and ongoing driver of 
deforestation [16,118–120]. Complementing a wide body of work that 
examines deforestation and its impacts on ecosystems [121–123], our 
results indicated that deforestation results in ecosystem deterioration, 
with direct effects of food provision, slope stability and electricity pro-
vision at a local and national scale in Malawi. Rather than implementing 
initiatives which focus on alleviating the individual symptoms which 
result from biomass use (e.g. cookstoves to reduce indoor air pollution), 
we argue that an integrated energy justice framework helps identify 
interconnected issues. 

This is particularly important as the transition from biomass to 
electricity is not linear in a low-income context such as Malawi 
[114,124–127]. Distributional injustices can be overlooked when en-
ergy access at a local and national scale is not understood through the 
prism of interlinking human and ecosystem health. For example, 
deforestation and resulting siltation of hydroelectricity systems in 
Malawi limit electricity generation capacities of facilities, restricting 
electricity access for both locally proximate and distant grid-connected 
groups as observed by [128]. This has been recognised as occurring in 
other settings where deforestation is common e.g. in Indonesia [129]. 
The adverse consequences of mass deforestation on ecosystem health are 
felt most adversely in the southern regions of the country, where pop-
ulation pressures exacerbate existing energy inequalities (such as threats 
to women through collecting firewood). 

The benefits of electrification, as contributing to both physical and 
mental wellbeing through connection, whilst recognised in government 
policy and planning groups are not fully extended to rural energy users 
who continue to rely heavily on biomass [130]. This group is excluded 
from electricity access through national government planning, which 
favours those who are already proximate to the grid, and in international 
development aid, where generation targets tend to prefer centralised 

infrastructures which are cheaper to develop and connections more cost- 
effective [131,132]. Furthermore, rural consumption needs are 
frequently underestimated and under-represented in both national and 
international off-grid electrification initiatives [32,133]. Where energy 
generation is low, benefits to wellbeing for rural energy users in Malawi, 
is also compromised. These inequalities are compounded by an 
approach to energy planning which compartmentalizes the environment 
and human health as separate, and as the environment as conflated with 
trees and forestry. Distributional energy injustices, human and 
ecosystem health must be recognised as profoundly linked entities that 
require further research regarding their direct and indirect impacts in 
countries such as Malawi. 

However, to build a holistic interpretation of the link between 
human health and ecosystem health within the Energy Justice frame-
work, this nexus must be positioned within the realms of procedural 
injustice. This is represented by the role of policy and policy making in 
improving access to energy in Malawi. Even though policy tends to be 
focused on one energy system at a time, adopting a combined approach 
to energy can shed light on some of the gaps associated with inter-
connecting human wellbeing and ecosystem health. Conducted research 
suggests that policy in Malawi exhibits fragmented characteristics by 
focusing on one identified issue while overlooking the correlation be-
tween these concepts. However, achieving a just transition to energy 
access in Malawi requires a thorough understanding of policy in the 
country that is inclusive of the whole energy supply chain. 

The EcoHealth approach and the concepts analysed in this study also 
have more far-reaching implications; the potential impacts of embed-
ding a more holistic approach to human and ecosystem health could 
improve energy justice on a global scale. Further research along our line 
of inquiry is urgently needed in Malawi and similar contexts to under-
stand the generalizability of our discussion points. 

6. Conclusion 

This paper considered the connection between electricity access and 
ecosystem health. It elucidated the interconnections involved in this 
interplay for literature in energy, social and environmental science. We 
identify the Energy Justice Framework as a way to integrate a better 
understanding of both human and ecosystem health when approaching 
research on energy infrastructures and associated physical systems. This 
connection between human and ecosystem health is even more critical 
when researching in Global South contexts such as in sub-Saharan Af-
rica. We find that existing energy literature focusing on human health 
and ecosystem health tends to be separated which leads to compart-
mentalization of insights into energy realities. The application of the 
energy justice framework to both approaches towards health offers 
much potential in elucidating a more comprehensive picture of in-
equalities experienced by communities. 

Social science researchers in energy are increasingly focused upon 
transitions. In sub-Saharan Africa, for the least electrified nations, we 
need to be aware that the critical transition for such societies is from 
biomass dependency towards electrification. Energy transitions litera-
ture such as [134,135] looks at the transition as moving societies away 
from fossil fuels, and the forms of inequalities that emerge in this pro-
cess. Many countries, including Malawi, are dealing with pre-fossil fuel 
dependency transitions. In this regard, we have demonstrated the mul-
tiple injustices involved for both human and ecosystems health in the 
current context of biomass dependency. We provide some insight into 
the positive and negative implications of electrification with regards to 
hydroelectricity in Malawi. However, we encourage researchers to 
develop further studies that interrogate this particular energy transition 
from our Ecohealth perspective on energy justice in other case studies 
and contexts across the globe. 
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Appendix. A: List of organisations 

African Trade Insurance Agency 
Circle for Integrated Community Development (CICOD) 
Community Energy Malawi 
Cooperation Network for Renewable Energy in Malawi (CONREMA) 
Department of Climate Change and Meteorological Services 
Department of Energy Affairs 
Department of Forestry 
Electricity Generation Company Limited (EGENCO) 
Energy Supply Corporation of Malawi Limited (ESCOM) 
Hara & Associates, Legal Practitioners 
Independent US sustainable energy research institute 
Malawi Congress of Trade Unions 
Malawi Energy Regulatory Authority (MERA) 
Malawi Environmental Endowment Trust (MEET) 
Malawi Hydro Limited 
Mount Mulanje Conservation Trust 
Mulanje Electricity Generation Agency 
Malawi University of Science and Technology 
National Government Development Agency 
Renewable Energy Association of Malawi (REIAMA) 
Sunny Money 
UNDP Renewable Energy Partnership Group 
UNICEF Renewable Energy 

Appendix B:. Table of interviewees  

Institution type Corresponding interviewee 

Malawian non-governmental organization (NGO) 4, 5, 12, 16 
Government of Malawi 7, 13, 18, 22 
Public and private energy company 2, 3, 14, 19, 20, 23, 24 
Foreign Development Agency 1, 6, 8, 11 
Other 9, 10, 15, 17, 21, 25  
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