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Abstract

Data on social dimensions of the bioeconomy, particularly gender equity and poverty, two
core Sustainable Development Goals, remains limited and difficult to operationalise. This
paper presents a desk-based assessment of social risks related to gender inequality and
working conditions in agriculture, using the Social Hotspot Database (2021) alongside sec-
toral data on cereals, wheat, and paddy rice. Agriculture was examined as a key component
of the bioeconomy in five East African countries: Burundi, Kenya, Rwanda, Tanzania, and
Uganda, all signatories of the East Africa Regional Bioeconomy Strategy. Additional data
from FAO and ILO were incorporated to strengthen the analysis. Results indicate persistent
gender inequality, with women continuing to face systemic disadvantages compared to
men in agricultural production, potentially constraining the development of a sustainable
bioeconomy in the region. Regarding working conditions, all countries demonstrated high
risks of failing to achieve living wages, leaving many workers in poverty. However, a
significant limitation lies in the absence of sex disaggregated data and datasets explicitly ad-
dressing bioenergy or the bioeconomy. Evidence from international organisations suggests
that restricted access to education, limited financial resources, and enduring cultural norms
exacerbate the gender gap in agriculture. This paper concludes that advancing education,
expanding access to finance, and strengthening gender parity are critical pathways to
mitigate social risks and to support inclusive bioeconomy development in East Africa.
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1. Introduction
The concept of “bioeconomy” has gained global attention in research and policy circles

in recent years. Many argue that substituting a bio-based, or renewables-based, economy
for the fossil fuels-based economy will help to reduce some of the complex challenges of
climate change impacts. The term bioeconomy was developed in 1997, but the definition
has evolved over time as international organisations have supported it through their
various national or regional strategies (e.g., refs. [1,2]). Views on the bioeconomy vary
according to the perspective on the capacity of the economy and resources to address
global societal challenges [3]. Some definitions of the bioeconomy make the food, health
care, chemicals, and energy sectors key components. Others focus on driving forces such
as sustainability, competitiveness, and welfare provision [3]. According to the European
Commission Bioeconomy Strategy [2] the bioeconomy covers all the sectors and systems
that depend on biological resources and the functioning of all animals, plants, micro-
organisms, derived biomass, and organic waste. All those economic and industrial sectors
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which rely on biological resources and processes to produce food, feedstocks, and other
bio-based products are also part of the bioeconomy [2].

Current definitions perceive the bioeconomy as a large system that binds together
natural resources, technologies, markets, people, and policies. In addition to the preser-
vation of natural resources for future generations, the bioeconomy strives to optimally
manage environmental resources for current generations [4]. It has been suggested that the
transition to a bioeconomy will address pertinent issues related to climate change, food
security, health, industrial restructuring, and energy security [3].

The transition to sustainable economies will not automatically result in more equal or
just societies; furthermore, bioeconomy might have unintended social consequences [5,6].
In fact, if not properly assessed and addressed, many current challenges in the mainstream
economy, such as gender inequality, social inequalities, and poverty, are likely to continue
or even deepen within the bioeconomy [7–9]. On the other hand, several positive impacts
have been attributed to the use of biomass for bioenergy and to the bioeconomy [10].
Nonetheless, current social impacts are still poorly understood [11].

This paper provides an assessment of selected social indicators with a gender focus
within the agricultural sector, as part of the bioeconomy in East Africa. The socio-economic
aspects analysed include (a) gender equality, using three indicators (indices)—Overall
Gender Equality Risk, Global Gender Gap Index, and Gender Inequality Index—and (b)
working conditions, with the following indicators: wage below benchmark, wage below
living wage, workers in poverty, and overall workplace discrimination. The assessment
covers five countries: the Republic of Burundi, the Republic of Kenya, the Republic of
Rwanda, the United Republic of Tanzania, and the Republic of Uganda (hereafter referred
to as Burundi, Kenya, Rwanda, Tanzania, and Uganda).

2. Sustainability, Gender, Poverty, and Equality in the Bioeconomy
The bioeconomy has emerged as a framework for promoting sustainable development

by linking biological resources with new economic opportunities. It aims to enhance stabil-
ity through the provision of essential resources such as food, fuel, and raw materials, while
supporting the growth of sustainable industries. In principle, the bioeconomy is expected
to contribute to environmental sustainability, climate change mitigation, and economic
transformation. Yet, its outcomes depend on who has access to and control over resources
and opportunities, and on how benefits are distributed. Factors such as gender, class,
ethnicity, race, age, religion, sexuality, and geographical location shape these dynamics,
often determining who benefits and who is marginalised [12]. The central challenge lies
in ensuring that the bioeconomy delivers not only environmental but also social sustain-
ability, particularly in reducing poverty and advancing gender equality. Several factors
will influence the future of the bioeconomy, such as global economics and contexts, and
the sustainability of the bioeconomy will depend on the synergies between production of
biomass feedstock and conversion procedures [13]. The level of sustainability will also
depend on whether the bioeconomy improves, reinforces, or deepens existing societal
inequalities [10,12,14].

2.1. Synergies with the Sustainable Development Goals

Several frameworks have sought to capture the synergies and trade-offs between the
bioeconomy and the Sustainable Development Goals (SDGs). These highlight the impor-
tance of situating the bioeconomy within broader sustainability objectives, emphasising
how social, economic, and environmental goals interact [15–19]. Pradhan et al. [19] used
United Nations Statistics Division data from 1983 to 2016, covering 122 indicators for
227 countries, disaggregated by gender, age, urban and rural populations, and income, to
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examine correlations across SDGs. Their study revealed that SDG 1 (No Poverty) demon-
strated strong synergies with most other goals, while SDG 12 (Responsible Consumption
and Production) and SDG 15 (Life on Land) were negatively correlated with many others.
Importantly, these two goals are directly linked to bioeconomy activities, highlighting the
inherent tension between resource use and sustainability.

The indicators with the strongest synergies were associated with SDG 1 (No Poverty),
SDG 11 (Sustainable Cities and Communities) and SDG 13 (Climate Action), all of which
build on the Millennium Development Goals and are underpinned by extensive data
and indices. By contrast, SDG 8 (Decent Work and Economic Growth), SDG 9 (Industry,
Innovation and Infrastructure), SDG 12 (Responsible Consumption and Production), and
SDG 15 (Life on Land) showed the most significant trade-offs [19]. These results underline
the risks that, unless carefully managed, the bioeconomy could exacerbate inequality or
create new forms of exclusion, even while contributing to environmental goals.

2.2. Social Sustainability in the Bioeconomy

Social sustainability refers to the fair distribution of benefits, the reduction in poverty,
and the safeguarding of dignity in human life. It encompasses employment rates, equal
opportunities, gender equality, and political participation, and forms one of the three central
pillars of sustainability. Yet, in practice, assessments of the bioeconomy often privilege
environmental and economic outcomes over social dimensions [12]. The United Nations
Commission on Sustainable Development has developed indicators for tracking progress
across social, economic, environmental, and institutional domains, but these are primarily
applied at a national level and lack sector specific focus [20]. Similarly, the Global Reporting
Initiative (GRI) offers over 100 indicators across categories such as economy, environment,
human rights, product responsibility, and society, yet these too face limitations in capturing
local or sectoral dynamics [21].

For the bioeconomy to meet its potential, sustainability indicators must capture context-
specific realities, especially in the Global South where agriculture remains the backbone
of livelihoods. Effective frameworks must account for poverty, tenure rights, resilience to
shocks, and access to decent work. Table 1 illustrates dimensions of the poverty framework
that can guide assessments of the bioeconomy in reducing poverty and strengthening
inclusion (e.g., vulnerable groups such as women, girls, youth, people with disabilities,
and the elderly [10]).

Table 1. Poverty dimensions [22] and examples of indicators on the bioeconomy [12].

Four Dimensions Examples of Indicators

(Access to) Resources
• Power over resources, both material and non-material
• Decent income and professional skills
• Agricultural tools and ecosystem services

Opportunities and choice • Access to services
• Opportunities to use resources to move out of poverty

Power and voice
• To articulate concerns, needs and rights
• To participate in private and/or public
decision-making

Human security
• Opportunities to exercise human rights
• Resilience (economic, environmental and social)
• Conflicts and risks/safety
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2.3. Gender, Poverty, and Equality Frameworks

The transition to a bioeconomy will not automatically lead to greater equality. Exist-
ing inequalities, particularly those related to gender, risk being reproduced or deepened
without explicit interventions [7–9]. Women play critical roles in agriculture and agrifood
systems, yet continue to face unequal access to land, credit, education, and decision-making
processes [23]. These barriers limit their ability to adapt to sustainable production, even
when their interest in such practices matches that of men [23–26]. Ensuring that gender and
social equality concerns are integrated into bioeconomy frameworks is therefore essential.

Gender indicator frameworks, such as the UN Gender Inequality Index and the OECD
Social Institutions and Gender Index, provide important tools for assessing disparities [27].
However, they operate mainly at national level, offering limited insights into regional or
sectoral inequalities. Measuring gender inequality is inherently complex, and findings vary
depending on whether indicators are quantitative or qualitative [27–29]. Employment and
wage issues are more comprehensively addressed in prominent sustainability standards,
but other concerns, such as resource rights, unpaid care work, and access to decision-
making, remain insufficiently considered [12].

Some of the existing gender-related indicators and indices relevant to the bioeconomy
are summarised in Table 2. These indicators do not represent the full range of possible
measures but some of those applied in the Social Hotspot Database. While some have their
own annual reports and have evolved over time, most are applied at a national level and in
a social context, rather than being tailored to specific sectors or to multisectoral approaches
such as the bioeconomy.

Table 2. Selected indicators and index related to gender equity.

Name of Indicators/Index Author/Organisation Year Measurement

Human Rights (indicator
women’s economic rights) Cingranelli-Richards [30] 2013

Women’s economic rights include a number
of internationally recognised rights
including equal pay for equal work and free
choice of profession, among others. These
are measured by the extensiveness of laws
to support women’s economic rights and
how the government enforces these laws.

Social institutions
gender index OECD [31] 2012

Measures how discriminatory social
institutions affect the lives of women and
girls around the world. Includes several
criteria and indicators [32].

Gender Inequality Index United Nations Development
Programme [33] 2021

It measures gender inequalities in three
important aspects of human development:
reproductive health, empowerment, and
economic status.

Global Gender Gap Index World Economic Forum (WEF) 2021

It originally covered gender gaps across
four dimensions: economic opportunities,
education, health, and political leadership.
It has evolved since 2006 [34].

Overall, Gender equality Social Hotspot Data
Base (SHDB) 2021 Weighted average of all gender indicators in

the SHDB [35].

Female representation in
the workforce

International Labour
Organisation (ILO) [36] 2021

Female employment by sector. Risk
expressed in %. Gender gap on
employment.
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Among the most influential is the Gender Gap Index developed by the World Economic
Forum, which evaluates economic participation and opportunity, educational attainment,
health and survival, and political empowerment [34].

2.4. Risks of Reinforcing Inequality

Addressing gender inequality requires moving beyond documentation of disparities
to identify their structural drivers. This involves examining (a) the social norms and
institutional factors that determine who benefits or loses from bioeconomy initiatives,
(b) emerging forms of exclusion and vulnerability, (c) the ways in which sustainability
is framed by different actors such as governments and private companies, and (d) the
trade-offs that may arise between environmental sustainability and social well-being [12].

Access to and control over resources such as land, water, technology, knowledge, and
jobs, as well as the distribution of income and benefits at local, regional, and national
levels, are central to this analysis. Small-scale producers, rural populations, and Indigenous
communities are often the most affected. Research shows that there is no guarantee
the bioeconomy will benefit all groups equally; it may reinforce discrimination if social
dynamics are not fully addressed [37,38].

The prevailing technocratic approach to the bioeconomy often sidelines socio-
economic, cultural, and gendered impacts. Applying a gender and social equality (GSE)
lens makes it possible to unpack power relations that allocate opportunities to some groups
while constraining others [37]. Yet, much of the current literature focuses on describing
inequalities rather than transforming the structures that perpetuate them. For the bioecon-
omy to contribute to a more just society, the redistribution of power across households,
communities, private enterprises, governments, and civil society is required [12].

2.5. Expanding Biomass Use and Measurement Challenges

An additional characteristic of the bioeconomy is its capacity to extend biomass
production beyond food, feed, and fibre to a wide range of value-added products in
agriculture, forestry, health, tourism, and energy. The cascading use principle highlights
opportunities for maximising value creation [12]. However, assigning socio-economic
indicators to the bioeconomy is complicated by overlaps with traditional sectors such
as agriculture, forestry, and industry. Typical indicators include job creation, working
conditions, women’s participation, and legal issues, but data remain inconsistent and
sometimes risk double counting.

Social, legal, and political factors also influence the acceptability and diffusion of new
technologies. Evaluating social sustainability requires tracing linkages between supply
chains and social structures, identifying suitable indicators, and collecting reliable data.
Some of the social and economic indicators currently used have been criticised for their
limitations, but their relative ease of collection and presentation makes them attractive
for policymakers and stakeholders. The challenge remains to identify quantitative and
qualitative data that are both reliable and cost effective. Diaz-Chavez et al. argue for “a
consistent and transparent framework or minimum applicable criteria and indicators for
sustainability assessment of bioproducts that are transparent and can be adapted to regional
specific conditions” [39], p. 85.

2.6. The Importance of Reliable Data

Used in tools such as the SHDB are applied only at national level and are not suited to
sectoral or multisectoral contexts. While influential indices such as the World Economic
Forum’s Gender Gap Index offer valuable global comparisons, their scope is limited to four
dimensions and does not provide sufficient granularity for sector specific analysis [34].
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The lack of sex-disaggregated and sector-specific data constrains the ability to design
effective policies, monitor progress, or assess the inclusiveness of bioeconomy strategies.
Gender-disaggregated data are critical for identifying barriers to women’s participation,
ensuring equitable access to resources, and enabling evidence-based policy decisions. With-
out such data, the bioeconomy risks overlooking women’s contributions and perpetuating
existing inequalities.

3. Methodology
3.1. Background: The Agriculture Sector and Bioeconomy in East Africa

Bioeconomy activities involve multiple sectors and have different definitions and
visions. The East Africa Regional Bioeconomy Strategy [40] aims to foster economic growth
and generate employment by utilising the region’s bioresources to develop sustainable
products and services, while enhancing environmental quality and supporting climate
change mitigation. It focuses on four thematic areas: (1) food security and sustainable
agriculture; (2) health and well-being; (3) biobased industrial development; and (4) sustain-
able energy. The agricultural sector is key for any country’s food security. In the case of
the bioeconomy, the added value for products, waste, and residues is the key feature to
differentiate it from the agricultural sector as key economic activity.

It is estimated that in sub-Saharan Africa, around 66% of women’s employment is in
agrifood systems and it is their main source of livelihood [41]. Although, some authors
have reviewed individual countries and found that the percentage is less to even 24% in
Niger and 37% in Nigeria [42]. Figure 1 shows the trends by area and sex from 1995 to 2020.
Each line represents a country’s male or female population’s trend in the agrifood sector in
key selected countries in East Africa.

 

Figure 1. Trends in number of workers in agriculture by year and gender (data source: FAO stats [43]).

Agrifood systems’ statistics refer not only to agricultural production but also other
activities that involve some added value to the food product. Agrifood systems encom-
pass all actors and interconnected processes involved in adding value to both food and
non-food agricultural products. This includes activities across the entire value chain—from
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production to off-farm operations such as storage, aggregation, post-harvest handling, trans-
portation, processing, distribution, marketing, consumption, and waste management [41].
Shifting the focus from women’s roles in agriculture to their broader participation within
agrifood systems allows their roles and challenges to be better understood.

3.2. Methodology for Risk Assessment of Gender Inequality and Working Conditions

There are different definitions of hotspots, but it can be considered as (in a region or
within life cycle analysis) processes or activities that may be seen as problematic or where
there is a risk or an opportunity, in a social theme [44,45]. A rapid assessment using the
Social Hotspot Database [35] was performed on five countries in East Africa (Burundi,
Kenya, Rwanda, Tanzania, and Uganda) where the Bioeconomy Strategy was developed.
Two themes of the SHDB were reviewed. Under the theme of society, gender equality was
assessed under three indicators: overall gender equality risk, global gender gap index, and
Gender Inequality Index. Under the theme of Labour rights and working conditions, the
following criteria were analysed: country sector risk wage below benchmark, sector average
wage below living wage, workers in poverty, and overall discrimination in the workplace.
Three sectors related to Topic 1 of the Bioeconomy Regional Strategy were selected: cereal
grains, rice paddy, and wheat. These were selected as a proxy of the multisectoral approach
of the bioeconomy. This assessment was complemented with additional data from other
sources (e.g., WEF, FAO).

The parameters assessed with the hotspot database used a scale for the risk from low
(1), medium (2), high (3), and very high (4). These parameters in the hotspot database
used the methodology from Benoit et al. [46]. As the assessment includes more than
50 characterised social issues for 20 social themes, the amount of data is difficult to assess
for decision-making. For this reason, the UNEP report [45] recommends calculating a Social
Hotspot Index for each country-specific sector (CSS) and identifying hotspots in the supply
chain. The authors constructed the index by weighting the level of risk identified for each
social issue. In the scale, a zero was assigned to social issues with low risk, a 1 was assigned
to those that are medium, a 2 to those with high risk, and a 3 for those with very high
risk; Nd was used where no data was indicated in the database. Summing across all social
issues resulted in a total number of weighted hotspots to be aware of when working in
that country and sector. Thus, social issues are not compared against each other. All issues
are weighted equally in the sum, and all are considered a risk or negative impact. Positive
impacts are not assessed with the Social Hotspot Index.

The three selected sectors were cereal grains (includes maize), wheat, and rice paddy
as they constitute the staple for most countries in East Africa. For gender inequality, three
indexes were used as per Table 2: the SHDB for gender inequality (overall gender equality
risk, OGER) from the SHDB; Global Gender Gap Index (GGGI) from WRI; and Gender
Inequality Index (GII) from UNDP.

To assess working conditions, two indicators were considered: the minimum national
wage, which is normally regulated at the national level and according to some activities
(affecting both women and men); and the living wage, which ensures minimum acceptable
living standards and may vary from one region to another in the same country (also
affecting both women and men).

Data from the SHDB was crossed with data gathered from other organisations such as
the International Labour Organisation, the United Nations, and other literature.

It is important to note that the SHDB is not open source and uses aggregated data that
has not been updated since 2021, therefore explaining the need to cross information with
other sources. Nevertheless, it still provides good reliable assessment of the risks.
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4. Results
4.1. Risk Assessment of Gender Inequality in East Africa

The assessment for risks for gender inequality in the five countries showed that
Burundi scored as medium risk for the overall gender equality risk across the three sectors,
while for the Global Gender Gap Index it was scored as low risk across the sectors, and in
the gender inequality risk it was scored as high risk in the three sectors. For all indexes and
sectors, Kenya showed a high risk.

Rwanda scored as low risk for all sectors for the Overall Gender Equality Risk and the
Gender Gap Index but for the Gender Inequality Index it scored as high risk. Tanzania and
Uganda showed the same scores of medium risks across the three sectors for the Overall
Gender Equality Risk and the Gender Gap Index, while they scored as high risk for the
Gender Inequality Risk for the three sectors.

Figures 2–4 show the results of the SHDB for gender inequality (overall gender equality
risk, OGER); Global Gender Gap Index (GGGI); and Gender Inequality Index, (GII) for
the sectors of cereal grains, wheat, and paddy rice. The GII was consistently high for all
countries and all crops.

 

Figure 2. Overall gender risk by country for cereals (cereal grains, wheat, and paddy rice)
(Source: [35]).

 

Figure 3. Global Gender Gap Index by country for cereals (cereal grains, wheat, and paddy rice)
(Source: [35]).
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Figure 4. Gender Inequality Index by country for cereals (cereal grains, wheat, and paddy rice)
(Source: [35]).

A comparison of the results from the World Economic Forum’s 2024 Global Gender
Gap Index Report [47] reveals that the countries are ranked relatively high globally. The
report’s assessment shows the progress towards gender parity, where each indicator is
represented as a ratio of values for men and women. A parity score of 1 indicates full
equality, while lower scores highlight the gender gap. Table 3 presents these values and
rankings for the selected countries.

Table 3. Global Gender Gap Index for selected countries (Source: [48]).

Country Rank Global Gender Gap Index

Burundi 38 0.757

Kenya 75 0.712

Rwanda 39 0.757

Tanzania 54 0.734

Uganda 83 0.706

According to the 2023 UNDP report on the Gender Inequality Index (GII), Kenya,
Rwanda, Uganda, and Tanzania are classified as countries with medium scores for the
Human Development Index. The GII values highlight gender inequality in these nations
(where a lower GII value signifies less inequality) (Table 4). Out of 170 countries, the data
reveals that these selected countries still exhibit a gender gap. However, Rwanda stands
out in the region with a relatively better ranking.

Table 4. Gender Inequality Index by country and rank [33].

Country Rank Gender Inequality Index (GII) UNDP

Burundi 132 0.501

Kenya 143 0.526

Rwanda 99 0.394

Tanzania 134 0.504

Uganda 141 0.524
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4.2. Assessment of Working Conditions in East Africa

In order to assess the risks of working conditions (e.g., not complying with minimum
national wage and the living wage), a review of the current minimum wage and the living
wage in the region was conducted. Table 4 shows the minimum wage and living wage both
in national currency and in USD in the selected countries in East Africa.

To assess working conditions within the SHDB, the assessment was conducted on
the societal theme related to poverty and inequality. The criteria selected included the
risk of wages falling below the benchmark in the country’s crop sectors (e.g., national
and living wage); the sectors’ average wage below living wage; workers living in poverty
(under 1.9 USD/day); and overall discrimination in of workers in the workplace. This last
criterion was selected because despite its effects on both men and women, particularly in
the agroindustry, the impacts on women are larger (Figure 5). Individual countries are
presented in Figures 6–9.

 

Figure 5. Working conditions assessment (data source: [35]).

 

Figure 6. Burundi working conditions assessment (Source: [35]) (WB—wage below benchmark;
WBLW—wage below living wage; WP—workers in poverty; OD—overall discrimination).
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Figure 7. Kenya working conditions assessment (source: [35]) (WB—wage below benchmark; WBLW—
wage below living wage; WP—workers in poverty; OD—overall discrimination).

 

Figure 8. Rwanda working conditions assessment (source: [35]) (WB—wage below benchmark;
WBLW—wage below living wage; WP—workers in poverty; OD—overall discrimination).

 
Figure 9. Tanzania working conditions assessment (source: [35]) (WB—wage below benchmark;
WBLW—wage below living wage; WP—workers in poverty; OD—overall discrimination).
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All countries showed a high risk of workers being in poverty for the three sectors,
which is living with a daily rate of under USD 1.90. Burundi had no data for the risk
assessment for minimum wages and under living wages but as shown in Table 5, the
minimum wage is regulated in the country. For overall discrimination, Burundi showed a
high risk (Figure 6).

Table 5. Minimum wage and estimated living wage.

Country
Minimum Wage

National Currency
Per Day

Minimum Wage in
USD Per Day

Estimated Living
Wage Local

Currency/Month

Estimated Living
Wage in

USD/Month
Source

Burundi 105 FBu 1 0.035 234,400 FBU 2 79.86

1 https://votresalaire.bi/salaire/salaire-
minimum (accessed on 12 May 2025).
2 https://tradingeconomics.com/
burundi/living-wage-individual
(accessed on 12 May 2025)

Kenya 335.86 KES 1 2.60 30,531 KES 2 218

1 https://wageindicator.org/salary/
minimum-wage/kenya/2230
-agricultural-industry (accessed on
12 May 2025)
2 https://www.globallivingwage.org/
wp-content/uploads/2023/07/
Update-report_Kenya_Rural-Kericho_
2023_JUNE.pdf (accessed on
12 May 2025)

Rwanda 100 RWF 1 0.071 174,290 RWF 2 170

1 https://mywage.org/rwanda/salary/
minimum-wages (accessed on
12 May 2025)
2 https://www.globallivingwage.org/
living-wage-reference-value%E2%81%
A0-rural-rwanda/wages (accessed on
12 May 2025)

Tanzania 5385.00 TSh 1 2.00 357,799 TZS 2 136

1 https://mywage.org/tanzania/
income/minimum-wage/6185
-mainland-agricultural-services
(accessed on 12 May 2025)
2 https://www.globallivingwage.org/
reference-value/living-wage-reference-
value-rural-tanzania/ (accessed on
12 May 2025)

Uganda 6500 UGX 1 1.77 888,072 UGX 2 236

1 https://wageindicator.org/salary/
minimum-wage/uganda (accessed on
12 May 2025)
2 https://www.globallivingwage.org/
living-wage-benchmarks/living-wage-
for-lake-victoria-basin-uganda/
(accessed on 12 May 2025)

Notes: wages estimated in rural areas as unskilled worker. Data source: as indicated in table and Wage Indicator
[47]. Superscripts numbers indicate the reference on column used for source.

Kenya’s assessment shows a very high risk for worker not receiving a living wage, for
workers in poverty, and for forms of discrimination in the workplace for all three sectors
of cereals. There was no difference between the selected sectors. Only the risk of not
complying with minimum wages shows a high risk (Figure 7).

Rwanda was the only country with a low risk for wages falling under the benchmark
and for having wages below the living wages marked for the country, while for discrimina-
tion for workers, it was classified as low-risk. There was no difference shown between the
three sectors. (Figure 8).

Tanzania was the only country that showed differences across the sectors. For the
minimum wage below the benchmark, it showed a high risk for the paddy rice sector and a
low for wheat and cereals; for the wages below living wages, it showed a very high risk
for paddy rice and low risk for wheat and cereals. For the overall discrimination against
workers, it showed a high risk, with no difference across the sectors (Figure 9).
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Finally, Uganda’s assessment showed medium risk for minimum wage below the
benchmark in the three sectors (Figure 10). The assessment showed very high risk for wages
below living wages, workers in poverty, and discrimination across all sectors, except the
wheat sector, for which overall discrimination was scored as being high (3). This difference
with the wheat sector may be due to the farming system in Uganda. Wheat is not a staple
food like maize (included in the cereals sector) and rice. It is becoming an economic crop
but is not yet of great economic importance. The production of maize in 2024–2025 was
of 5 Mt versus 25 thousand tons in the same year. Furthermore, wheat is not cultivated at
household farm level [49].

 
Figure 10. Uganda working conditions assessment (source: [35]). (WB—wage below benchmark;
WBLW—wage below living wage; WP—workers in poverty; OD—overall discrimination).

5. Discussion
According to the Gender Gap Index report in 2024, sub-Saharan Africa has increased

its collective gender parity score by +5.6 percentage points since 2006, when the index
was created. This demonstrates that there has been some progress in certain areas and
certain countries. As the report indicates, some are masked due to the size of the region
and their differences. Nevertheless, there has been improvement in the economic gender
parity particularly in the Economic Participation and Opportunity subindex [34].

Recent studies such as [42,50] demonstrate that the inequalities for women engaged
in agriculture are persistent but with regional differences, showing greater increments
of inequality in East Africa. These studies recommend policies to support women in
agriculture, better financial mechanisms to access credit and land, and improved education.
Notably, some of the recommendations indicate that all issues need to be considered to
avoid exacerbating other conditions (e.g., more house labour for women).

Conditions for women in the agriculture sector have slightly improved, particularly in
the percentage of participation. Nevertheless, this is due to the male-dominated migration
from rural areas and rural economic activities. This has led to the “feminisation of agricul-
ture”, which has different challenges, particularly regarding empowerment and roles in
the household and communities [41]. Although this is not further discussed in this paper,
the topic is highly relevant for the bioeconomy regarding power over resources and the
role of women, as discussed in previous section. Furthermore, the working conditions
for women in the agriculture sector is still an issue, as shown above with the criteria of
discrimination and minimum wages. Despite the fact that the SHDB does not differentiate
in working conditions between women and men, the FAO and ILO have reported that these
conditions have not improved significantly. One key indicator, particularly in sub-Saharan



Agriculture 2025, 15, 1933 14 of 19

Africa is land tenure and how it affects women. Nevertheless, the FAO report on agrifoods
found that two of the countries in this paper have made progress regarding the legal
and policy reforms for land rights (Kenya and Uganda), but the land tenure under men
rights continues to be under men property. This is mostly due to a lack of enforcement
of land rights, but Burundi, Rwanda, and Tanzania also showed progress in the share of
women among owners of land in the last ten years [41]. Discrimination against women
in agriculture also persist in agribusiness. Women still receive less payment and in some
cases, men are favoured for some jobs (specially management) and women do not have the
same access to financial mechanisms as men, with the same problems arising in access to
education [41].

The bioeconomy is multisectoral, yet the agricultural sector is important as it is the
largest production sector. It has multiple benefits such as economic, employment, and
biodiversity [51]. It will continue to be a firm basis for bioeconomy along with forestry and
fisheries, particularly in the Global South. Nevertheless, it should consider other aspects
in order to move it from the traditional agricultural sector to looking at larger aims that
support the SDGs and sustainability, particularly with regard to adaptation to climate
change. In East Africa, as indicated in the Regional Bioeconomy Strategy [40] and the state
of the bioeconomy [52], food production is still an important and clear objective for the
region. Adding sustainable social objectives may help the region to achieve gender parity
in a shorter time. Adding value to the products and extended value chains that are not just
horizontal but vertical may allow the creation of greater environmental, economic, and
social benefits.

Not achieving gender parity has demonstrated to have a cost. For instance, in Uganda,
it has been estimated that the gender gap in agriculture may be around USD 11M per
year and this gap is due to unequal access for women to key agricultural inputs such as
land, labour, knowledge, fertiliser, and improved seeds [53]. The differences are shaped
by gender roles, land access, economic opportunities, and cultural norms. While women
play essential roles in agriculture, they often face challenges related to land rights, resource
access, and market opportunities. Enhancing support for farming communities through the
acquisition of modern equipment, mechanisation technologies, precision agriculture tools,
and improved access to water for production, alongside investing in infrastructure to boost
market accessibility, optimise food distribution systems, and attract private sector invest-
ment, will significantly expand cultivated land and increase agricultural productivity [54].

Data plays a critical role in advancing gender equality within the bioeconomy, par-
ticularly by highlighting the unique challenges and opportunities faced by women in
agriculture and related sectors. The integration of gender-disaggregated data enables more
informed policy decisions, ensuring that women’s contributions are recognised and that
barriers such as limited access to resources, technology, and land are addressed. In the
bioeconomy, providing women with access to accurate data and tools for decision-making
can foster greater participation in sectors like agriculture, bioenergy, and sustainable re-
source management, ultimately driving inclusive economic growth and environmental
sustainability. This is not just the case for the Global South, as Roos et al. [55] found
out in the Nordic region. As the bioeconomy sector becomes increasingly intertwined
with the male-dominated technology sector, there is a risk of perpetuating existing gender
disparities. The authors argue that without intentional efforts to collect and analyse gender-
disaggregated data, policies may overlook the specific needs and contributions of women
in the bioeconomy. Such data is crucial for identifying barriers to women’s participation,
ensuring equitable access to resources, and promoting inclusive development within the
sector [55].
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The future of the bioeconomy can be improved with more detailed disaggregated data
to provide support for the decision-making process to empower women in the different
bioeconomy sectors.

6. Conclusions and Recommendations
Monitoring systems for the bioeconomy are still under development outside the

European Union and the proposals use various methodologies and types of indicators.
The main message to keep in mind is that the purpose of the bioeconomy is to reduce
greenhouse gas emissions and develop alternative economic and social opportunities
in a new sector, using bioresources as feedstocks or intermediate products. One of the
challenges is gathering data for the assessments. In this paper, a few criteria have been
used to highlight the current situation of this multi-sectoral activity and the challenges it
presents, specifically for women in selected countries in sub-Saharan Africa. The use of the
HSDAB was also included as part of the case study as there are multiple methodologies
and tools to evaluate risks and identify hotspots.

Among the main challenges facing this social sustainability assessments of the bioe-
conomy are the following:

• Lack of disaggregated data and monitoring, even from some of the SDG indicators,
which hinders the findings in some sectors.

• Some of the indicators and indexes are not updated in the SHDB. The databases are
dynamic and not just the data but also the methodologies are updated frequently. That
is the case of the World Economic Forum Global Gender Gap Report. The report of
2021 includes the impacts of COVID-19, which affected economies worldwide, but it
has not been possible to update the SHDB accordingly.

• An additional challenge is the recognition that the bioeconomy is multisectoral, which
therefore also makes it difficult to assess gender and poverty at national level only.
There is a need to combine some primary data, even if it is qualitative, such as through
surveys and interviews.

• Considering the specific characteristics of the region and local population and stake-
holders for the assessment: the bioeconomy is based on biomass and therefore context
must be considered.

• One framework does not fit all contexts but a unified approach to deciding on the
specific indicators may be a better alternative; this is also related to the contextuality,
not just in terms of geographical regions, but also of objectives, production, materials,
and so on.

• The need for reliable data that fulfils the characteristics of a “good” indicator, such
as cost-effectiveness, and has time and spatial significance, along with consistent
collection methods: this should also be decided in terms of the characteristics of
indicators, as previously suggested.

The biggest challenge continues to be how to apply the potential of the bioeconomy to
contribute to a more equal and just society; this may be difficult to achieve, particularly in
the Global South, where the bioeconomy is still emerging.

In addition, issues of governance must be considered alongside policies, regulations,
and standards. There is a need to advance the dialogue on synergies between science,
policy, and the decision-making process.

As a general recommendation, more studies looking at synergies across the sectors of
the bioeconomy and how they could help to gather some gender equity will be necessary
to be conducted to inform international organisations and development agencies. Some
specific recommendations for the agricultural sector include the following:
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• Provide systems that allow women access to funds for agricultural inputs;
• Create mechanisms that support added value to products in the agricultural sector

and access to markets;
• Stimulate the private sector to invest in women in activities and sectors related to

the bioeconomy;
• Increase education and capacity building to assist girls and women in the

Global South.

6.1. Future Research

Additional synergy with qualitative research could benefit the quantitative research
and complementary studies. There are many examples, as indicated in the paper, that
could be explored as case studies to demonstrate the need for disaggregated data spe-
cific to the bioeconomy and bioenergy. Data gathering may be costly but collabo-
ration among organisations and governments may help to reduce the gap regarding
sex-disaggregated data.

6.2. Limitations of the Study

This study is desk-based, which presents certain limitations. Bioenergy and bioecon-
omy data are not readily accessible, necessitating the use of proxy data. Additionally, the
use of the Social Hotspot Database (SHDB), which is not an open-source resource, imposes
constraints, particularly due to the absence of up-to-date information and potential gaps in
local data.
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