Materials Circular Economy (2020) 2: 5
https://doi.org/10.1007/542824-020-00005-z

ORIGINAL PAPER

®

Check for
updates

Circular Economy and Its Relevance for Improving Food and Nutrition
Security in Sub-Saharan Africa: the Case of Ghana

Emmanuel Kwesi Boon' - Samuel Weniga Anuga®?

Received: 31 March 2020 /Revised: 19 June 2020 /Accepted: 29 June 2020 / Published online: 15 August 2020
© The Author(s) 2020

Abstract

Many countries in the world, especially in Sub-Saharan Africa (SSA), are battling with fundamental sustainable development
challenges such as widespread poverty, hunger, food and nutrition insecurity and limited access to vital social services like
education and healthcare. Climate change impacts during the past decades have exacerbated the situation in the region and
pushed several policy-makers, researchers and the international community to vigorously search for appropriate development
models that can help to effectively fix the problems in a sustainable manner. The concept of circular economy (CE) has received
wide recognition as a feasible accelerator of sustainable development in the world. CE is based on three main principles:
controlling finite stock of natural resources and regenerating natural systems; closing loops; and designing out waste.
Employing a mixed methodological approach, the paper examines the importance and relevance of the CE model to SSA, with
particular reference to Ghana. We also used the multiple R or 6R framework (reduce, reuse, refuse, rethink, repair and recycle) to
analyse the circularity of six agricultural crops in northern Ghana. The paper assumes that deploying the CE model to Ghana’s
agricultural sector will result in high efficiency in the exploitation of natural resources, increase in yields, improved quality of
agricultural products, enormous environmental benefits and food and nutrition security. A number of challenges in the applica-
tion of the model to Ghana’s agricultural sector are identified and appropriate recommendations provided for fixing them.
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Introduction and Background

The population of Sub-Saharan Africa (SSA) and its environ-
ment, agriculture and agricultural value chains are very close-
ly inter-linked. Agriculture is the predominant economic ac-
tivity in SSA. According to OECD-FAO (2016), on average,
the agricultural sector’s share in the region’s total GDP in
recent years was 15%. The International Monetary Fund
(IMF) statistics reveal that more than half of the region’s
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labour force is employed in the agriculture sector. In rural
areas, the sector provides several livelihood opportunities for
multitudes of small-scale producers. Smallholding in these
areas constitutes approximately 80% of their main occupation
(FAO 2016; Alliance for a Green Revolution in Africa 2014).
The rapidly increasing population growth in SSA and the
associated increasing consumption patterns are driving de-
mand for food and the expansion of the agricultural land.
Agriculture is suffering from a litany of other challenges in-
cluding the use of outmoded development models, rural-urban
migration, shortage of farm labour, poor infrastructure, inad-
equate access to finance and markets and negative climate
change impacts (Veras 2017; Falola and Mbah 2014).
Agricultural productivity levels in most SSA countries like
Ghana are insufficient to satisfy the growing demand for food
in the region. For many decades, SSA countries like Ghana
have not been able to produce sufficient nutritious food to feed
the increasing population (Lopes and Kararach 2019; Okoye
and FLEAD 2016). Grave economic, social and environmen-
tal challenges are the principal consequences of rapid popula-
tion growth in SSA countries like Ghana. In addition,
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although most of these countries have vast agricultural lands, a
booming energetic young population and a tropical climate to
support productive farming activities, they are largely depen-
dent on imported food. The severity of the food and nutrition
insecurity problem is obvious because by the year 2050, the
world population is estimated to reach 9.7 billion and this will
lead to an increase in demand for natural resources and agri-
cultural products (FAO 2017; Wijkman and Skénberg 2016).
The problem will get worst because most countries of the
world mainly rely on the linear economic model which has
been dominating the world economic system since the indus-
trial revolution (Ellen MacArthur Foundation 2019).
Unfortunately, this model does not take into account the fact
that the world’s natural resources are finite. The rapid deple-
tion of these resources (land, water, forests and ecosystems) to
satisfy increasing demand is creating demand for more sus-
tainably produced alternative products that respect the limits
of available resources. Despite improvements in resource ef-
ficiency in some SSA countries, the intensification of climate
change impacts such as droughts and floods, soil degradation,
decrease in arable land and out-migration of the youth from
rural areas to urban centres is constraining agricultural produc-
tivity and the capacity of most SSA countries like Ghana to
produce enough food to feed the surging populations.

The Problem Under Investigation

Globally speaking, production and consumption of goods and
services in most societies continue to follow the linear econ-
omy approach which is often referred to as the ‘take-make-
dispose’ development model (Ellen MacArthur Foundation
2019). Over the years, the application of this model, which
heavily relies on over-exploitation of natural resources to
boost global economic growth, wealth creation, consumption
and disposal of wastes, is increasingly menacing the earth’s
life support systems. Although agro-cycle agriculture is the
predominant economic activity in SSA, the sector is still un-
derdeveloped and is suffering from outmoded techniques and
inadequate infrastructure and finance (Veras 2017; Agrocyle
2017). The productivity levels of the agricultural sector in
most SSA countries like Ghana are not sufficient to satisfy
the growing demand for food. Consequently, the region is
dependent on imported food although it has a vast and extend-
ed area for agriculture, a booming young population and a
tropical climate to support food production. Another funda-
mental difficulty facing SSA countries is that modern agricul-
tural practices help to worsen climate change impacts which
are increasingly hindering the possibility to feed the popula-
tion (Swilling 2019; Parry 2019). For example, higher tem-
peratures and changes in precipitation patterns in northern
Ghana are causing a reduction in crop yields and the prolifer-
ation of weeds and pests on agricultural lands (Kyei-Mensah
et al. 2019). With the increasing population growth and
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expansion of the middle classes, food production is expected
to increase by 50% by 2050 thereby increasing greenhouse
gas (GHG) emissions (Veolia 2018).

Presently, climate variability is the main cause of short-term
fluctuation in rain-fed agriculture production in SSA and South
Asia and other developing regions (Swilling 2019; Parry 2019).
In addition, unsustainable agricultural practices have depleted the
region’s natural resources over the years. For example, SSA’s
soils are largely unhealthy due to years of nutrition mining and
limited use of organic or inorganic fertilisers. According to the
World Bank (2013), over 80% of Africa’s agricultural lands are
degraded and are estimated to affect 485 million Africans and
this costs the continent nearly US$9.3 billion annually. World
Food Programme (2019) indicated that 821 million people in the
world—one in nine—still go to bed on an empty stomach each
night and worst of all, one in three suffer from some form of
malnutrition. SSA is the region with the highest prevalence of
hunger. One person in four is undernourished (Food Aid
Foundation 2019). High unemployment, poor working condi-
tions, poverty, food and nutrition insecurity, social vulnerability,
widening inequalities and inter- and intra-generational inequities
have become endemic problems in most SSA countries like
Ghana (Boadi and Owusu 2019; Adzawla and Kane 2019). In
addition, climate change impacts are exacerbating the problems
of low agricultural productivity and hunger in most SSA coun-
tries like Ghana. Therefore, eradicating hunger and malnutrition
is one of the great challenges of SSA countries (World Food
Programme 2019). Huge resources and time are invested in food
production but a significant proportion is wasted. According to
FAO (2016), about one-third of the food produced in the world
for human consumption every year—approximately 680 billion
tonnes—gets lost or wasted. Food losses and waste amount to
roughly US$ 680 billion in the industrialised countries and US$
310 billion in developing countries. Food waste in developed
countries is estimated (222 million tonnes) annually, almost
equal to the total net food production of SSA (230 million
tonnes). In the developing countries, 40% of food losses occur
at post-harvest and processing stages, while in the industrialised
countries, more than 40% of losses happen at the retail and
consumer levels. In SSA, the estimated waste is roughly 37%
or 120170 kg/year per capita (FAO 2011). Developing coun-
tries like Ghana need to vigorously pursue the implementation of
SDG 12 which calls for halving per capita global food waste at
the retail and consumer levels and reducing food losses along
production and supply chains (UN 2015).

Objectives and Assumptions of the Paper

The general objective of the paper is to establish the theoret-
ical and practical relevance of the circular economy (CE)
model for promoting sustainable development in SSA and
Ghana in particular. The paper has three specific objectives.
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The first specific objective is to conduct a comprehensive desk
research to establish the relevance of the CE model to improv-
ing the efficiency and productivity of Ghana’s agricultural
sector. Secondly, the paper aims to provide agricultural value
chain actors in northern Ghana with relevant information for
improving the circularity of agricultural products in the coun-
try. In this regard, the value chains of six principal food crops
from three different categories are examined to determine their
circularity levels. The three categories of key food crops are as
follows: (a) cereals (maize, millet, sorghum, rice); (b) tubers
(cassava, potatoes and yams); (c) fruits (mangoes, pawpaw,
watermelon), (d) vegetables (onions, okra, pepper, salad and
tomatoes). The rapid changes in global public opinion and
consumer habits and values relating to food systems particu-
larly make this objective pertinent. Thirdly, the paper investi-
gates the extent to which the CE model can help to facilitate
poverty reduction and enhance food and nutrition security in
three of the five regions in northern Ghana.

Methodology
The Study Location

Ghana enjoys a tropical climate with a dry season starting
from September to April in the southern part of the country
and from October to May in northern Ghana which comprises
five regions. The average annual rainfall in Ghana is about
1200 mm and this should normally be sufficient to grow most
of the staple foods in the country. Even the coastal savannah
belt of the country, which records the least rainfall, has an
average annual rainfall of about 850 mm (Ghana
Meteorological Agency 2016). With the exception of cases
of occasional extreme climatic conditions, which lead to the
destruction of crops, the amount of rainfall is adequate for
most crops but the geographical and seasonal distributions
are uneven. Ghana has three principle types of vegetation:
the coastal savannah, the forest zone and the northern savan-
nah (Wrigley-Asante et al. 2019; Nunfam et al. 2019).

The geographical scope of the paper covers three of the five
regions in northern Ghana (see Fig. 1). The selected regions
are Northern Region (NR), Upper East Region (UER) and
Upper West Region (UWR). These regions are much drier
than the southern part of the country. The vegetation predom-
inantly consists of tropical grassland, especially savannah
with clusters of drought-resistant shrubs and trees such as shea
trees, acacias and baobabs (see Fig. 2). Deforestation, over-
gazing and periodic drought have caused desertification and
soil erosion. Due to its proximity to the Sahel and the Sahara,
northern Ghana experiences severe climate change impacts. It
is characterised by increased temperatures and variability in
rainfall patterns that cause frequent devastating droughts and
floods. According to Nkrumabh et al. (2014), it is the driest part

of'the country and receives 150-250 mm of rainfall per month
during the peak months of the wet season (July to September).
The area experiences a mean annual temperature of about
29 °C with daily variations during the mornings. At night,
humidity averages 95% and drops to about 70% during day-
time between April and October. Consequently, during half of
the year (December to May), successful crop cultivation re-
quires irrigation to guarantee a good harvest.

Although northern Ghana is endowed with abundant land
and water resources, agricultural productivity is very low be-
cause of inadequate access to water resources and appropriate
technologies as well as finance and markets to ensure all-year-
farming activities (Issahaku and Abdulai 2019). The popula-
tion of northern Ghana therefore basically depends on rainfall
to engage in agricultural production. Many communities in
the area face harsh socio-economic conditions due to the se-
vere impacts of climate change and rainfall variability.
Besides surface water resources, northern Ghana is endowed
with limited groundwater resources, especially the Upper East
and Upper West regions (Nyamadi et al. 2012). The Upper
West Region alone has about 1.4 million hectares of potential
farmlands and a high number of rivers and streams, namely
the White/Black Volta, Kulpawn, Sissili, Kulun, Kamba and
several others crises-crossing the region. However, these riv-
ers have not been dammed to make harnessing of the runoff
water possible. Consequently, the flooding and farmlands and
destruction of animals, homes, infrastructure and properties
are perennial experiences. The long dry period of 8 months
(November to July) significantly affects agricultural produc-
tion as most farming activities come to a halt. In other words,
farming activities are done during only 4 months (August—
October) in a year.

Methods and Analysis

A macro-level (regional) approach was adopted in this study
for analysing the circularity of the value chains of the six
principal food crops from three different categories of key
food crops: (a) cereals (maize, millet, sorghum, rice); (b) tu-
bers (cassava, potatoes and yams); (c) fruits (mangoes, paw-
paw, watermelon), (d) vegetables (onions, okra, pepper, salad
and tomatoes) from the raw materials stage to the final product
stage in three of the five regions in northern Ghana (see Fig.
1). According to Saidani et al. (2019), three main methods for
analysing circularity are the Material Circular Indicator
(MCI), the Circular Economy Tool (CET) and the Circular
Economy Indicator Prototype (CEIP). It is important to note
that these methods have their respective advantages and
weaknesses. Ghisellini et al. (2016) observed that the current
CE literature is still infantile and suffering from important
gaps. According to Murray et al. (2017), the lack of integra-
tion of the social aspects into CE is a principal weakness.
Circularity can be measured at three different levels: (a) the
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Fig. 1 Map of study locations
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macro-level refers to an investigation at the scale of the city,
province, region or nation; (b) the meso-level fits with eco-
industrial parks; and (c) the micro-level corresponds to a sin-
gle company or consumer investigations. Clearly, this paper
opted for the macro-level investigation of three of the five
regions in northern Ghana. Considering the infantile state of
the application of the CE model in Ghana, this paper opted to
use the multiple R or 6R (reduce, reuse, refuse, rethink, repair
and recycle) framework for collecting information on the cir-
cularity of the value chains of selected principal food crops in
northern Ghana for analysis and discussion (see Table 1). The
6R framework is embedded in the Ellen MacArthur
Foundation’s butterfly circular economy model which is used
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in conjunction with the three dimensions of sustainable devel-
opment (economic, social and environmental). In addition,
elements such as biomass, use of fertilisers, water use, pest
management, waste food and waste management are used to
determine the circularity of the value chains of the selected six
principal food crops. The adopted macro-regional approach
will facilitate cooperation, coordination and opportunities for
the establishment of regional food hubs in Ghana. The com-
ponents of the 6R framework are summarised in Table 1.
The information was collected in two phases. First of all, a
comprehensive literature search was conducted to collect rele-
vant information from reports, manuals, research papers,
journals, textbooks and Internet sources. The results of the
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Fig. 2 The vegetation zones of Ghana

literature review informed the design of two field data collection
instruments. An interview guide was used to collect information
from policy-makers, experts in socio-economic development,
agriculture and food systems. Secondly, a structured question-
naire facilitated the collection of information from smallholder
farmers and agricultural value chain stakeholders (food sellers,

food processors, distributors, traders, consumers, agribusiness
entrepreneurs, financial institutions, local authorities, traditional
authorities, landowners, researchers and relevant NGO represen-
tatives) on the circularity of selected crops. SPSS version 20 and
MS Excel 2010 programs were used to analyse the prospects and
constraints of the circularity of the value chains of the six crops in
the Upper East and Upper West Regions. The results of the data
analysis are presented with the help of descriptive statistics such
as tables and figures. The qualitative information collected from
the actors of the value chains of the investigated three categories
of crops was subjected to content analysis and the findings
blended with those of the literature review to determine the cir-
cularity of agriculture in northern Ghana. The results of the study
will help to improve decision-making on transforming the agri-
cultural sector in the country and achieving food and nutrition
security and combating poverty reduction in northern Ghana and
the country in general.

Conceptual Framework of the Paper: Circular
Economy Model

The disastrous impacts of the linear economy approach
catalysed the search for sustainable development models
which intensified during the 1990s. The development of the
CE model can be traced back to many years and places in
history as well as many authors in China, the USA,
Germany and the Club of Rome. However, it is the
McKinsey (2016) study on the next evolution in global
socio-economics that made the CE concept a reality and a
practice for promoting global sustainable economic

Table 1 Explanation of the

Explanation of the principles of the 6R framework

principles of the 6R framework No.  Principles of the multiple R

(6R) framework

1 Reduce

2 Reuse

3 Refuse
Rethink

5 Repair

6 Recycle

Reduce represents the endeavour of eco-efficiency in production
(Simone et al. 2000) and consumption. Eco-efficiency is a business
framework and goal that aims at generating value while decreasing
environmental impact (Huppers & Ishikawa, 005, p. 1)

Reuse is the design of products and business models that promotes a
cyclical sequence (Ghisellini et al. 2016). It allows for
re-manufacturing or repairing thereby reducing transportation and
packaging (Stahel 2013).

Refuse refers to not buying materials and products that are unsustainable.

Rethink relates to current lifestyles and the way we design and make
products.

Repair implies repairing a product to enable it to be continuously used
instead of throwing it away.

Recycle refers to any recovery operation by which waste materials are
reprocessed into products, materials or substances, whether for the
original or other purposes (Ellen MacArthur Foundation 2015;
European Commission 2015; Ghisellini et al. 2016).

Source: Compiled by Authors, 2019
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development. Since 2009, the Ellen MacArthur Foundation
(2013) has focused on educating and supporting CE efforts
worldwide. The principal objective was to achieve maximum
efficiency in resource use while keeping the production of
wastes and pollutants to a minimum. CE has been defined
differently by various writers. It is sometimes called the ‘re-
duce-reuse-recycle’ model in contrast with the current ‘take-
make-dispose’ model. The most widely known definition of
CE is that of the Ellen MacArthur Foundation:

Looking at the current ‘take-make-dispose’ extractive in-
dustrial model, the circular economy is restorative and
regenerative by design. Relying on system-wide innova-
tion, it aims to redefine products and services to design out
waste, while minimizing negative impacts. Underpinned
by a transition to renewable energy sources, the circular
model builds economic, natural, and social capital.

As Fig. 3 depicts, the development of the CE system is a move
away from the traditional linear economy model which has not
been effective with increasing levels of wastes not being
recycled and ending up in landfills, incinerators and open

OUTLINE OF A CIRCULAR ECONOMY
PRINCIPLE

1

Preserve and enhance
natural capital by controlling
finite stocks and balancing
renewable resource flows
ReSOLVE levers: regenerate,
virtualise, exchange

Regenerate
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g/collection’
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feedstock

PRINCIPLE

2 Regeneration

Optimise resource yields

by circulating products,
components and materials
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at all times in both technical
and biological cycles
ReSOLVE levers: regenerate,
share, optimise, loop

Biosphere
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Extraction of
biochemical
feedstock?

PRINCIPLE

3

Foster system effectiveness
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out negative externalities
All ReSOLVE levers

Fig. 3 Outline of a circular economy
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and use things within planetary boundaries (Ellen MacArthur
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Unlike the traditional linear production (‘take-make-dis-
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products and then wastes that are disposed of indiscriminately,
the CE model allows circular businesses to ‘close the loops’ in
supply chains by reusing end-of-lifecycle products as raw ma-
terials, sharing idle resources, using renewable resources or
extending the product lifecycle (Wyman 2017). CE model
aims to have no net effect on the environment, to reduce nat-
ural resource use and waste production and to effectively re-
duce the wastes and process them into valuable co-products.
The key principles of CE include the 6R framework (reduce,
reuse, refuse, rethink, repair and recycle) (Jawahir et al. 2006).
It is a mechanism for transitioning growth into positive bene-
fits for the environment, the economy and society. The CE
model enhances economic development that ‘promotes coor-
dination and harmony of man and nature’. According to the
Ellen MacArthur Foundation (2015), the deployment of CE
solutions would reduce the world’s raw material needs and
boost global employment and economic growth.
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The main idea of CE is that rather than discarding products
before the values are fully utilised, we should use and reuse
them. Presently, only a small percentage of the original values
of products are recovered after use. Decoupling growth from
resource constraints is a powerful characteristic of the CE
model. However, Ghisellini et al. (2016) observed that the cur-
rent CE literature is still infantile and suffering from important
gaps. As is illustrated in Fig. 4, CE starts with the circular design
of the main stages of a product’s life cycle (Geisendorf and
Pietrulla 2017). Transportation should be designed to support
circularity at all stages, and the product has to be designed in a
way to enable circularity at all stages. This micro-perspective is
embedded in meso- and macro-perspectives, which allow
realising additional circularity, possibly through synergies. The
meso- and macro-levels also require a circular design and coor-
dination and form the core elements of a CE. Surrounding this
core are framing conditions enabling the transition to a CE and
considering the feasibility of a project. Measuring the degree of
circularity attained by a project requires appropriate tools. The
business model perspective investigates feasible initiatives and
informs about their profitability. Following is a focus on policies
needed to support not (yet) profitable CEBM through laws, in-
frastructure or financial support. Finally, a project should be
checked for its sustainability implications, for example, with
regard to social sustainability.

Relevance of Circular Economy
to Sub-Saharan Africa

CE is relevant for SSA countries like Ghana because it pro-
motes the design of products and services that minimise

Fig. 4 Circular economy
framework. Source: Geisendorf '
and Pietrulla (2017) , Policy

resource depletion, waste and environmental degradation.
Furthermore, CE would enable Ghana to reduce her depen-
dence on imports and stimulate economic growth by creating
new jobs and spurring the development of green technologies.
It will also enable individuals and enterprises to move out of
their boxes, create partnerships and learning platforms. In oth-
er words, CE provides a framework to challenge and guide
society and development actors to reflect and craft appropriate
development strategies (WEF 2014). Fortunately, CE princi-
ples are already widespread in developing countries like
Ghana. Thiaw (2017), Deputy Director for the UN
Environment Programme, confirmed the relevance of CE to
developing countries at the World Circular Economy Forum
in June 2017 thus:

Developing countries are circular economy experts. For
instance, shoes are repaired three or four times.
Repairing is part of the DNA of developing countries.

During the past few years, some African countries like
Rwanda, South Africa and Nigeria are leading the promotion
of CE in the continent. In cooperation with the World
Economic Forum and the Global Environment Facility, they
launched the African Circular Economy Alliance (ACEA) in
2017 to spur Africa’s transformation to a circular economy (da
Silva 2018; WEF 2014). The aim of this initiative is to pro-
mote economic growth, increase jobs and positive environ-
mental outcomes for Africa. The opportunities CE provides
for enhancing industrial symbioses have been highlighted by
many experts. The alliance promotes the learning of the best
practices and cases of the countries and connects public and
private sector leaders from across the continent to drive the CE
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model (Berg et al. 2018; Canning et al. 2015). In addition, an
NGO called the African Circular Economy Network (ACEN)
has been established to help build restorative African econo-
mies that generate wellbeing, prosperity and environmental
benefits. Furthermore, an international conference on
‘Circular Economy Opportunities in Ghana’, which was
hosted by the EU at the Labadi Beach Hotel in Accra,
Ghana, in February 2019, confirmed the relevance of CE for
up-scaling economic opportunities as well as social and envi-
ronmental benefits for the country (EU 2019). The conference
affirmed that transiting to a CE will enable the values of prod-
ucts, materials and resources to be maintained in the economy
for as long as possible, the generation of waste minimised and
a more sustainable, low carbon, resource-efficient and com-
petitive economy achieved. The conference therefore recom-
mended that CE should be an integrated part of the develop-
ment policy of Ghana.

Requirements for Transiting to Circular Economy

Significant efforts at the local, national, regional and glob-
al levels are required before Ghana can transition to a cir-
cular economy. The government, enterprises and the gen-
eral public need to implement the RESOLVE framework
which comprises the following actions: regenerate, share,
optimise, loop, visualise and exchange. These actions are
summarised below:

a Regenerate: Shift to renewable energy and materials; re-
claim, retain and regenerate the health of ecosystems; and
return recovered biological resources to the biosphere.

b Share: Allow for maximum utilisation of products through
sharing of privately owned products with colleagues or
sharing of public products; reuse them through their tech-
nical life spans; and prolong those life spans through main-
tenance, repair and design for durability. Examples include
car-and home-sharing business models.

¢ Optimise: Enhance the performance and efficiency of
products; remove waste from their supply chains; and
leverage big data, automation and remote sensing.
None of these actions requires changing products or
technologies.

d Loop: Keep components and materials in closed loops and
prioritise the inner ones. For finite materials, this implies
re-manufacturing products or components and (as last re-
sort) recycling materials. With renewable resources, anaer-
obic digestion and biochemical extraction from organic
waste is achieved.

e Virtualise: This is through smart systems like virtual of-
fices, online shopping, fleets of autonomous vehicles and
utility books or music.

@ Springer

f Exchange: Old materials are replaced with renewable ones;
new technologies introduced or applied. These actions re-
inforce and accelerate the performance of others.

Circular Agriculture for Increasing
Productivity and Food and Nutrition Security
in Northern Ghana

A feasible way to effectively fix poverty and food and nutri-
tion insecurity in Ghana is to systematically deploy the CE
model in agriculture. The application of the model to agricul-
ture is referred to as ‘circular agriculture’ (CA) which centres
on the production of agricultural produce using minimal
amounts of external inputs, closing nutrient loops and reduc-
ing negative discharges into the environment in the form of
wastes and emissions (AgroCycle 2017). CA simply implies
the application of the principles of CE to agricultural produc-
tion. It is a new concept and an improved approach to agricul-
ture that addresses the needs of populations, resources and the
environment in a coordinated way (Lovins 2019).
Wageningem University (2018) defines CA as:

Circular agriculture is a collective search by farmers,
interested citizens, businesses, scientists and researchers
for the optimum combination of ecological principles
with modern technology, with new partnerships, new
economic models, and credible social services. It not
only focuses on good yields and the sparing use of re-
sources and energy, but also stresses the importance of
putting as little pressure on the environment, nature and
climate as possible.

Key Characteristics of CA

The characteristics of CA are in line with the concept of ex-
tension of product chains and resource conservation. The key
tenet of CA is to utilise agricultural biomass often and as
effectively as possible. It also implies the avoidance of bio-
mass degradation and the associated production of carbon
dioxide, nitrous oxide and methane. CA therefore offers op-
portunities for reducing GHG emissions in the agricultural
sector (Wageningem University 2018). CA combines the best
traditional practices with the finest science to deliver abun-
dant, sustainable and high equality life to the world’s popula-
tion (Cheng et al. 2019). Some practices of CA include organ-
ic manuring, crop rotation, cover cropping and leguminous
crops (Schroeder et al. 2019; Antoniou et al. 2019). In addi-
tion, organic agriculture uses bio-diverse systems that focus
on a longer view of production, and not maximising yields in
any 1 year, but ensuring increasing yields over many years
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and decreasing chances of future crop failures. Farms using
crop rotation and animal manure deliver improved biodiversi-
ty than fields using industrial practices. Farms that integrate
livestock rearing into vegetable production, use of perennial
pastureland and organic production deliver higher profitability
while creating the circular economy of the soil (Zucchella and
Previtali 2019). They also ensure farm workers’ safety and
investments that sustain farming communities.

According to Lovins (2019), the regenerative economy is
dependent on the circular economy of soil, which is one of the
key natural capitals both humans and wildlife depend on.
Three ways to move towards regenerative agriculture are as
follows: (a) return farming systems to harmony with nature’s
cycles; (b) make and use biochar; and (c) implement holistic
management across the world’s grasslands. SSA countries
like Ghana will gain enormously if they systematically deploy
the CE and CA models throughout their economies. CA per-
mits optimal allocation of resources and efficient use of wastes
and keeps negative environmental impacts to a minimum
(Lovins 2019). It is the route to food and nutrition security
in northern Ghana. The African Heads of States and
Governments’ decision at Addis Ababa in 2011 to mainstream
ecological organic agriculture into the agricultural systems of
all member nations by 2020 is in the right direction (African
Union 2015). It is also important to mention that AU’s
Strategic Plan for the Ecological Organic Agriculture
Initiative (OEA) from 2015 to 2025 is a tacit recognition of
the huge potential benefits of CA to the continent:

The Ecological Organic Agriculture has experienced en-
couraging growth over the past few years. The acreage
of land in Africa under organic agriculture and the con-
cern for our ecosystems and biodiversity continues to
increase.

CA can lead to an extensive restoration of grasslands in north-
ern Ghana and re-establish soil integrity and biodiversity. CA
can also contribute to stabilise climatic conditions, restore a
balanced hydrological cycle and create meaningful jobs in
rural communities (Lovins 2019). It can increase the produc-
tivity of smallholder farmers without the use of synthetic
fertilisers and promote the circular economy of soils, re-
establishing the symbiotic balance between healthy soils and
animals.

Results and Discussion

The literature review findings abundantly indicated that the
UN Sustainable Development Goals (UN 2015) were de-
signed to motivate and facilitate the world economies to ad-
dress major challenges faced by society and the environment
(Kapoor et al. 2020; Toop et al. 2017). Relevant to most of the

SDGs is the underlying principle of optimum and responsible
usage of resources for purposes leading to a convincing tran-
sition to a CE (Antoniou et al. 2019). In most SSA countries
like Ghana, ample opportunities exist for transition to CE.
This paper examined cross-cutting issues of CE in SSA’s ag-
ricultural sector using Ghana as a proxy. A number of funda-
mental challenges are hindering this transition in the country
which have been identified and discussed in the paper. Table 2
and Fig. 5 indicate that the lack of understanding of the con-
cept by most agriculture value chain actors is one of the key
problems. A majority (63.0%) of the respondents have not
heard of the CE concept. Fifty (50.0) percent hold the view
that CE is relevant to Sub-Saharan Africa while more than half
(55.7%) do not believe that agricultural actors in Ghana can
put CE into practice. The fact that 50% of the stakeholders
surveyed did not have any idea about the concept is illustrative
of the CA deployment difficulties in the country.

Agricultural value chain stakeholders in Ghana do not
have defined CE approaches and/or practices and this im-
plies inadequate knowledge of the concept and potential
implementation challenges. The finding that 50% of the
respondents had no idea of what CE means backs the fact
that their knowledge of CE is very low. Few (16.7%) of
the respondents think CE is merely the avoidance of over-
dependence on natural resources, reduction of waste pro-
duction (13.9%) and use of composting (11.1%).
Inadequate knowledge and understanding of CE/CA may
significantly impede an effective deployment of the con-
cepts in the future on agriculture, food and nutrition se-
curity and poverty. Understanding of the CE concept is as
important as implementing its principles. Growing litera-
ture indicates that the linear economic model is still the
common practice in most African countries (Secco et al.
2020; Junjie et al. 2011).

However, the majority of the policy-makers and experts of
socio-economic development, agriculture and food systems
were quite knowledgeable about CE. A representative of the
Ministry of Food and Agriculture (MoFA) viewed CE to en-
tail a gradual decoupling of economic activity from the con-
sumption of finite resources and designing waste out of the
system. Another expert explained the concept thus:

Table2 Knowledge and understanding of CE

CE statements Yes (%) No (%)

Heard of CE concept 37.0 63.0
CE is relevant to Sub-Saharan Africa 50.0 50.0
Agriculture actors can put CE into practice 55.6 44.4
Agriculture actors put CA into practice 443 55.7

Agriculture actors understand the principles of CA  72.2 27.8
Agriculture actors effectively practice CA principles 33.0 67.0
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M Reuse of waste produced

B Avoid overdependence on
natural resources

Avoid waste production
Composting

H No idea

Fig. 5 Respondents’ explanation of CE

CE is looking beyond the current take-make-waste extrac-
tive industrial model, a design out waste and pollution. It
inculcates strategies to design out waste and pollution,
keep products and materials in use and regenerate natural
resources. Even though the idea is excellent, the agricul-
tural sector has not yet been able to adopt the principles
very well (interviewee 1; Ministry Representative).

In order to verify the extent to which the CA model is being
deployed by agricultural stakeholders to achieve socio-
economic development, resource efficiency and environmen-
tal protection, the paper used the 6R (reduce, reuse, refuse,
rethink, repair and recycle) framework. As is shown in
Table 3, only reduce (mean=4.271) was most practised by
the surveyed agricultural value chain actors. Reuse (mean =
2.80), refuse (mean = 2.36), repair (2.69) and recycle (mean =
2.22) had unsatisfactory performance, whereas rethink
(mean = 1.88) had a poor score. To promote circularity in
agriculture, the network of functions from the farmers, mar-
keters and manufacturers to consumers is essential. This will
help to reduce the volumes of exiguous or non-renewable
resources and materials and production of wastes throughout
the life cycle of agro-products. The intensification of agricul-
tural circularity in Ghana mainly focuses on waste reduction.
Prevailing cultural norms in rural communities and even
among the elite groups constitute a bane to the practice of

Table 3 Application of circular agriculture principles by agriculture
value chain stakeholders

Principles Mean Std. deviation Std. error
Reduce 4.72 1.23 0.20
Reuse 2.80 1.03 0.17
Refuse 2.36 1.15 0.19
Rethink 1.88 0.66 0.11
Repair 2.69 1.26 0.21
Recycle 222 0.10 0.10

Scale: 1 =poor performance, 2 = unsatisfactory, 3 = fair performance,
4 = good performance and 5 = excellent performance

@ Springer

reuse. For example, the reuse of a resource may make one
look poor, lazy or foreign in the eyes of the community.
Recycling helps the completion of a product and its function
to become re-available rather than useless garbage. Practically
speaking, recycling is an efficient way to achieve agriculture
circularity. However, the deployment of this concept by most
agricultural value chain actors in Ghana is severely challenged
by a lack of know-how and capacity. An effective mechanism
for achieving agricultural circularity in the country is to devel-
op and implement appropriate policies and strategies that pre-
vent waste and negative climate change impacts (Hanumante
etal. 2019; Xi 2011).

At the farm level, we tracked already existing CA practices
among rural farmers. The outcome indicates that some forms
of CA innovations are being employed by farmers but at a
lower scale. The CA innovations were disaggregated into lo-
cal CA practices driven by indigenous knowledge and local
innovations driven by NGO-led initiatives. Even though some
of the CA innovations were not entirely new, their implemen-
tation was enhanced by NGOs. Figure 6 shows that mulching
(layer of material applied to the surface of the soil to increase
moisture) and mixed farming (a combination of livestock and
crops on the same farm) were driven by indigenous knowl-
edge. Actually, the preservation of traditional forms of farm-
ing knowledge and practices in Ghana helps to maintain bio-
diversity, enhance food security and protect natural resources.

Residue management (dropping of residue on farmlands)
and organic manure (use of plant and animal manure on
farms) were common practices of smallholder farmers in the
study locations. Backyard gardening is also popular but the
planting of cover crops is fading out of local farming systems.
With regard to NGO-led CA practices, solar mechanisation
(solar farming) was the least promoted CA technique.
According to Adenle (2020) and Amankwah-Amoah (2015),
solar mechanisation aims to accelerate the transformation of
agriculture and food systems in Africa. The low promotion of
solar farming in northern Ghana is probably due to the inabil-
ity of most smallholder farmers to acquire and deploy
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Fig. 6 Indigenous CA
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renewable energy technologies. However, this technology
presents a great opportunity for transforming agriculture in
the area. As is illustrated in Fig. 7, the promotion of agrofor-
estry, rainwater harvesting and introduction of farmers to
drought-tolerant crops are some of the principal CA practices
promoted by NGOs.

The results of the field investigations also indicated that
CA is backsliding in Ghana because of a number of funda-
mental challenges, including inadequate financial capacity
(see Table 4). Obviously, attaining circularity in agriculture
is expensive and particularly difficult to achieve from the ini-
tial stages in SSA countries like Ghana. A successful deploy-
ment of CA in the country requires education, capacity build-
ing, transfer of knowledge and technology, human resources
and policy changes and/or adjustments. In 2019, Ghana esti-
mated 150 million USD for financing sustainable agriculture
and transforming the sector. However, about 95% of this bud-
get was expected to come from foreign sources. As Assibey-
Yeboah (2019) and Donkor (2019) rightly pointed out, this
financing strategy is likely to hinder the country from achiev-
ing her agriculture circularity ambitions. For example, agri-
cultural practices like the use of fertiliser, waste water treat-
ment, waste food management and bioenergy are too expen-
sive for most agricultural value chain stakeholders, and in
some cases, the relevant technologies are not available.
Inadequate participation by the stakeholders is also a major
obstacle to achieving the transition to CA in Ghana. For ef-
fective deployment of CE/CA in the country, the principle of
industrial symbiosis must be operational to motivate action.
The haphazard manner in which enterprises are located in the
country makes industrial symbiosis difficult to realise.
Moreover, most industries in the country have not fully
realised the need to work together, to share information and
resources. An industrial expert aptly captured the situation
thus:

The CE concept is the best to achieve environmental and
economic objectives. The challenge is the location of
industries in the cities which makes it difficult for the
system to operate. The industries are dispersed and

NGO led CA
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Fig.7 NGO-led CA

located several miles away from each other. Industrial
operators feel reluctant to go for each other’s waste be-
cause of the high transportation costs. The closer the
location, the easier it would be for transfer of waste from
industry to industry (interviewee 2; industrial expert).

Notwithstanding the myriad of challenges hindering
Ghana’s transition to CA, the majority of policy-makers and
experts interviewed during the field survey acknowledged that
the model has great potential to generate enormous economic,
social and environmental benefits and thereby help to promote
sustainable development in the country. The economic bene-
fits derivable from the model include low cost of production
and marketing of agricultural goods. Adapting the 6R princi-
ple will ensure an efficient and effective use of natural re-
sources. For instance, agricultural waste from farms could be
used by industries to produce organic fertiliser to facilitate
intensification of agriculture. Again, livestock rearing can pro-
mote bioenergy production through methane capture and ma-
nure management and thereby provide cheaper sources of
farm energy (Table 5).

In addition, agro-processing firms will be able to provide
various forms of livelihood diversification for farmers and
income generation opportunities. From a socio-cultural per-
spective, CA can effectively influence poverty reduction, food
and nutrition security, empowerment of vulnerable groups,
quality healthcare and social wellbeing. For example,
Kapoor et al. (2020) and Toop et al. (2017) argue that circu-
larity does not only focus on profitability but is very relevant
for promoting wellbeing and sustainable development. The
deployment of the CA model will help to improve agricultural
value chains and provide ample opportunities for empowering
vulnerable groups and the development of rural communities.
A massive application of the CA principles in Ghana will also
help to deliver significant environmental benefits such as sus-
tainable management of natural resources, efficient waste

Table 4 Challenges faced by agricultural value chain stakeholders in
Ghana

Challenges High Moderate Low WAI Rank

Inadequate financial capacity 31 2 1 1.72 1

Lack of CA technology 29 2 2 142 2

Relatively new to the culture 27 5 1 1.09 3

Inadequate stakeholder 24 5 4 0.88 4
participation

Low level of government 22 8 3 054 5
investment

Inadequate education on the 19 10 4 042 6
concept

WAI weighted average index

@ Springer
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Table 5 Benefits of CA

High Moderate Low WAI Rank

Economic Benefits

Low cost of productivity 20 7 6 1.82 1

Increase farmers income 18 9 6 0.53 2

Livelihood diversification 16 10 7 0.52 3

Promote saving culture among farmers 13 11 9 0.32 4
Social benefits

Poverty reduction 24 6 3 1.87 1

Improve health and social wellbeing 22 10 1 1.04 2

Promote food security 18 11 4 0.80 3

Empowerment of vulnerable groups 16 13 4 0.73 4
Environmental benefits

Natural resources protection 27 3 1.72 1

GHG emissions reduction 25 4 2 1.22 2

Waste management 22 8 3 0.90 3

WAI weighted average index

management and reduction in greenhouse gas (GHG) emis-
sions. CA is projected to promote a carbon-neutral society and
significant socio-economic development over the years. A
non-governmental (NGO) representative interviewee had this
to say:

For me, working in rural communities to empower
farmers’ circular agriculture activities has many benefits
including increasing productivity, generating more in-
come and keeping the environment clean. Yes, it is
sometimes difficult for farmers to understand.
However, connecting them with other value chain actors
will enable them to easily operate within the circularity
principles (interviewee 3; NGO expert).

Conclusion and Policy Implications

Circular agriculture (CA) is an express approach to transform
economic growth and environmental sustainability in the
world. CA presents ample opportunities for effective natural
resources management and reduction in waste and pollution.
Therefore, up-scaling and out-scaling CA principles in Ghana
can significantly lead to socio-economic transformation of the
country and motivate strong action on ensuring environmental
sustainability. However, the results of the field survey con-
ducted for writing this paper clearly indicated that achieving
CA ambitions in Ghana may be complicated and hindered by
the current limited stakeholders’ knowledge of the concept as
well as their inadequate financial capacity and low participa-
tion rate. The CA principles of reuse, refuse, rethink, repair
and recycle are not well incorporated into the activities of
agriculture value chain actors partly due to inadequate

@ Springer

education on the concept. In other words, the practices of the
linear economy model are still predominant in Ghana’s agri-
cultural sector. Without effectively promoting proper under-
standing and knowledge of the model and methods of deploy-
ment, it would be quasi impossible to achieve circularity in
Ghana’s agricultural sector and to enjoy the expected econom-
ic, social and environmental benefits. The key challenges hin-
dering Ghana’s transition to CA identified by the majority of
the interviewees included inappropriate policies, inadequate
human, institutional and financial capacities, lack of CA tech-
nologies and poor stakeholder participation. It is interesting to
note that in a few areas where CA principles are effectively
practised, maximum benefits were derived. For example, veg-
etable farmers in Navrongo in the Upper East Region are
enjoying low cost of production, increased incomes and op-
portunities for livelihood diversification and preservation of
biodiversity. In addition, the deployment of CA principles has
positively influenced poverty reduction, improved health and
social wellbeing, food security and empowerment of agricul-
tural stakeholders in a number of communities in the study
locations.

In order to redress these challenges, it is necessary to scale
up the deployment of the concept and its practices through
well-thought-out policy, strategies and concrete actions on
the ground. First of all, the existing top-down approaches to
agriculture and national development should be replaced by
appropriate bottom-up strategies across all regions in the
country. Adapting bottom-up approaches to create awareness
across the entire agricultural value chains in the country and
increase financial investment in the sector needs to be broad-
ened and made more attractive. In addition, it is recommended
that the government, civil society organisations and NGOs
should intensify their education and capacity building
programmes on the deployment of CA in the country. The
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CA model should be presented as a comprehensive national
sustainable development paradigm and the private sector, civil
society organisations and individuals in the country actively
encouraged and incentivised to apply the model and ensure
the realisation of the expected economic, social and environ-
mental benefits for the population. Existing traditional agri-
cultural practices such as agroforestry, crop rotation, mixed-/
inter-cropping, polyculture and water harvesting will help to
facilitate the deployment of CA in Ghana. Finally, accelerat-
ing the country’s transition to CA and establishing a sustain-
ability trajectory require vibrant international collaborations
that ensure the transfer of appropriate technologies and tech-
nical assistance supports agricultural value chain stakeholders.

While this paper generated interesting findings, it has a
number of inherent limitations that should be addressed by
future researchers working on the subject. The paper’s first
principal limitation is its exploratory nature and limited geo-
graphical scope to northern Ghana. These two constrains
make generalisation of the results of the paper to the whole
country unrealistic. Secondly, the non-availability of data on
CA practices in the study locations did not permit rigorous
quantitative analysis. Most of the agricultural value chain
stakeholders including the agro-processing enterprises did
not have databases on their operations. It is therefore recom-
mended that in-depth cross-sectional and comparative studies
should be conducted in the country to establish the knowledge
on CA and to broaden its deployment across the value chains
of the principal agricultural crops and products.
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