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Abstract

The aim of this article is to analyze how the concept of circular economy and espe-
cially the business model of industrial symbiosis can contribute to sustainable devel-
opment in Uganda. We aim to add to emerging debates around green industrial poli-
cies by shedding light on a low-cost solution that can potentially promote a more
sustainable industrialization in the Sub-Saharan African context. After sketching the
regulatory and policy environment in Uganda, three indicative examples of indus-
trial symbiosis in Uganda are analyzed, based on the result of field research and an
online survey. We have found significant mismatch between the supply side of green
industrial policies in Uganda (government aims and measures), and the demand
side, what local green entrepreneurs would need to improve their competitiveness.
Only an incentive and regulatory framework, that takes into account local specifici-
ties, builds upon the exploration of existing local good practices and incorporates
bottom-up initiatives can successfully promote green development in low-income
economies.
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1 Introduction

The recent multiple crises—in the aftermath of the Global Financial Crisis and
more recently the energy and food crisis as a consequence of the Russian war
in Ukraine—have led to a renaissance of state interventionism in the economy
throughout the world (Mazzucato 2021). Consequently, industrial policy is once
again back at the agenda of academic and policy debates (Chang and Andreoni
2020), though with a rather extended concept and scope. This re-designed and
re-conceptualized new industrial policy aims to “steer a sustainable structural
change of our economies and societies towards sustainable human development”
(Ferrarinni et al. 2021:1). We aim to contribute to this debate by focusing on
green industrial policies, with a special emphasis on the circular economy and
industrial symbiosis, to better understand its potential role to promote a more sus-
tainable development in the Sub-Saharan African context.

Given the dynamic population increase and the changing individual consumer
behavior, Africa is projected to double its ecological footprint by 2040, and the
continent’s footprint already exceeds the biocapacity within its borders (AFDB-
WWEF 2012). External funding is often tied to pursuing greener development
pathways. Taking into account Africa’s swiftly depleting resources and donor
pressure, the new generation of African industrial policies must accomplish their
goals of moving up the global value chains and domestic employment creation in
a sustainable manner. In this paper, we agree with the argumentation of Rodrik
(2014) that goals associated with environmental sustainability require the promo-
tion of green technologies and business models via the tools of industrial policy.

Nevertheless, in poorer countries, and especially in the Sub-Saharan Afri-
can context, the costly nature of most green solutions in industrialization casts
doubt on the viability and feasibility of implementation. Looking at some local
practices—based on our field research in May 2021 and June 2022—we are con-
vinced that low-cost, high-impact solutions exist and can contribute to changing
the mindset of local policy makers and entrepreneurs and setting industrialization
on a sustainable pathway. The study focuses on industrial symbiosis, since it rep-
resents a relatively cheap variant compared to other models of circular economy
(Bocken et al. 2016) and high-tech green technologies. Industrial symbiosis can
be facilitated by good coordination and networking among already existing busi-
nesses, and it is not necessarily dependent on huge investments in equipment and
technology (like most other green solutions). Consequently, our article aims to
formulate green industrial policy recommendations to support initiatives similar
to our case study examples, which can, therefore, promote the spread and applica-
tion of (already existing) good practices, thus contributing to the realization of
sustainable, green development in the context of less developed countries.

The article is structured as follows. First, we situate green industrial policy into
contemporary context and understanding, then outline its main areas and tools.
Second, we present the concept of circular economy and introduce the industrial
symbiosis (IS) model while also highlighting potential policy tools to promote
it. In the empirical part, first, we sketch the current regulatory environment in
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Uganda, and then three indicative examples of industrial symbiosis in Uganda
are presented and analyzed. Finally, we conclude and formulate some industrial
policy recommendations.

2 Green industrial policy

Before extending on green industrial policy and its policy tools, it might be worth to
recall the classic interpretation and rationale of industrial policy (IP), as well as the
related debates and critics. In a rather general vein in this paper, we refer to indus-
trial policies as the totality of the government interventions in the economy, which
aim to promote the structural transformation of the economy and thereby increase
its productivity. The theory and practice of industrial policies go back to centu-
ries. The classic theoretical rationale for state interventions was grouped around
the arguments of infant industry, strategic trade and national security, while critics
were mostly related to risks of adverse selection and rent-seeking. Notwithstanding,
before the global financial crisis of 2007-2009, industrial policy was generally con-
sidered an outdated concept among the representatives of mainstream economics.

In terms of practical examples, most often cited cases go back to the East Asian
developmental states in the post-war period (Amsden 1989; Johnson 1982; Wade
2014) . Many countries followed suit during the mid and late twentieth century, not
only in the Asian region but also in Latin America and Africa. Starting from the
2000s, China’s industrial policy aspirations can be highlighted (Barwick et al. 2019;
Naughton 2021), while more recently the concept of developmental environmental-
ism recalls and extends East Asian developmental state traditions to analyze state-
led green transition (Mathews et al. 2022). However, in the 5 years following the
global financial crisis, more than 84 countries around the world adopted official, for-
mal industrial policy documents (WIR 2018). As a result, the analysis and practice
of industrial policy interventions returned to mainstream thinking and, instead of
being the common practice of some latecomer peripheral countries, it has now also
entered the economic policy toolbox of developed economies.

Accompanying this recent revival of IP practices, numerous scientific works indi-
cate the renaissance of industrial policy in the international academic literature (see
among others: Aiginger and Rodrik 2020; Bailey et al. 2015; Bulfone 2022; Chang
and Andreoni 2020; Cimoli et al. 2009; Klebaner and Voy-Gillis 2022; Oqubay et al.
2020; Wade 2014). One commonality in this line of research is that new industrial
policies are needed to address new, global and intensifying challenges of sustainable
development. At the same time, reflecting changes in the structure of the economy
and the (global) organization of production, also the scope and delineation of new
industrial policies have been altered, and in fact broadened into new territories, new
aims and potentially new tools and areas of interventions. To put it short, this re-
designed and re-conceptualized new industrial policy aims to ‘““steer a sustainable
structural change of our economies and societies towards sustainable human devel-
opment” (Ferrarinni et al. 2021:1). It is not just that the boundaries of the indus-
trial sector got more blurred (reaching far beyond manufacturing, and inclining into
services and even agribusiness), and its geographical relevance goes beyond the
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“special cases” of latecomer economies, but also its objectives got much more com-
plex. Beyond the economic aims of structural transformation, upgrading and related
objective of increasing productivity, new IP contains among others the aspects of
social inclusion and environmentally sustainable development.

In this study, we focus on the latter, namely, green development and the conse-
quent need and potential of green industrial policies. The need to recognize the eco-
logical limits of development and take these into consideration is not new in eco-
nomic thinking (Meadows et al. 1972). This issue has been revitalized; however,
more recently due to newly emerging and intensifying global pressures. It became
also evident, that contemporary late developers, such as Sub-Saharan African econ-
omies, cannot follow the classic model of industrialization, based on the experiences
of industrialized countries, applying the traditional, fossil fuel-intensive and linear
model of resource use. A potential answer to all these challenges might be provided
by the concept of green growth and development.

Green growth is defined by Rodrik (2014:469) “as a trajectory of economic
development that is based on sustainable use of non-renewable resources and that
fully internalizes environmental costs, including most critically those related to
climate change.” Furthermore, he argues that green growth requires green tech-
nologies, “production techniques that economize on exhaustible resources and emit
fewer greenhouse gasses” (ibid).

Accordingly, the green industrial policy shall focus on the following two dimen-
sions: reducing CO2 emissions and increasing the resource efficiency of the indus-
try. As long as in the context of more developed economies, academic, and political
debates are primarily dominated by the former, i.e., concerns about global climate
change and CO2 emissions, for latecomers and less developed economies the per-
spective of green growth focuses much more on the latter issues related to energy
and resource security and efficiency (Mathews 2020:269). In other words, in the
case of less developed, late-industrializing countries, the driving force in the transi-
tion to green growth and development may not be the correction of market failures
but the exploitation of new market opportunities.

Consequently, during the process of defining green growth and green industrial
policies, one has to take into account both the productivity criterion and the resource
efficiency clause since only their joint implementation can reasonably contribute
to sustainable development. While the former emphasizes the higher productivity
achieved through economic restructuring in order to increase economic growth and
improve social well-being, the latter aims to decouple economic development and
human well-being from resource depletion and waste production (UNEP 2011).
In this vein, in this study, we follow Altenburg and Assmann’s definition on green
industrial policies as including any government measure aimed to accelerate the
structural transformation towards a low-carbon, resource-efficient economy in ways
that also enable productivity enhancements in the economy” (Altenburg Assmann
2017:11).

In the case of new technologies, especially green ones, substantial uncertainty
and risk is involved in the process of development and commercialization, mainly
due to their novelty and the experimental nature of the process. New green tech-
nologies are particularly prone to market failures, due to the mispricing of both
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inputs, natural resources (such as clean water or air) and outputs, such as waste or
environmental pollution (e.g., CO2). This, on the one hand, justifies state inter-
vention and support for green solutions, on the other hand, it also means that
green industrial policy must be designed and developed in such a way that it is
also suitable for financing a larger number of failures (Rodrik 2014). Nevertheless,
this approach is typically relevant and suitable for governments in more developed
(or large emerging) economies with strong central state capacities and sufficient
autonomy (from interest groups and lobbies) that have significant financial room
for maneuver (such as the USA or China), and it is straightforward to see that in
the context of less developed, small open economies, “cheaper” solutions may be
preferable and more viable.

There are multiple possibilities to adequately reflect environmental aspects in
market mechanisms: appropriate pricing of natural resources, internalization of
environmental costs, tightening of environmental regulations and better sanctioning
of their violation, as well as, for example, terminating state support for fossil fuels,
other non-renewable products and phasing out state financing of unsustainable busi-
ness practices and consumption patterns.

Financial instruments of industrial policy for sustainable development include,
among others, research and development subsidies, public procurement, subsidized
loans and loan guarantees, as well as direct subsidies and environmental taxes.
Non-financial instruments include specific national programs for awareness-raising,
dissemination of best practices and capacity-building actions, provision of digital
tools or platforms, and support for corporate networking (especially relevant for
promoting industrial symbiosis), emissions trading schemes (cap-and-trade sys-
tems) and mandatory energy efficiency, or emission standards (Rodrik 2014; World
Bank 2021).

Rodrik (2014) also argues that supporting new technologies is more beneficial for
the promotion of green transition than limiting market access via customs or spe-
cial taxation. While the former enables local actors to remain active participants in
global supply chains and enter global markets, the latter risks that domestic actors
will not have access to new and forward-looking technologies that are of crucial
both in terms of international competitiveness and the aspects of sustainable (green)
development.

At the same time, the development of the appropriate set of tools, policy mix
also depends on the local economic and social structure, as well as the state capaci-
ties and autonomy in any given country, since these conditions basically determine
the room for maneuver of governments. Consequently, depending on the given local
conditions of any country, different green industrial policy toolsets can be effective
in promoting the goals of green growth and development.

3 Circular economy and industrial symbiosis
With respect to latecomers and late industrializing developing countries, Mathews

(2020) groups green growth and green industry policy around three issues: (1)
energy security and transition to renewable energy sources (see Mathews et al.
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2022); (2) increasing the efficiency of resource use (i.e., the application of the circu-
lar economic model); and (3) innovative financing of green growth, issuing market-
based green loans and bonds (see Monasterolo et al. 2022). Below, we focus on the
second point, the issue of increasing resource efficiency.

The original concept of the circular economy can be traced back to the Club of
Rome’s book, The Limits to Growth (Meadows et al. 1972), and the work of Sta-
hel and Reday (1977), while in the last 2 decades, it has received special attention
among researchers and political decision-makers to practically become one of the
new theoretical frameworks of sustainable development (Geissdoerfer et al. 2017).
The circular economy is based on the operating principle of nature, where there is
no waste, every output is the input of another process. Thus, the circular approach
contrasts with the “take-make-use-dispose” logic of the traditional “linear economy”’
(Bakker et al. 2014) and argues for the nature-like circulation of material flows
within the economy. This means that the value of products, materials, and resources
remains in the economy for as long as possible, resulting in minimal waste, and sus-
tainable resource management. According to Bocken et al. (2016) and Bakker et al.
(2014), the circular economy can be described as a set of design and business model
strategies that are slowing (i.e., reuse), closing (i.e., recycle) and narrowing (i.e.,
using less materials for production) resource loops. Based on Park et al. (2010) and
Stahel (2016), circular economy can be summarized by six fields of actions: take,
make/transform, distribute, use, recover, and industrial symbiosis (IS). Compared
to the concept of sustainable development, which is difficult to operationalize, the
circular economy represents a better alternative with a systemic approach used in
the planning, construction and management of production and consumption systems
(Salomone et al. 2020) .

Industrial symbiosis is a subfield of industrial ecology, often defined as a col-
lective approach in which the waste or by-product of one company is used by
another company as a raw material or important input (Neves et al. 2019). In short,
IS focuses on closing pre-consumer (namely industrial) material flows by capturing
residues from one entity as raw materials for another (Chertow 2000).

This latter description helps us to better understand the concept from two aspects.
First, it highlights the difference between IS and “traditional” waste recycling, which
takes place in landfills and waste treatment plants, as IS is about pre-consumer waste
or by-products. Therefore, we should not immediately think of the collection and
recycling of municipal waste when we talk about industrial symbiosis. Secondly,
this definition also emphasizes that industrial symbiosis is a business-to-business
(B2B) model.

The spread of the business model of industrial symbiosis, the increasingly inten-
sive academic and political decision-making activity, and the upsurge of research
in this direction is due to the fact that the participants recognized and perceived the
advantages of this synergistic relationship. More specifically, businesses implement-
ing industrial symbiosis can save costs (e.g., avoiding transport and landfill costs
and access to cheaper alternative raw materials) and generate additional income in
cases where they can sell their waste (Neves et al. 2019). Resembling to this, Lybaek
et al. (2021:1) define IS as “the connection of traditionally separate industries in
a collective effort to simultaneously increase competitive advantage and reduce
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Table 1 Typology of industrial symbiosis, linked with indicative case studies. Source: own construction,
inspired by Neves et al. (2019) and Henriques et al. (2021)

Level Form of exchange Actors Indicative cases
Micro Internal exchange One single company Case 2—Amelia Agro
External exchange Two or more companies Case 1—Hya Bioplastics

Case 2—Amelia Agro
Case 3—TexFad
Meso  (Eco) Industrial Park Companies in the industrial park  None
and park management authority

Urban industrial symbiosis Local community (authority) and None
companies
Macro Nation-wide industrial symbiosis Economic sectors None

environmental impacts by means of by-product exchange and shared infrastructure.”
This latter interpretation represents a broader approach to IS, as it also includes
other aspects of symbiosis, such as the sharing of infrastructure or the joint use of
services—especially in the field of waste and water management.

3.1 Typology of industrial symbiosis relationships

One of the most frequently used distinctions between different types of industrial
symbiosis concerns the level of implementation, i.e., it refers to the level of part-
nership formation. The micro level is related to the corporate level; the meso level
describes the relationship between companies in geographical proximity, for exam-
ple, (eco-) industrial parks; while the macro level refers to activities that are car-
ried out at the regional or national level (Neves et al. 2019). In contrast, Henriques
et al. (2021) use a different typology, in which they focus more on the “exchange”
aspect of industrial symbiosis and distinguish four different levels: internal exchange
(circulation and—in-house—utilization of materials within one single company),
external exchange (utilization of one company’s materials by another company),
eco-industrial park, and urban industrial symbiosis. Table 1 summarizes the synthe-
sis of these two typologies, including the three indicative cases, we present in detail
later. Accordingly, in this paper, we focus on the micro-level examples (internal and
external exchange) of industrial symbiosis.

According to Neves et al.’s (2019) sectoral analysis based on the systematic liter-
ature review of 103 articles on the potential of industrial symbiosis, activities related
to the manufacturing industry account for 63% of all occurrences, while other sec-
tors such as agriculture, forestry and fishing, electricity and water, and waste man-
agement and recycling are other common occurrences. Regarding the types of
exchanged waste, organic waste is the absolute leading material (food and food
processing waste, biomass, livestock, and fishing waste), followed by rubber, wood,
metal, non-metal (e.g., glass, construction and demolition waste, lime-based waste),
paper, waste heat and steam, ash, water and wastewater, chemicals, sludge, waste oil,
and textile waste.
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3.2 Policies promoting industrial symbiosis

Below we focus on the policies that national or local governments can use to pro-
mote industrial symbiosis in their countries, regions or municipalities. To overcome
IS obstacles, the following strategies are possible tools for (industrial) policies sup-
porting industrial symbiosis:

— In order to facilitate the use of waste, amending the rules and guidelines,

— Providing economic incentives,

— Ensuring dissemination activities,

— Providing training,

— Presentation of supporting entities,

— Use of digital programs and platforms,

— Greater investment in the research and development of technological innovations
(Neves et al. 2019:36).

We can also distinguish between top-down and bottom-up, as well as direct and
indirect industrial symbiosis policies (Lybaek et al. 2021). Top-down policies are
defined as policies formulated by central governments and international or suprana-
tional organizations, while bottom-up policies are policies initiated by local stake-
holders or provided by local governments, including local incentives, subsidies, and
they cover the municipal and regional levels.

Direct policies are defined as policies formulated by a government agency
(national, regional, or local government level) that specifically aim to support, pro-
mote, or legally enforce industrial symbiosis. The best examples of direct policies
are the UK’s National Industrial Symbiosis Program, China’s policy programs sup-
porting eco-industrial parks (Zhang et al. 2010) or Switch Africa Green Program
operated by EU-UNEP (UNEP 2021) sub-programs in the Sub-Saharan African
region.

On the other hand, indirect policies are policies that are not specifically designed
for industrial symbiosis but influence the development of industrial symbiosis.
These cover a very wide range of general framework conditions, such as infrastruc-
ture policies, general tax and customs policies (e.g., landfill tax), waste policies and
general policies that regulate market conditions for resources, products or services,
among others.

We continue by focusing on the regulations and policies promoting the use of
waste, as well as economic incentives based on the following arguments. First, intui-
tively, the participants in the symbiosis must recognize the economic benefits of this
activity. That is, the economic component (regulations, policies and incentives) that
is essential to encourage companies to establish an industrial symbiosis relationship
(Neves et al. 2019). Secondly, we highlight the incentive-based policy support at
the local level related to the regulation and planning of land use, which is key to the
development of industrial symbiosis (Lybaek et al. 2021), noting that indirect waste
management policies are more valuable to industries than direct targeted policies.
Furthermore, the view that governments should focus on local incentives instead of
top-down regulation is prominent in the literature (see, for example, Kim 2007).
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If the economic value of raw materials is very close to that of waste, there is
no incentive for companies to use waste in their production processes. In the waste
sector, the main purpose of using economic tools is typically to reduce waste gen-
eration or to divert waste from landfill to recycling and further utilization (Nahman
et al. 2012). In addition, the price companies are willing to pay for waste may not be
economically beneficial to the company producing such waste. In this case, compa-
nies are also not encouraged to divert waste from landfills and develop a symbiotic
relationship.

Industrial symbiosis in Sub-Saharan Africa

Industrial symbiosis is a business model that can potentially contribute to increase
productivity by using waste materials that would otherwise not be included in the
production input. About 60% of the solid waste generated in Sub-Saharan Africa
is organic waste (Kaza et al. 2018), which on this basis represents a huge (mostly
untapped) potential.

In contrast to other business or technological models of the green economic tran-
sition, industrial symbiosis solutions do not require huge asset investments, since
what is primarily required is good coordination between economic actors. Com-
pared to recycling or re-manufacturing, industrial symbiosis focuses more on con-
necting existing businesses and finding possible synergies with as little additional
investment (procurement of machinery and equipment) and other extra infrastruc-
ture requirements as possible. Thus, since most African companies do not have the
financial resources for huge investments, this circular economy business model may
seem like a realistic and feasible solution. Similarly, supporting the spread of indus-
trial symbiosis can be a low-cost intervention for African governments, which are
typically short on resources.

In the context of green growth in Africa, other economic tools could be used to
promote cost-effectiveness and service efficiency, as well as generate revenue. Nah-
man et al. (2012) found that moving waste up the hierarchy towards minimization,
reuse, and recycling can be achieved primarily through the use of economic tools
and incentives, provided they are properly designed and implemented.

In an international comparison, the most limited number of studies, reports, and
academic research on the situation of industrial symbiosis is available from the
Sub-Saharan African region. This may be due to the actual rarity of cases and rela-
tively low economic activity (number and diversity of companies), lack of general
awareness of manufacturing actors, environmental awareness among population
and industrial symbiosis practices. However, we are convinced that, in accordance
with the above argument, looking at the trends of consumption and waste produc-
tion in Africa, there are great opportunities in this area, and the spread of the busi-
ness model of industrial symbiosis can contribute to the continent’s green economic
growth. Therefore, we briefly summarize recent studies on or related to industrial
symbiosis in Africa. Studies on existing models (Agosson et al. 2016—DBenin;
Rweyendela and Mwegoha 2020—Tanzania) describe the functional characteristics,
best practices and benefits but do not detail the influencing role of economic factors
and regulation, or their incentives. Mbuligwe and Kaseva (2006) assessed industrial
solid waste management and resource utilization practices in Tanzania but did not
address how industrial symbiosis and waste utilization could be encouraged through

@ Springer



G. Buda, J. Ricz

industrial policy instruments. Others focus on the analysis of possible symbiosis
within a company or between different companies and industries, such as Alfaro and
Miller (2013) writing about a smallholder economy in Liberia, and Mauthoor (2017)
analyzing three industries (slaughterhouses, cooking oil refining, scrap metal recy-
cling) in Mauritius. The latter also briefly argues that subsidies could help these pro-
cesses but does not go into specific details.

In relation to eco-industrial parks or economic zones and IS programs, the stud-
ies basically focus on information dissemination and partner search support activi-
ties (Oguntoye et al. 2019—South Africa), focus on feasibility studies and the role
of green finance funds (Khisa and Onyuka 2018).—Kenya), to ensure coordination
and digital platforms (Brent et al. 2008; Ellen McArthur Foundation 2020—South
Africa) and wastewater treatment (Jensen 2020—Ethiopia) as local or national gov-
ernment support activities. Oliyade (2015) identifies sixteen factors for the success
of IS and eco-industrial parks in Africa and highlights that “access to finance” is
key.

These shortcomings support our basic assumption that the role of industrial
policy tools and economic incentives in promoting industrial symbiosis in the Sub-
Saharan region is a research field in its infancy. In addition, we try to support the
relevance of this research direction with another important finding. Oliyade (2015)
argues that smallholder farmers, especially farmers in Africa, think in terms of
short-term returns as they have to survive day to day and thus the relatively slow
returns generated by industrial symbiosis are not attractive to them. Moreover, he
also mentions that a lack of institutional and regulatory support can limit the adop-
tion and implementation of IS practices. Jensen (2020) argues that since the crea-
tion of symbiotic relations depends to a large extent on the existence of individual
sectors and industries, the relatively low number of companies and the low level of
industrial diversity require a rethinking and further research of the possible types of
symbiosis.

In summary, compared to other geographical regions, relatively few studies have
been conducted in Sub-Saharan Africa on the actual cases of industrial symbiosis,
its possible drivers and obstacles. In fact, research results and lessons on the role
of economic incentives (specifically landfill taxes and subsidies) in the region do
not exist in the field. Therefore, below, we present the partial results of a Ugandan
field research, which reveals local examples of industrial symbiosis. First, we briefly
justify the choice of country, and then we sketch the Ugandan regulatory and policy
environment related to local industrial symbiosis, circular economy, and resource
efficiency. Finally, we present three indicative examples: companies, initiatives that
implement industrial symbiosis in Uganda, and the analysis of their experiences can
be instructive for other countries and actors in the African region.

4 Experiences of a field research in Uganda
Uganda can be co