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Summary

This policy brief presents a proposal for the establishment of specialized firms by African States to 
raise the supply of green technologies and information and communications technologies (ICTs) 
and related innovations to accelerate countries’ progress in achieving the Sustainable Develop-
ment Goals. It includes examples of successful cases in that regard from developed and developing 
countries, including some African countries. To link potential developers of technologies with the 
markets, a greater number of firms specialized in technological innovations are needed to partic-
ipate in African national and regional innovation systems to stimulate the production and flows 
of such technologies among the interdependent users. States will mitigate a sizable part of the 
technical and financial risks that generally hamper innovation in the green and digital technology 
markets, and create an environment that will attract private investors. The political landscapes, 
governance structure and technological learning patterns built across Africa over the past decades 
and the Agreement Establishing the African Continental Free Trade Area are key factors that will 
potentially help to boost the participation of private investors in this endeavour. 

Louis M. Lubango, Environmental Affairs Officer, Technology, Climate Change and Natural Re-
sources Management Division, wrote this policy brief under the supervision of Oliver Chinganya, 
Director of the African Center for Statistics and OIC of the Technology, Climate Change and 
Natural Resources Management Division. Special acknowledgement is extended to Laura Paez, 
Chief of Market Institution, Regional Integration and Trade Division, for her valuable inputs and 
comments, Mactar Seck, Economic Affairs Officer of the Technology, Climate Change and Natu-
ral Resources Division for his advice, and Fatima Denton, Director of United Nations University, 
for her advice and encouragement on this work. 
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1
Background

The growing demand for green technologies, ICTs and related innovations for the implementation 
of the 2030 Agenda for Sustainable Development far exceeds the supply. Because of this imbal-
ance, both developed and developing countries need to expand their concerted and differentiated 
efforts in this area and rethink with the objective to set political landscapes and governance struc-
tures that drive production and use of such technologies. To bridge the gaps in Africa in the supply 
of such technologies, the case is made in this policy brief of the need to facilitate the formulation 
of specialized green technology (also interchangeably referred to as green tech and clean tech) and 
ICT firms by States collaboratively with relevant agencies from the private sectors alongside sus-
tainable infrastructure development programmes. By linking the potential developers and suppli-
ers of green tech and ICT with the users in the emerging sustainable infrastructure markets, firms 
can propel a steady flow of technological innovations into the markets and contribute towards sus-
taining the infrastructure development plans. For the brief, lessons are drawn from the Economic 
Commission for Africa (ECA) analysis on the innovativeness of African countries with respect to 
green technologies and ICTs produced to sustain the continent’s expanding infrastructure market 
and contribute towards achieving the Sustainable Development Goals. 

In the case of Africa, public intervention makes economic sense partly because the continent is 
lacking a sufficient number of private firms producing green tech and ICT inventions (beyond the 
hard sell replications and applications of the existing generic software and algorithms developed 
by countries from abroad) and moving them into the markets. Some of the reasons behind this 
are the following: insufficient demand associated with poorly developed financial markets; limit-
ed products that may attract funding; very limited amount of funding dedicated to research and 
development; lack of appropriate standards setting systems for manufacturing; weak enforcement 
systems for contract laws, investment laws and intellectual property laws; poorly regulated ICT 
and green technology firms; and information asymmetry.

Green tech and ICT innovations are essential contents of most sustainable infrastructure, notably 
green infrastructure. A few such cases worth noting are: (a) e-energy, mainly comprised of ICT-
based energy systems known to increase efficiency in renewable energy delivery and management, 
such as the ICT-equipped photovoltaic and digital energy platforms, which includes the mosaic 
crowd funding community solar projects; (b) high energy efficiency buildings; and (c) sustainable 
habitats and smart transport systems in urban areas having efficient air and water purification 
systems. Because green tech and ICT innovations largely contribute towards tackling problems 
that are global, such as climate change (Sustainable Development Goal 13), oceans acidification 
(Sustainable Development Goal 14), and environmental health, these innovations tend to suffer 
from the tragedy of the anti-commons, underinvestment by the non-State actors in which there 
are concerns that the expected returns on their investment may be difficult to internalize in ways 
that make business sense. Additionally, as sectors other than the ones for which they are initially 
intended by the investors have the tendency to swiftly begin to adopt these technologies, the relat-
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ed payoff is too difficult to control and internalize fully under weak intellectual property regimes, 
which are commonly found among the developing countries, including many African countries. 

States are in a better position and it is in their best interest to start such firms, mitigating the funda-
mental risks, such as those alluded to earlier, and paving the way for the development of them. No-
tably, States should cover a sizable part of the costs required in the early stage of establishment and 
operation of firms, and carefully ensure that appropriate policy and regulatory environments will 
help them become operational. The subsequent period after they have been established is generally 
characterized by the establishment of similar firms, generally from the private sector, albeit the 
active but invisible hand of the States cannot be discounted in most successful cases. A good illus-
trating case is the post-Second World War United States Government inter-agency collaboration 
that led to the initial stage of development of computers, jet planes, civilian nuclear energy, lasers 
and biotech firms.1 Another case is the government-led development of the cable and broadband 
infrastructure industry in China, Japan and the Republic of Korea and in many European Union 
countries between the 1990s and early 2000s.2 Developing such firms amid the establishment of 
the African Continental Free Trade Area supported by strong political, will contribute immensely 
to States’ efforts. In particular, the African Continental Free Trade Area can potentially be a sig-
nificant supporting factor in optimizing the private sectors’ contribution to green infrastructure 
development and accelerating countries’ achievement of the Sustainable Development Goals. With 
sufficient supply of green tech innovations introduced in the market, aided by an increased num-
ber of green tech firms, such areas as agriculture productivity will undoubtedly excel, increasing 
access to healthier food and greater food security (Sustainable Development Goal 2). Access to 
clean energy (Sustainable Development goals 7) and clean water (Sustainable Development Goal 
6) will also increase significantly. Countries will become more energy and resource efficient and 
improve waste management plans in priority areas, such as manufacturing, agriculture and land 
use (Sustainable Development Goal 15), cities (Sustainable Development Goal 11), transport and 
extractives. Countries’ competitiveness and productivity will improve, giving rise to sustainable 
growth, which is resilient to economic supercycles and risks induced by climate and environmental 
changes and the rebuilding of natural capital (Sustainable Development Goals 12, 14 and 15), the 
disbursement of jobs to various income groups (Sustainable Development Goal 8) and the offering 
of more productive goods and services to consumers and the public. 

Sustained by combination of efficient regulatory systems and social policies, digitalization and 
digital transformation led by ICT innovations can raise the efficiency of governments and result in 
more productive service delivery by the public and private sectors. Under that transformation, the 
following is likely to occur:

(a) Human resources take on new more productive and relevant roles in which it will become 
much more productive and help boost capacity to achieve sustained, inclusive economic 
growth, full and productive employment and work for all (Sustainable Development Goal 
8).

(b) Self-driving cars are likely to be used more frequently, which will help ease unwarrant-

1 Fred Block, “Swimming against the current: the rise of a hidden developmental State in the United States”, Politics 
and Society, vol. 36, No. 2 (2008) pp.169-206.
2 Martin Fransman (ed.) Global Broadband Battles. Why the US and Europe lag while Asia leads (Palo Alto, CA: Stanford 
University Press, 2006).
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ed traffic congestion, mitigate air pollution and reduce related death tolls, and, in turn, 
contribute towards the effort to achieve sustainable cities and communities (Sustainable 
Development Goal 11).

(c) The trade imbalance will very likely be reversed, with fiscal policy becoming more effective 
in mobilizing revenue to unparalleled levels. By opening up the capital-raising ecosystem 
to alternative funding platforms, financial innovations will give rise to a financial industry 
that is much more democratic, fair, transparent, inclusive, and empowering, and inequali-
ties in access to loans will be reduced, with greater access to capital at the lowest price ever, 
but still yielding high returns becoming available to small- and medium-sized enterprises 
(Sustainable Development Goal 10). 

To harness such opportunities, countries have been generally guided by science, technology and 
innovation policies aimed at raising capital for research and development at different scales, which 
has led to unequally distributed green tech and ICT innovations across regions. The highly pro-
ductive countries are mostly distributed in high-income and some upper middle-incomes econo-
mies in North America, Europe and Asia. Because science, technology and innovation policies are 
poorly resourced, they tend to be overly biased towards the production of basic science and human 
resources that are less relevant to societal needs, and there is an insufficiently developed market for 
green tech and ICT research and development outputs. Accordingly, green tech and ICT research 
and development outputs are limited. Notably, the shares of most African countries in the global 
stocks of green tech and ICT innovations measured in this brief through patents are negligible. 

Figure I shows international patents applications known as Patent Cooperation Treaties (PCTs) on 
climate mitigation, adaptation and environmental management.3 South Africa (with triple-dig-
its), Morocco and Egypt (with double-digits each) and Tunisia, Kenya, Algeria and Nigeria (with 
single-digit each) are the only African countries with marginally noticeable shares. From 2009 to 
2013, the contribution of the previously mentioned African countries to the global share of PCTs 
in green technology and innovations was only 0.28 per cent. With respect to climate change adap-
tation and mitigation science, South Africa and Kenya were African countries active in this area, 
albeit their share was marginal globally (figure II) based on scientometrics, which uses scientific 
publications with high-impact factors. Similar weaknesses occurred in the digital technology inno-
vation, here measured through PCTs in ICTs (figure III) and in related science (figure IV). Only 
South Africa (with three-digits), Egypt, Morocco, Kenya, Tunisia (with two-digits each) and Al-
geria (with a single-digit) were the African countries that had international visibility in the global 
stock of PCTs in ICT. The aggregate contribution of the previously mentioned African countries 
in the global stock of PCTs in ICT amounted to about 0.15 per cent. Meanwhile, Egypt and South 
Africa contributed to the global stock of scientific outputs. 

3 Climate change adaptation, mitigation, and environmental management patents related to the following technologi-
cal classifications: climate change mitigation technologies related to buildings; climate change mitigation technologies 
related to energy generation, transmission or distribution, capture, storage, sequestration or disposal of greenhouse 
gases; climate change mitigation technologies related to transportation; water-related adaptation technologies; climate 
change mitigation technologies in the production or processing of goods (Organization for Economic Cooperation 
and Development); and environmental management. Climate change adaptation and mitigation scientific and tech-
nical articles were sampled from among the most productive countries in different regions. 
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Figure I: Climate change and environmental management Patent Cooperation Treaty, 2009-2013
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Figure II: Climate change adaptation and mitigtion scientific publications, 2000-2015
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Figure III: Information and communications technology Patent Cooperation Treaty, 2008-2014
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Figure IV: Information and communications technology scientific publications, 2000-2015
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2
The extraordinary costs of pursuing business 
as usual warrants urgent action by African 
States

African countries need to rethink and perfect the workings of their policy mix (science technol-
ogy and innovation, industrial and investment policies, among others), as proposed in this brief. 
The cost of continuing business as usual is too high. For example, insufficient supply of green 
tech and ICT innovations will lock the planned industrialization and economic development into 
unsustainable pathways. Transition into low-carbon development pathways will be too difficult 
to achieve and the effects of climate change could potentially wreak havoc, raising the risk of sub-
mersion of 38 African cities amid the ensuing uncontrolled oceanic expansion and sea level rise 
for which countries deprived of strategies, institutions and technological systems and practices will 
not be fully prepared to deal with. Death tolls caused by storms, such as Cyclone Idai, which dev-
astated Mozambique and other Southern African countries in April 2019, and other unforeseen 
disasters will increase. Increased likelihood of loss of ownership of maritime zones, livelihood and 
other properties of coastal communities; mass-migrations, and instability of States, political and 
military confrontations will rise. African countries will continue to import too much, while ex-
ports of green tech and digital goods and services will be negligible. They will miss an opportunity 
to accumulate sufficient wealth from green tech and ICT innovation. 

Additionally, African economies, if they do not become climate-resilient helped by such tech-
nological innovations and political guidance, will greatly suffer because of the inability of global 
oceans to act as the main reservoir of heat and carbon dioxide uptake in the climate system. This 
loss is already making it difficult for seawaters to buffer the existing and future impacts of climate 
changes. Extreme weather events subsequent to ocean expansion will result in increased damages 
to seaports and the maritime transport system, the carrier of about 90 per cent of global exports of 
value-added commodities, and enabler of many other economic sectors, including marine hostelry, 
cruising and tourism.
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3
Major constraints to progress in Africa in 
developing clean tech and information and 
communications technology innovations 

On the one hand, the existing political regimes (policy networks, firms, funding agencies, academia 
and policymakers) and resulting governance structures support the mainstream technology areas, 
mainly mechanical engineering, chemical engineering and chemistry, agronomy, civil engineering, 
electrical engineering, and life sciences. These fields are useful to social and economic develop-
ment, but they are not sufficient in themselves in addressing the vast demands for innovations 
needed to achieve the Sustainable Development Goals. Currently, they receive the largest shares 
of national expenditure devoted to research and development, which present large variations, are 
generally below 1 per cent of gross domestic product (GDP) generally are smaller relative to that 
of other regions. This unequal allocation of resources is reflected in higher patenting activities in 
these mainstream areas (table), as compared with those directed to green tech and ICT. This results 
in wide discrepancies in capabilities among countries to generate the required advanced technical 
and scientific information, business and knowledge. 

Table: Total resident patent applications in mainstream disciplines, 2000-2014

Civil engineering Biotechnologies Electrical engines, 
machine and 
apparatus

Chemical 
engineering

Engines, 
turbines 
and pumps

South Africa 3 113 526 1 245 1 710 790
Morocco 121 22 81 52 67
Egypt 136 69 71 49 75
Tunisia 53 43 22 14 35
Mauritius 18 12 53 58 6
Algeria 18 0 17 6 21
Kenya 7 14 0 0 0
Brazil 4 810 1 385 3 323 2 419 3 060
India 464 3 220 1 205 1 459 1 102
France 33 925 25 171 50 312 23 366 32 699
Republic of Korea 81 106 25 401 166 300 35 335 36 192
China 112 264 66 745 194 996 81 345 51 062

Source: Author’s calculations based on data from the World Intellectual Property Organization.



11

3. Major constraints to progress in Africa in developing clean tech and information and 
communications technology innovations 

This also has put constraints on the participation of many firms that would otherwise be contrib-
uting to much more vibrant national and regional innovation ecosystems, and is a disincentive 
for the private sector to invest in innovation. It is demoralizing and has pushed certain potential 
investors in green research, development and design to transfer their activities to foreign countries 
where markets for the related outputs, which tend to be intermediate outputs, and therefore need 
additional work, are available. Besides, it slows the rate of investment in Africa, where markets for 
intermediates are not well developed, or even avoid investing in the continent. 
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Action by States

The following actions are drawn from lessons learned from experimental cases related to green tech 
and ICT innovations from developed and developing countries, including some African countries, 
such as Ethiopia, Kenya, Morocco and South Africa. 

4.1 Getting right the essential institutions that rationalize clean tech 
and information and communications technology industries

Laws and regulations on investment, contract, and intellectual property. Institutions involved 
in this area define and enforce related rules. Accordingly, they have a strong influence on economic 
performance, owing to their power to reduce various hazards or risks, which are likely to result in 
green tech and ICT inventions that tend to be intermediate products and services needing com-
plementary inputs by firms prior to being deployed in the market places. Furthermore, efficient 
contract laws, intellectual property laws and investment laws are needed to tackle the strong bilat-
eral dependency on contracting parties. States should, therefore, buffer such institutions from the 
most notorious causes of uncertainties, ranging from blatant prohibited or criminal government 
expropriation measures to much more sophisticated tactics that scare away investors, notably, 
illegitimate and unconstitutional seizure of assets, excessive taxation, import controls, setting un-
reasonable operating and reporting requirements and requiring excessive rates of return and price 
outputs. Contract laws must include effective and reliable compensation and reparation measures 
and support an efficient legal system and private mediation dispute settlements among contract-
ing parties. National intellectual property laws and enforcement systems need to be revised to be 
commensurate with countries’ socioeconomic development levels and consistent with emerging 
issues, such as technological change, climate change, and security. Significant improvement of such 
institutions, which cannot be covered in full in the brief, will, to a large extent, guarantee security 
of assets and stimulate private investment in green tech and ICT innovations.

4.2 Starting small-to medium-sized clean tech and information and 
communications technology firms

States should play a key role in controlling or guiding such firms fully and either consider pri-
vatizing them or preferably have them partner with existing private enterprises and actors, using 
their specific attributes, mainly the technologies developed in areas that are used to produce green 
technology, such as biotechnologies, chemical engineering, electrical engines, machines and ap-
paratus and civil engineering, as outlined in the table. Transition into a governance structure that 
can nurture green tech and ICT firms and industries, such as biofuels, solar cells, and small-sized 
hydropower and nuclear power and ICT infrastructure, will be smoother, mainly because, the 
associated learning cost will decrease, owing to their attributes. 
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4.3 Leveraging on regional integration plans, such as the Agreement 
Establishing the African Continental Free Trade Area

Regional integration initiatives are important vehicles from which States should draw to bring 
together various features scattered across countries (table), stimulate cross-fertilization and growth, 
and facilitate transition into new governances and political regimes capable of accelerating the 
development of ICTs and green technologies and industries targeting priority areas. Prominent 
among the latter are agro-processing, renewable electricity, resource efficiency, manufacturing, 
telecommunication and zero emission transport. As the Agreement Establishing the African Con-
tinental Free Trade Area has entered into force with the depositing of the twenty-second ratifica-
tions,4 Africa is about to embark on the creation of a common market in which there is free move-
ment of goods, persons, services and capital. This not only presents immense opportunities for 
developing a cross-border market of green tech and ICT products and services, but it has dynamic 
effects in the form of innovation and knowledge transfer beneficial to environmental sustainability. 
Furthermore, the Agreement is expected to cover regulations on intellectual property, providing an 
opportunity to level the playing field and correct distortions that come from the limited regulation 
of green tech and ICT, which has constrained investment in the sector. Harmonized regulations on 
various aspects of intellectual property, including patents, copyrights, industrial design, traditional 
knowledge and geographic indications, may support the emergence of African innovators who 
have been holding back on efforts to invest further in inventions or innovations based on concern 
that they may not reap the full benefit of a possible investment because of poor intellectual prop-
erty protection.

4.4 Facilitating access to finance to clean tech and information and 
communications technology firms

(a) Leveraging the growing interests among the institutional investors. Institutional in-
vestors generally manage large assets, such as pension funds, insurance companies, public 
reserve funds and sustainable infrastructure funds, and are important sources of funding 
for African States to develop green tech and ICT industries. Integrating ICT industries 
into green infrastructure project proposals will help secure the needed funds to scale up 
and sustain infrastructure plans, even beyond the scope and constraints imposed by single 
investors. States must help to upgrade the needed complementary capabilities, notably 
business operations management, advanced research development and design planning, 
and optimization and operation of plants and start-ups, to increase the bankability of such 
firms. Areas, such as renewable electricity, energy efficiency, pollution prevention, waste 
management, agriculture and transport and focusing on projects with prospects of a stable 
income stream, will generally appeal to institutional investors and form part of the national 
development agendas, should be given priority.

(b) Regulating the growing financial markets across Africa, making them more welcom-
ing and inclined to invest in clean tech and information and communications tech-
nology innovation projects. Revenue raised by governments and the private sector may 
be regulated in favour of green tech and ICT innovation alongside green infrastructure 

4 Abel Muhatia, “Export market to expand as regional trade pact comes to force”, The Star. 9 April 2019.
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projects. Notable government sources of funds are domestic tax revenue, sovereign bonds, 
such as the Ethiopian Eurodollar bond,5 sovereign wealth funds, such as the North African 
oil-based funds comprised of investments in Algeria and Libya, a multi-billion United 
States dollar fund investing in Botswana and a multi-million United States dollar fund of 
Gabon and Mauritania.6 From the private sector side, international private capital flows, 
mainly foreign direct investment (FDI), are worth considering.

(c) Establishing the essential incentives for private investment. Some notable incentives for 
private investment are the following:

•	 Favourable interest rates.
•	 Specialized intermediaries, such as green investment banks, development banks and 

infrastructure funds, which attract equity finance from larger institutional investments.
•	 Risk mitigation plans, such as loans, loan guarantees, public seed capital, cornerstone 

stake and co-financing, to keep the nascent projects afloat. These plans may be achiev-
able through development of regulations that favour green infrastructure projects. One 
case worth contemplating by States is the PIDA Model Law for Transboundary Infra-
structure Projects in Africa, which promotes the setting of harmonize regulations and 
private investment in transboundary infrastructure projects.

•	 Reduced cost of innovation by reforming public subsidies in ways that favour green 
tech and ICT innovations. In many countries, the allocation of public revenue through 
subsidies tend to be Pareto suboptimal, overly favouring fossil fuels, and overlooking 
green tech and ICT innovations. The annual post-tax subsidies in oil alone, amount-
ed to about 6.5 to 9.5 per cent of GDP in many countries, including, Algeria, Egypt 
and South Africa,7 approximately tenfold the average spending of African countries in 
research and development, which was approximately 0.42 per cent of GDP in sub-Sa-
haran Africa and 0.61 per cent of GDP in Northern Africa in 2016.8 Reforming and 
streamlining such subsidies would help States derive the required funds for green tech 
and ICT firms, as these subsidies are regressive in that they encourage the use of fossil 
fuels, which damage the natural capital, societies and economies. Reforms in this re-
gard should be prudential and informed by studies on the related impacts of societies.

•	 Favourable taxes. Among the most relevant ones are accelerated depreciation and the 
use of super-deductions.

•	 Increasing payoff to clean technology and information and communications tech-
nology innovations. Examples of enablers or important catalysts are improved trans-
parency in the public procurement system and upgraded intellectual property laws and 
enforcement, taking into account countries’ levels of socioeconomic development and 
the impacts technological progress in societies.

5 The Economist, “How Ethiopian bank. What goes round, comes round”, 6 April 2019.
6 United Nations Environment Programme, “Aligning Africa’s financial system with sustainability”, AU-ECA Con-
ference of Ministers, UNEP Inquiry, 2015. Available at http://unepinquiry.org/wp-content/uploads/2015/04/Align-
ing_Africas_Finncial_System_with_Sustainable_Development.pdf.
7 https://www.iea.org/publications/freepublications/publication/oil%20subsidies.pdf.
8 UNESCO database (http://data.uis.unesco.org/Index.aspx?DataSetCode=edulit_ds).
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4.5 Removing barriers to adoption of and deployment of green technol-
ogy and information and communications technology innovations

Green tech and ICT innovations are affected differently by the market and price policies, as well as 
by environmental policies and regulations. States interventions intending to accelerate adoption of 
innovations should, therefore, be selective and informed by studies on the impacts of technologies 
in societies and markets.

Government-issued regulations using threats, which diminish as firms increase their investment 
in green tech innovations. Such regulations are noted for correcting information asymmetry.9 They 
stimulate investment in green tech innovations and help consumers make informed choices on the 
green tech products and service. They also help to accelerate the adoption of energy-saving tech 
innovations, such as use of efficient lighting equipment or green light. 

Efficient regulation of the telecom industry, which has tended to be suitable for the old-style 
utility industry. Updated regulations that are consistent with the new wave of technological chang-
es are needed to cover, for example, price setting, direct government intervention or setting returns 
for key product and services associated with cables, broadband or a hybrid of the latter to pro-
mote healthy, not wasteful competition in the telecom industry. Such competition has historically 
proven to be beneficial in driving down market prices, largely fostered by increased investment 
in research and investment by incumbent and entrant firms, including in fixed-line, mobile and 
information services firms. Evidence of this can be seen in such countries as France, Italy, Japan, 
the Republic of Korea, Sweden, the United Kingdom of Great Britain and Northern Ireland and 
the United States of America. In addition, this type of regulation creates space for additional 
intra-platform, facility-based competition, which promotes technological change. Regulation of 
tariffs covering installation charges and monthly and hourly fees are needed to accelerate industrial 
growth. It should be noted that these tariffs should not adversely affect public and consumers and 
at the same time ensure fair broadband availability, penetration, capacity and speed (download 
and upload bits per second) and quality of access within the African Continental Free Trade Area.

Removal of import barriers is considered essential in accelerating adoption of clean technology in 
production systems such as electrical arc furnaces. In that regard, adaptation of the PIDA Model 
Law for Transboundary Infrastructure Products should be helpful. 

Efficient effluent standards and technology standards, energy pricing and standard labelling. 
The above-mentioned would accelerate technology adoption in a number of ways. While regula-
tions tend to eliminate only old-style technologies from the markets, energy pricing can help to 
eliminate old-style technologies and encourage the introduction of green tech innovations. The 
price approach is, therefore, very helpful in fostering green tech innovation, such as solar and 
waste-to-energy and wind energy. 

9 Oliver Cadot and Bernard Sinclair-Desgagne, “Innovation under the threat of stricter environmental standards”. In 
Environmental Policy and Market Structure, Anastasios Xepapadeas, Carol Carraro and Y.S. Ka, eds. (Dodrecht, Ger-
many, Kluwer Academic Publishers, 1996).
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Adjusted tradable permits have been proposed to help to accelerate green tech innovation.10 
Specifically, they can be helpful in greening the South Africa coal-fired power plants or copper and 
iron processing ores industries in Zambia, the Democratic Republic of the Congo and other coun-
tries by reducing emissions of sulfur dioxide, which has devastating effects on the public health 
and biodiversity. 

10 Jean-Jacques Laffont and Jean Tirole, “Pollution permits and compliance strategies” Journal of Public Economics, vol. 
62, No. 1-2, (1996) pp. 85-125.


