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ABSTRACT

This paper presents comparative data on innovation in selected climate change mitigation and
adaptation technologies in the context of Africa. Such analysis informs policy aimed at encouraging
international technology transfer and development of domestic innovation capacities. We present detailed
analysis of the role of Africa in development of these technologies (invention), and then move on to
examine Africa as a technology market (as reflected in patenting). In addition, we briefly touch upon the
question of cross-border technology development (co-invention) in Africa. Despite Africa’s generally low
volume of inventive activity in these fields in comparison with other countries, inventive activity is
disproportionately directed towards mitigation and adaptation technologies. In addition, the rate of
international co-invention for most mitigation and adaptation technologies is much higher in Africa than in
the rest of the world. And finally, rates of protection of climate technologies at African intellectual
property offices are high relative to other technologies. Nonetheless, it must be emphasized that a relatively
small number of inventions are protected in Africa, providing evidence that IP is not a barrier to
technology transfer and diffusion.

JEL Classifications: Q42, Q48, Q54, Q55, Q56, Q58, 031, 033, 038, O55.

Keywords: Climate policy, Technology transfer, Technology diffusion, Innovation, Patents.

RESUME

Ce rapport livre des données comparatives sur I’innovation concernant certaines technologies
d’atténuation du changement climatique et d’adaptation a ses effets dans le contexte de I’Afrique.
L’analyse de ces données éclaire I’élaboration des politiques visant a encourager les transferts
internationaux de technologies et le renforcement des capacités nationales d’innovation. Nous proposons
une analyse détaillée du réle de I’Afrique dans la mise au point de ces technologies (invention), avant
d’étudier le marché technologique qu’elle représente (a I’aune des dépdts de brevets). Nous abordons en
outre briévement la question du développement de technologies au niveau international (co-invention) en
Afrique. Si I’activité inventive des pays africains dans ces domaines est généralement faible par rapport a
d’autres pays, les technologies d’atténuation et d’adaptation y tiennent toutefois une place primordiale. Qui
plus est, la co-invention internationale concernant la plupart de ces technologies est bien plus fréguente en
Afrigque que dans le reste du monde. Enfin, les offices africains de la propriété intellectuelle délivrent
davantage de brevets aux technologies climatiques qu’aux autres technologies. Soulignons cependant que
les inventions protégées sont relativement peu nombreuses en Afrique, et que la propriété intellectuelle n’y
dresse donc pas d’obstacle au transfert et a la diffusion des technologies

Classification JEL : Q42, Q48, Q54, Q55, Q56, Q58, 031, 033, 038, O55.

Mots clé : politique climatique, transferts de technologies, diffusion des technologies, innovation, brevets.
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FOREWORD

This paper is a contribution to the OECD Environment Directorate project on “Environmental Policy
and Technological Innovation” (www.oecd.org/environment/innovation). It has been authored by Ivan
Hasc¢i¢, Jérome Silva and Nick Johnstone of the OECD Environment Directorate. The search strategies
upon which the data is derived were developed by a team of patent examiners led by Javier Hurtado-Albir
and Victor Veefkind of the European Patent Office (EPO). The support of the EPO, and in particular
Konstantinos Karachalios and Nikolaus Thumm, is gratefully acknowledged. The authors would like to
thank Elisa Lanzi for helpful suggestions, Barbara Aiello for preparation of the manuscript and figures, and
Tamas Medovarszki for assistance with data cleaning.

The paper is released as part of the OECD Environment Working Paper series (ENV/WKP(2012)9).
It can be downloaded on the OECD website: www.oecd.org/env/workingpapers. The report presents the
views of the authors and does not necessarily represent the views of either the OECD or its member
countries.
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EXECUTIVE SUMMARY

This paper presents comparative data on selected climate mitigation and adaptation technologies in
the context of Africa. Such analysis is useful because it informs policy aimed at encouraging international
technology transfer and development of domestic innovation capacities. It also sheds light on countries’
potential to achieve development objectives.

The paper presents detailed analysis of the role of Africa in development of these technologies
(invention), and then moves on to examine Africa as a technology market (as reflected in patenting). In
addition, we briefly touch upon the question of cross-border technology development (co-invention) in
Africa.

To the extent possible, we make an effort to place the data in a broader context of overall patenting
trends. It must be emphasized that due to unequal data coverage of African countries care should be taken
in interpreting some of the findings presented here. Again, we make efforts to account for these differences
and construct normalized indicators (including relative technology advantage (RTA) and relative patent
propensity (RPP)). Finally, we contrast our findings with indicators based on non-patent data sources
(index of intellectual property (IP), trade flows, emission levels) insofar these are available for African
countries. The following section summarizes the major findings of this paper.

Climate change mitigation technologies
The place of Africa in development of selected CCMTs

Over the period 1980-2009 there are 657 patents related to CCMTs with inventors residing in Africa
countries. The most important fields are technologies related to energy storage and renewable energy. Not
surprisingly, this represents only a fraction of the global efforts — 0.4% on average during 1980-2009.
However, given the heterogeneity of the African continent, it is not surprising that some technologies and
some countries stand out. In particular, South Africa alone represents an overwhelming share (84%) of
Africa’s inventions, followed by countries such as Egypt, Algeria, Morocco and Kenya.

Despite Africa’s generally low volume of inventive activity, it is disproportionately directed towards
mitigation technologies. More specifically, while inventive activity directed at mitigation technologies
represents only 1% of overall inventive activity worldwide, it is as much as 3% in Africa. This applies, in
particular, to certain fields such as biofuels, marine & tidal energy, waste-to-energy, and solar thermal
energy. Nuclear energy technology represents an important share of Africa’s inventive efforts. However, it
is concentrated exclusively in South Africa. Apart from South Africa (which is active on many fronts),
countries such as Ghana, Algeria and Senegal stand out because, compared to their overall efforts, they
have the highest propensity to develop mitigation technologies.

It is interesting that only a small percentage of African inventions (10%) seek patent protection in
African markets — a fact that might, of course, be related to the strength of IP regimes. In fact, most
frequently African innovators seek protection in North American (USA 27%, Canada 10%) and European
(EPO 24%, Germany 13%) jurisdictions. On the other hand, 6% of inventions seek protection in China and
only 3% in Japan and Korea.

Africa as a market for selected CCMTs

Just under 3,000 CCMT inventions are registered with African intellectual property offices. However,
given the manner by which the counts are generated these figures are more significantly affected than the
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‘inventor country’ data due to the fact that coverage of African IP offices in PATSTAT is far from
comprehensive.

Overall, less than 1% of mitigation-related patenting activity worldwide targets African countries, of
which South Africa is the dominant market, followed by Morocco and Egypt. Still, it is interesting that
world’s inventors are more likely to seek protection in Africa when these inventions are mitigation-related.
In this respect the OAPI region including many countries of Sub-Saharan Africa stands out. Mitigation
technologies that are relatively frequently patented in Africa include biofuels, nuclear, CCS, marine &
tidal, efficient combustion, waste-to-energy and solar thermal energy. Somewhat surprisingly, solar PV is
relatively less frequently protected in Africa than worldwide. Patenting in wind, CCS and biofuels has been
growing fast, while patenting in energy storage/hydrogen/fuel cells, nuclear and solar thermal energy has
been decreasing.

What is the ‘origin’ of the inventions that are protected in Africa? Overwhelmingly, they have been
invented in OECD countries and this fact has changed little over time. However, while in the 1980s over a
half of all inventions patented in Africa originated in only two countries (United States and France), their
share has come down significantly in the last decade as Germany has become the most important ‘origin’.
At the same time, the share of African countries has increased from less than 1% to over 8%. The shares of
Japan and Korea are extremely low.

International collaboration in CCMT development in Africa

Overall, 23% of African inventions in mitigation technologies involve co-invention (inventors from
more than one country). This contrasts with 12% of mitigation-related inventions co-invented worldwide,
and 9% of all inventions (in all fields) co-invented worldwide. Hence, CCMT technologies have a
generally greater rate of co-invention, but this is particularly the case in Africa.

Interestingly, South Africa, while ranking as the major inventor in Africa, is less likely to co-invent
with others in developing mitigation technologies. Countries that are most likely to co-invent include
Tunisia, Morocco, Egypt, Kenya and Mali — all of whom co-invent at least 50% of their inventions with
inventors in other countries. The most frequent partner countries include the USA, the UK, Belgium,
Germany, France, Sweden and Canada. Strikingly, there is very little evidence of intra-Africa co-invention,
with a single documented case (Kenya-Egypt), suggesting that every African country is an “island” within
the continent.

Climate change adaptation technologies
The place of Africa in development of selected ‘adaptation’ technologies

This paper also examines a set of technologies suitable for addressing specific environmental needs of
African countries (here referred to as ‘adaptation’ technologies). The counts are generally low due to the
rather specific nature of the sources. In total over the period 1980-2009 there are 56 climate adaptation
technologies. Among the ‘adaptation’ technologies examined, inventive activity in Africa mostly targets
water desalination (45%), followed by energy supply in remote locations (25%), solar water treatment
(14%), rainwater collection (7%) and solar/wind-powered water pumping (7%). Surprisingly, given the
available resources and potential demand, there are no African inventions in solar cooking.

Overall, the share of African inventors in worldwide efforts to develop adaptation technologies has
been very low (0.26%). South Africa is the most important inventor country but its dominance is much less
marked in the case of mitigation technologies. Other major inventor countries are Morocco and Egypt.
Interestingly, a very high proportion of African adaptation inventions seek protection in Africa itself (81%)
— a much greater share than is the case for mitigation technologies.

7
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Africa as a market for selected ‘adaptation’ technologies

A total of 389 adaptation technologies are protected at African IP offices, with desalination being the
most important field. Globally, while for mitigation technologies the principal market for patent protection
is Europe, the most important market for adaptation technologies is Asia. The share of Africa is low in
both cases, with only about 1% of world’s patents for adaptation technologies registered with African
patent offices. Again, South Africa is the country where such patent protection is sought most often,
although to a lesser degree than for mitigation technologies. Conversely, the share of Sub-Saharan
countries is greater.

Among the adaptation technologies examined, water desalination is by far the primary technology
protected in Africa. However, several other adaptation technologies tend to be protected relatively more
often in Africa than elsewhere in the world, including those related to resilience of the electricity supply
grid to extreme weather events, solar water treatment, severe weather prediction and rainwater collection.
It is rather surprising that there have been very few patents in fields that would seem highly relevant for
addressing some of the Africa’s most pressing environmental needs, such as solar cooking, efficient
lighting for remote locations, and solar or wind-powered water pumping.

Overall, our analysis suggests that adaptation technologies (rather than mitigation technologies) are
much more likely to be protected in Sub-Saharan and Northern Africa than in South Africa. For example,
compared with other technologies, an adaptation technology is 7-times more likely to be protected in Sub-
Saharan Africa (the ARIPO and OAPI regions). Nonetheless, it must be emphasized that a relatively small
number of mitigation and adaptation inventions are protected in Africa, providing evidence that IP is not a
barrier to technology transfer and diffusion.

The adaptation technologies patented in Africa originate predominantly in OECD countries (76%),
with the USA and Germany the major inventors, followed by Australia (9%). Conversely, the shares of
Japan and Korea are extremely low. The proportion of Africa’s own inventions is as much as 17% - a
much higher share than for mitigation.
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SYNTHESE

Ce rapport livre des données comparatives sur I’innovation concernant certaines technologies
d’atténuation du changement climatique et d’adaptation a ses effets dans le contexte de I’Afrique.
L’ analyse qu’il propose est utile en ce qu’elle éclaire I’élaboration des politiques visant & encourager les
transferts internationaux de technologies et le renforcement des capacités nationales d’innovation. Elle
renseigne par ailleurs sur le potentiel des pays en termes de concrétisation des objectifs de développement.

Ce rapport propose une analyse détaillée du role de I’Afrique dans la mise au point de ces
technologies (invention), avant d’étudier le marché technologique qu’elle représente (a I’aune des dépots
de brevets). Il aborde en outre brievement la question du développement de technologies au niveau
international (co-invention) en Afrique.

Nous nous efforgons dans toute la mesure du possible de placer les données dans un contexte élargi en
observant les tendances générales des dép6ts de brevets. En raison de la couverture inégale des données
dans les différents pays africains, nous invitons a la prudence dans I’interprétation de certaines des
conclusions présentées ici. Nous essayons naturellement de tenir compte de ces différences et d’élaborer
des indicateurs normalisés (notamment sur I’avantage technologique relatif et la propension relative a
déposer des brevets). Nous confrontons enfin nos résultats a des indicateurs fondés sur des sources de
données autres que les brevets (indicateur sur la propriété intellectuelle, flux commerciaux, niveaux
d’émission) lorsque ceux-ci sont disponibles pour les pays africains. Les principales conclusions du rapport
sont résumées ci-dessous.

Technologies d’atténuation du changement climatique

La place de I’Afrique dans le développement de certaines technologies d’atténuation du changement
climatique

Dans le domaine des technologies d’atténuation du changement climatique, 657 brevets ont été
déposés en Afrique entre 1980 et 2009. Ils concernaient essentiellement des technologies liées au stockage
de I’énergie et aux énergies renouvelables. Certes, cela ne représente qu’une infime partie de I’effort
mondial — 0.4 % en moyenne sur la période 1980-2009 — mais le continent africain étant hétérogene,
certaines technologies et certains pays se distinguent particulierement. C’est notamment le cas de I’ Afrique
du Sud qui, a elle seule, produit non moins de 84 % des inventions africaines, suivie de pays tels que
I’Egypte, I’ Algérie, le Maroc et le Kenya.

Si I’activité inventive des pays africains est généralement faible, les technologies d’atténuation y
tiennent toutefois une place primordiale. En effet, I’activité inventive consacrée aux technologies
d’atténuation représente 3 % de I’activité inventive totale en Afrique, contre 1% seulement a I’échelle
mondiale. Plusieurs domaines sont plus particuliérement concernés : les biocarburants, I’énergie marine et
marémotrice, la valorisation énergétique des déchets, et I’énergie solaire thermique. La technologie
nucléaire constitue une part importante de I’effort inventif de I’Afriqgue mais ce domaine reste
exclusivement cantonné a I’ Afrique du Sud. Outre I’Afrique du Sud (active sur de nombreux fronts), des
pays tels que le Ghana, I’ Algérie et le Sénégal se démarquent pour avoir la plus forte propension, au regard
de leur effort global, a développer des technologies d’atténuation.
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Il est intéressant de constater que seul un faible pourcentage des inventions africaines (10 %) font
I’objet d’une demande de brevet sur les marchés africains — une situation sans doute liée a la qualité des
régimes de propriété intellectuelle. Les inventeurs africains ont en effet tendance a faire breveter leurs
inventions en Amérique du Nord (27 % aux Etats-Unis, 10 % au Canada) et en Europe (24 % auprés de
I’OEB, 13 % en Allemagne). Enfin, 6 % des demandes de brevet sont déposees en Chine et 3 % seulement
le sont au Japon et en Corée.

L’Afrique, un marché pour certaines technologies d’atténuation du changement climatique

Les offices africains de la propriété intellectuelle recensent un peu moins de 3 000 inventions dans le
domaine des technologies d’atténuation du changement climatique. Or, compte tenu de la méthode de
comptabilisation employeée, ces chiffres sont entachés d’incertitudes encore plus grandes que les données
sur les ‘pays d’invention’ du fait de la couverture pour le moins incompléte, dans PATSTAT, des offices
africains des brevets.

A I’échelle mondiale, moins de 1 % des demandes de brevets pour des technologies d’atténuation sont
déposées dans des pays africains et, en la matiére, I’ Afrique du Sud est le marché dominant, suivie par le
Maroc et I’Egypte. Il est cependant intéressant de constater que les inventeurs, d’ol qu’ils viennent, sont
plus susceptibles de demander un brevet en Afrique si leur invention concerne I’atténuation du changement
climatique. Les pays de I’OAPI, situés en Afrique sub-saharienne pour beaucoup d’entre eux, se
distinguent a cet égard. Les technologies d’atténuation relativement fréquemment brevetées en Afrique ont
trait aux biocarburants, au nucléaire, au captage et stockage du carbone (CSC), a I’énergie marine et
marémotrice, a la combustion efficace, a la valorisation énergétique des déchets et a I’énergie solaire
thermique. Paradoxalement, le solaire photovoltaique est relativement moins fréguemment protégé en
Afrique que dans le reste du monde. Dans les domaines de I’éolien, du CSC et des biocarburants, les
brevets se développent rapidement, alors qu’ils sont en recul dans ceux du stockage de I’énergie, des
technologies de I’hydrogéne et des piles a combustible, ainsi que du nucléaire et de I’énergie solaire
thermique.

Quelle est « I’origine » des inventions brevetées en Afrique ? Une écrasante majorité d’entre elles
proviennent de pays de I’OCDE, et depuis toujours. Cependant, alors que dans les années 1980, plus de la
moitié des inventions brevetées en Afrique étaient originaires de deux pays (les Etats-Unis et la France),
ces dix dernieres années I’Allemagne s’est imposée comme la principale «source » de brevets, au
détriment des Etats-Unis et de la France qui ont vu leur part baisser considérablement. Parallélement, la
contribution des pays africains est passée de moins de 1 % a plus de 8 %. La part du Japon et de la Corée
demeure extrémement faible.

Collaboration internationale dans le développement des technologies d’atténuation du changement
climatique en Afrique

Globalement, 23 % des inventions africaines en matiere de technologies d’atténuation sont des co-
inventions (les inventeurs proviennent de plus d’un pays), ce qui est beaucoup si I’on considere qu’a
I’échelle mondiale, le pourcentage de co-inventions est de 12 % dans le domaine des technologies
d’atténuation et de 9 % toutes inventions et tous domaines confondus. Le taux de co-invention est donc
généralement plus élevé pour les technologies d’atténuation du changement climatique, et cette tendance se
vérifie particulierement en Afrique.

Paradoxalement, malgré son statut d’inventeur le plus prolifigue du continent, I’Afrique du Sud
semble moins versée dans la co-invention en ce qui concerne les technologies d’atténuation. Les pays les
plus susceptibles de participer a des projets de co-invention sont la Tunisie, le Maroc, I’Egypte, le Kenya et
le Mali — au moins 50 % des inventions de ces pays sont d’ailleurs le fruit d’une collaboration avec des

10
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inventeurs étrangers. Les pays partenaires dont I’implication est la plus fréquente sont les Etats-Unis, le
Royaume-Uni, la Belgique, I’Allemagne, la France, la Suede et le Canada. Fait marquant, les exemples de
co-invention africano- africaine sont trés rares. On recense un seul cas avéré (Kenya-Egypte), ce qui laisse
penser que chaque pays africain est une « fle » dans le continent.

Technologies d’adaptation au changement climatique
La place de I’ Afrique dans le développement de certaines technologies « d’adaptation »

Ce rapport examine également un ensemble de technologies permettant de répondre aux besoins
environnementaux spécifiques des pays africains (et appelées ici technologies « d’adaptation »). On en
dénombre relativement peu en raison de la nature assez spécifique de leurs sources. Au total, sur la période
1980-2009, 56 technologies d’adaptation au changement climatique ont été recensées. Parmi les
technologies examinées, I’activité inventive de I’ Afrique porte majoritairement sur le dessalement de I’eau
(45 %), I’approvisionnement en énergie des régions reculées (25 %), le traitement solaire de I’eau (14 %),
la récupération des eaux de pluie (7 %) et le pompage solaire/éolien de I’eau (7 %). En revanche, en dépit
de ses ressources disponibles et de la demande potentielle, I’ Afrique n’est & I’origine d’aucune invention
dans le domaine des cuisiniéres solaires.

Globalement, la part des inventeurs africains dans I’effort mondial de développement de technologies
d’adaptation est trés réduite (0.26 %). L’Afrique du Sud est certes le principal producteur africain
d’inventions mais en matiere d’adaptation, sa prédominance est moins marquée que dans le cas des
technologies d’atténuation. Le Maroc et I’Egypte sont aussi d’importants inventeurs. Il est intéressant de
noter que les demandes de brevet pour des inventions africaines liées a |’adaptation sont trés
majoritairement déposées en Afrique (81 %) — une proportion bien plus élevée que pour les technologies
d’atténuation.

L’Afrique, un marché pour certaines technologies « d’adaptation »

Les offices africains de la propriété intellectuelle recensent 389 technologies d’adaptation brevetées et
le domaine du dessalement de I’eau est le plus représenté. Globalement, alors que pour les technologies
d’atténuation la principale destination des demandes de brevet est I’Europe, pour les technologies
d’adaptation il s’agit de I’Asie. Dans un cas comme dans I’autre, I’ Afrique tient une place marginale, les
offices africains des brevets ne recevant que 1% des dépdts de brevets internationaux pour des
technologies d’adaptation. La encore, les demandes de brevet sont principalement déposées en Afrique du
Sud, bien que dans une moindre mesure par rapport aux technologies d’atténuation. En revanche, les pays
subsahariens sont davantage représentés.

De toutes les technologies d’adaptation examinées, le dessalement de I’eau arrive en téte des
technologies protégées en Afrique. D’autres technologies d’adaptation semblent cependant faire I’objet de
demandes de brevets plus fréquentes en Afrique que dans le reste du monde, notamment celles concernant
la résistance des réseaux de distribution d’électricité a des conditions météorologiques extrémes, le
traitement solaire de I’eau, la prévision d’épisodes météorologiques violents, et la collecte des eaux de
pluie. Paradoxalement, treés peu de brevets sont déposés dans des domaines tels que les cuisiniéres solaires,
I’éclairage dans les régions reculées et le pompage solaire ou éolien alors que cela permettrait de répondre
a certains des besoins environnementaux les plus critiques du continent.

Dans I’ensemble, il ressort de notre analyse que les technologies d’adaptation (davantage que les
technologies d’atténuation) sont beaucoup plus susceptibles d’étre protégées en Afrique subsaharienne et
en Afrique du Nord gqu’en Afrique du Sud. Ainsi, par rapport a d’autres technologies, une technologie
d’adaptation est sept fois plus susceptible d’étre brevetée en Afrique subsaharienne (zones ARIPO et
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OAPI). Soulignons cependant que les inventions protégées, qu’il s’agisse de technologies d’atténuation ou
d’adaptation, sont relativement peu nombreuses en Afrique, et que la propriéte intellectuelle n’y dresse
donc pas d’obstacle au transfert et a la diffusion des technologies.

Les technologies d’adaptation brevetées en Afrique proviennent essentiellement de pays de I’OCDE
(4 76 %), les principaux inventeurs étant les Etats-Unis et I’ Allemagne, suivis par I’ Australie (9 %). La part
du Japon et de la Corée demeure en revanche trés faible. Les inventions africaines représentent quant a
elles non moins de 17 % des inventions dans le domaine des technologies d’adaptation - soit bien plus que
pour les technologies d’atténuation.
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CLIMATE MITIGATION AND ADAPTATION IN AFRICA: EVIDENCE FROM PATENT DATA

1. Introduction

Encouraging international technology transfer and development of domestic innovation capacities in
developing countries are of key importance to both climate change mitigation and adaptation efforts.
Moreover, consideration of the broader development objectives in this context is equally important, and
such objective may be complementary with the development of domestic climate mitigation and adaptation
capacity.

Potential complementarity between mitigation, adaptation and development objectives is particularly
important in Africa and the expected net benefits are high. First, with respect to mitigation efforts, the
generally low level of sunk costs create a unique opportunity for investment in new energy generation
capacities — a sector characterized by very long capital turnover cycles (see OECD 2012a).

Second, the costs of adaptation are expected to be particularly high in Africa. Agrawala et al. (2010)
estimate that Sub-Saharan Africa, together with the Indian sub-continent, are the two regions with the
highest adaptation costs as a share of GDP.? In addition to the magnitude of expected damages, it has been
suggested that the ‘optimal’ level of adaptation in Africa is high® because adaptation actions have the
potential to be highly effective — both due to greater certainty over the direction of climate change impacts
in Africa than elsewhere (e.g. more or less rain) as well as due to the nature of climate change impacts in
Africa (e.g. less damages from extreme weather than elsewhere) (see Agrawala et al. 2010).*

Last, but not least, there is a high degree of complementarity between adaptation and development in
Africa because adaptation efforts have the potential to contribute to climate-resilient development (OECD
2011; OECD 2009; Grantham Institute 2009).

This study builds on previous work conducted using patent data on a set of ‘clean’ energy
technologies (see EPO/UNEP/ICTSD 2010; Has¢i¢ et al. 2010). These efforts were part of a broader
stream of work to develop tagging algorithms to identify an extended set of mitigation technologies in the
energy sector — the Y02 scheme (Veefkind et al. 2012). The present study contributes to this work in two
major respects:

First, the study analyses patent data relating to the ‘extended’ set of mitigation technologies in the
specific context of Africa. This alone is a significant undertaking because similar information of relevance
to Africa is to date very limited.

! Moreover, there are indications that energy generation using renewable sources may be more cost-competitive in
these countries despite the frequently lacking explicit support for renewables deployment. This is in
contrast to the situation in many developed countries where conventional generation sources have to a great
degree been subsidized, thus raising the bar for new entrants such as renewables.

* Conversely, countries such as Japan, USA and China “fall at the lower end of spectrum of adaptation costs as a % of
GDP, although the costs in absolute terms can be substantial” (Agrawala et al. 2010).

* This means that adaptation in Africa implies a high benefit/cost ratio and a high level of benefits in general.

* It should also be noted that Sub-Saharan Africa is the region for which “the two regional models diverge with regard
to the optimal mix of adaptation investments”. This is due to the different treatment of investments in
strengthening the underlying public health infrastructure, considered as a pre-requisite for adapting to
these impacts (Agrawala et al. 2010).
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Second, this study analyses brand-new data relating to a set of technologies of particular relevance to
Africa.’ This is an important step because it is the first time that analysis of patenting activity relating to
such technologies is conducted.® In sum, the fields covered in this paper include:

Mitigation technologies (Y02-tags)
e Renewable energy
- WIND
— SOLAR PV
— SOLAR THERMAL
- GEOTHERMAL
— MARINE & TIDAL
— HYDRO CONVENTIONAL
e Combustion-related technologies
— BIOFUELS
— WASTE-TO-ENERGY
— EFFICIENT COMBUSTION
— CARBON CAPTURE AND STORAGE

e EFFICIENT ELECTRICITY GENERATION, TRANSMISSION AND DISTRIBUTION

e ENERGY STORAGE, HYDROGEN, FUEL CELLS

e NUCLEAR ENERGY

e OTHER Y02 NOT ELSEWHERE CLASSIFIED
Adaptation technologies (Z-tags)

o DESALINATION

e  Off-grid water supply

> The specific components of the new tagging scheme related to developing countries (here referred to as “Z-tags”)
have been developed by a team of patent examiners at the European Patent Office, led by Javier Hurtado-
Albir and Victor Veefkind.

® Agrawala et al. (2012) used patent data to analyse innovation in the area of adaptation-related agricultural
biotechnology, in particular with respect to abiotic stress associated with climate change (drought, soil
salinity and temperature extremes).
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— RAINWATER COLLECTION
— WATERPUMP SOLAR_WIND
— SOLAR WATER TREATMENT
— SOLAR WATER TREATMENT — POTABILIZATION
e Dispersed electricity transmission
— HIGH VOLTAGE DIRECT CURRENT
e Remote energy services
— ENERGY SUPPLY - REMOTE
— EFFICIENT LIGHTING - REMOTE
— SOLAR COOKING
e  Weather-related
— RESILIENCE OF ELECTRICITY GRID
— SEVERE WEATHER PREDICTION
However, it must be borne in mind that the data presented are based upon information provided only
by a sub-set of African intellectual property authorities (IP offices). While data for the most important
African IP offices is available and presented here, the analysis in this paper is nevertheless biased by this
shortcoming (particularly with respect to market protection). Implications for the invention and co-

invention data presented are less acute since some of this information can be obtained indirectly through
other IP offices.

In what follows, Section 2 briefly discusses the methodology adopted to conduct the analysis. This is
followed by two substantive sections — Section 3 presents analysis of patenting activity in mitigation
technologies in the energy sector (Y02 tags), while Section 4 presents analysis of selected fields related to
adaptation (new Z-tags). In both cases, we first discuss the role of Africa in development of these
technologies (invention), and then move on to examine Africa as a technology market (as reflected in
patenting). We also briefly touch upon the question of cross-border technology development (co-
invention). Section 5 concludes the paper.

2. Methodology
2.1. Geographic scope

In addition to considering Africa as a whole, analysis is conducted at a more disaggregated level
where adequate data is available, including at the level of sub-regions:

a) Northern Africa (Morocco, Algeria, Tunisia, Libya, Egypt);

b) South Africa;
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c) Sub-Saharan Africa (remaining countries, including the OAPI and ARIPO regions).

2.2. Patent search strategies

Concerning mitigation technologies, relevant patent documents were identified using the recently-
developed classes Y02C and YO2E of the ECLA that classify patent documents in selected climate change
mitigation technologies related to energy supply (see Annex A).

However, given the rather limited volume of patents related to Africa, presenting the data at a highly
disaggregated level is often meaningless. Instead, in this study the data is presented at a somewhat
aggregated level — for 14 technological fields that are both sufficiently ‘thick’ and meaningful for policy-
makers.

In many respects, the Y02-tags have been designed around developed countries’ technological
priorities. As such, many of the technologies identified may not be fully ‘appropriate’ in the developing
country context. And while Africa’s economies are rather economically heterogeneous, the results of this
analysis confirm that the above presumption is largely true.

As a complement, Section 4 presents data on technologies that may be appropriate to meet the specific
needs of African countries — including those relevant to climate change adaptation as well as mitigation of
specific environmental needs. For simplicity, we refer to them as ‘adaptation’ technologies. See Annex B
for the description of the fields.” Although this is clearly a very restricted set of technologies, it is a first
and important step.

2.3. Construction of patent statistics

In both cases, the data is analysed by examining the country of the inventor(s), country of the
applicant (patentee), and application authority (patent office). While in much of the previous work by
authors of this paper a case was made for using ‘claimed priorities’ (as opposed to ‘singular’ priorities) as
an indicator of inventive activity, in this study we do not make this distinction due to the very limited
volume of inventive activity in Africa. We use all priority applications (incl. both singular and claimed
priorities) to measure the humber of patented inventions.

In addition, we use duplicate applications to analyse patenting activity of African inventors abroad, or
of foreign inventors in Africa. In all cases, we construct counts of patent applications (i.e. registered by the
patent system but not necessarily valid patents).

Overall, we identified 580154 patent applications tagged using the Y02 scheme (Annex A2), of which
there were 2804 applications registered with an African patent office (Annex A5), and 657 African
priorities (Annex A3; single-priority patent families with an African inventor) during 1980 to 2009. We
found no patent family members of these documents in PATSTAT that would not be Y-tagged.

We then identified the patent applications that have been tagged using the new Z scheme, and
searched for any family members that share the same priority but may not have been ‘Z-tagged’. The
benefit of such ‘expansion’ is about 15%. This is not surprising given that the exploratory tags have not yet
been fully integrated into PATSTAT. Overall, we identified 47108 patent applications relevant to the Z
scheme (Annex B2), of which there were 389 applications registered with an African patent office (Annex
B5), and 56 African priorities (Annex B3; single-priority patent families with an African inventor) during
1980 to 2009.

7 The scheme has been developed by a team of patent examiners at the European Patent Office, lead by Javier
Hurtado-Albir and Victor Veefkind.
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2.4. Caveats and limitations

As noted in the Introduction, it is important to emphasise that the results presented in this study should
be interpreted in the context of the ‘idiosyncrasies’ of PATSTAT, in particular with respect to the unequal
coverage of countries over time. While country coverage is an important piece of information in general, it
is particularly so with respect to Africa. In fact, there are only six patent authorities for which PATSTAT
includes recent (post-2000) data, with four other authorities covered only partially (Table 1).

This has only a limited effect on our ability to identify inventions that have sought protection overseas
(at an office that is covered in PATSTAT) or priority documents that have first sought protection in Africa
and subsequently overseas (“claimed priorities’), because we can impute inventor information from other
members of the same patent family. However, it does compromise our ability to identify inventions that
have sought protection solely at African authorities (singulars) or duplicate applications of foreign patents
registered with African authorities. We make efforts to qualify the findings presented here by comparing
the trends in mitigation/adaptation with overall trends — measured as “PATSTAT TOTAL” counts that
reflect the actual coverage of PATSTAT database.

Table 1. Coverage of data from African patent offices in PATSTAT

Authority From Until Nb. of years covered 1980-2009
ZA  South Africa 1971 2010 30
EG Egypt 1976 2011 30
AP ARIPO'® 1984 2011 26
MA  Morocco 1993 2011 17
oA o0ApP? 1992 2007 16
ZW Zimbabwe 1980 1995 16
ZM Zambia 1968 1994 15
MW  Malawi 1973 1994 15
KE  Kenya 1975 1989 10
DZ Algeria 2002 2005 4

Source: EPO (2011b).

3. Patenting activity in selected mitigation technologies (Y02)
3.1. The place of Africa in technology development

Figure 1 gives the breakdown of inventive activity in Africa throughout the period 1980-2009. For
presentational purposes, we aggregate the 14 technological fields into somewhat broader five major

® The African Regional Intellectual Property Organisation (ARIPO) has 17 Member States, including: Botswana,
Gambia, Ghana, Kenya, Lesotho, Malawi, Mozambique, Namibia, Rwanda, Sierra Leone, Somalia, Sudan,
Swaziland, Uganda, Tanzania, Zambia and Zimbabwe.

° The African Intellectual Property Organisation (OAPI) has 15 Member States, including: Benin, Burkina Faso,
Cameroon, Central African Republic, Chad, Congo, Cbte d'lvoire, Gabon, Guinea, Guinea-Bissau, Mali,
Mauritania, Niger, Senegal, Togo.
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categories. The Figure shows that most inventive activity occurs in energy_storage/hydrogen/fuel_cell
technologies (37%) and renewable energy (25%), in particular solar PV and solar thermal. This is followed
by nuclear energy (20%) and biomass/waste/combustion/CCS technologies (18%), especially biofuels.
Invention in efficient electricity generation/transmission/distribution is of marginal importance in Africa.

To put these figures in context, while in Africa biofuels account for 6.4% of its Y02 inventions (and
0.19% of all its patented inventions, in any field), worldwide the corresponding ratios would be 3.4% (and
0.036%). Hence, we can conclude that among all the Y02 mitigation technologies, Africa’s inventive
output in biofuels is relatively more important than what we observe worldwide. Other Y02 mitigation
technologies that are relatively frequently invented in Africa are nuclear, marine & tidal, and energy from
waste. On the other hand, solar PV is relatively less frequently developed in Africa than it is in the rest of
the world (ROW). Inventive activity in wind and combustion technologies is of approximately the same
importance as what we observe worldwide.

Figure 1. Inventive Activity in Africa: 1980-2009

(Selected mitigation technologies - YO02; Number of priorities)

a.

Nuclear energy
20%

Solar PV

7% rine & tidal

3%

Geothermal
1%
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Nuclear energy
20%

CCS
5%

Fuel from waste

Another way to assess Africa’s inventive capacity is in terms of its relative technological advantage
(RTA) in the various technologies, calculated as the share of Y02 priorities to TOTAL priorities in Africa
versus worldwide, or as Africa’s share of Y02 priorities worldwide compared to its share of TOTAL
priorities. Hence, an RTA=1 indicates that the number of inventions in Africa relative to its overall number
of inventions, is about the same as world average. An RTA>1 indicates that Africa invents relatively more
in a given field than is the case for other regions of the world. For example, while invention in mitigation
technologies (Y02) represents 3% of Africa’s overall inventive activity this compares with only 1%
worldwide, hence the RTA=3 (Figure 2). The ranking of the individual fields is the same as discussed
above. Interestingly, all 14 mitigation fields examined have RTA>1. This means that despite Africa’s
generally low volume of inventive activity, it is disproportionately directed towards Y02 technologies!
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Figure 2. Advantage of Africa versus World

(Share of Y02 priorities to TOTAL priorities in Africa versus worldwide, 1980-2009)
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In terms of average growth rates between 1980 and 2009, while worldwide the number of inventions
(priorities) in all technologies (TOTAL) has increased by 4% on average, it grew by 5% in Y02 fields. In
Africa, not only has inventive activity overall (TOTAL) increased faster (9%), but Y02 activity grew by an
extraordinary 59%, on average (Table 2).

Table 2. Average Annual Growth Rate in Inventive Activity: 1980-2008

Africa  World
Mitigation technologies (Y02) 59% 5%
All technologies (PATSTAT_TOTAL) 9% 4%

Over time, inventive activity in Africa shows some rather surprising patterns. Two observations are
noteworthy: First, development of nuclear energy technologies is startling, both in terms of relative volume
of invention as well as in terms of its timing — with a spike of activity in early 2000s (Figure 3). This is in
stark contrast with global trends which suggest a decreasing pattern over time (Figure 4). Second, another
difference relative to the rest of the world is a strong performance of energy storage/hydrogen/fuel cell
technologies in Africa between mid-1980s and mid-1990s. Finally, invention in renewable energy and in
biomass/waste/combustion/CCS technologies have grown sharply in Africa in the last decade, trends that
are similar to those observed globally.
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Figure 3. Inventive Activity in Africa

(Selected mitigation technologies - Y02; Number of priorities, 3-year moving average)
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It must be re-emphasised that the volume of inventive activity in Africa represents only a fraction of
the global efforts — 0.3% on average during 1980-2009 for all Y02 technologies. However, given the
heterogeneity of the African continent, it is not surprising that some technologies and some countries stand
out. In particular, South Africa represents an overwhelming share of Africa’s inventions. Moreover, it is
the only Al\(])‘rican country active in nuclear energy technology development (shown on right-hand scale in
Figure 5).

Figure 5. Share of World’s Inventions with African Inventor

(Y02 mitigation techs, number of priorities, 3-year moving average)
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Note: For the period 1980-2009, and for all YO2 technologies, Africa’s share is 0.28% on average, of which South Africa represents
0.24%, Northern Africa 0.02% and Sub-Saharan Africa equally 0.02%.

'°To be precise, Egypt also has one nuclear patent.
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Apart from nuclear energy, Africa has a relatively strong position in all Y02 fields (relative to Africa’s
position in other technologies) — most notably in biofuels, marine/tidal, and energy from waste (Figure 6).

Figure 6. Share of World’s Inventions with African Inventor: 1980-2009

(Y02 mitigation techs, number of priorities)
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South Africa alone is responsible for an overwhelming share (84%) of Africa’s inventions in
mitigation (Y02) technologies. Other inventor countries include Egypt, Algeria, Morocco and Kenya
(Table 3). The volume of inventions allows South Africa to achieve a rather diversified “invention
portfolio” — with a significant activity in energy storage/hydrogen/fuel cells, alongside with nuclear energy
and renewables. This is in contrast to other major African inventor countries that have a less diversified
portfolio and are active primarily in renewables.

Overall, South Africa ranks first amongst African countries in 12 out of the 14 fields studied, the
exception being geothermal energy (Burundi) and “other Y02 technologies (Morocco) (Table 4). Detailed
data on invention activity is available in Annex A3.
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Table 3. Major African Inventor Countries: 1980-2009

(Y02 mitigation techs, number of priorities)

Count % Invention portfolio
South Africa 553.3 84.2% Energy storage, hydrogen, fuel cells (40%),
Nuclear (25%),
Renewables (19%)

Egypt 18.5 2.8% Renewables (70%, esp. marine & tidal, hydro conv., solar),
Energy storage, hydrogen, fuel cells (21%)
Algeria 12.2 1.9% Renewables (66%, esp. solar thermal & PV),
Energy storage, hydrogen, fuel cells (18%),
CCS (16%)
Morocco 11.7 1.8% Renewables (54%, esp. solar, wind, hydro conv.),
Energy storage, hydrogen, fuel cells (50%)
Kenya 7.7 1.2% Biofuels + Energy from waste (65%),
Energy storage, hydrogen, fuel cells (28%)
Ghana 6.3 1.0% Renewables (96%, esp. wind, marine & tidal)
Burundi 6.0 0.9% Renewables (100%, esp. wind, solar thermal, geothermal)
Mali 4.5 0.7%
Senegal 4.0 0.6%
Zimbabwe 4.0 0.6%
Tunisia 3.8 0.6%
Rest of Africa 25.5 3.9%
Africa Total 657 100%

Note: The % shares in portfolio may sum to more than 100% because a single invention may be classified in more than one field.

Table 4. Major African inventor countries (1980-2009), by field

Field Inventor country
Renewables overall South Africa (63%), Egypt (8%)
Wind South Africa (53%), Burundi (14%), Ghana (14%), Morocco (7%)
Solar PV South Africa (72%), Algeria (14%)
Solar thermal South Africa (46%), Algeria (13%), Burundi (10%), Morocco (6.5%), Senegal (6.5%)
Geothermal Burundi (71%), Cote d’lvoire (14%), Libya (14%)
Marine & tidal South Africa (67%), Egypt (19%), Mauritius (9.5%)
Hydro conv. South Africa (61%), Egypt (18%), Morocco (12%), Cameroon (6%)
Biofuels South Africa (74%), Kenya (12%)
Energy from waste South Africa (62%), Kenya (24%), Mali (9.5%)
Combustion South Africa (99%)
CCS South Africa (87%), Algeria (6.5%)
Nuclear energy South Africa (99%)

Efficient electricity gen, South Africa (80%), Morocco (20%)

trans, distr.

Energy StOrage, ¢ th Africa (89%)
hydrogen, fuel cells

Other Y02 Morocco (100%)
All YO2 South Africa (77%)
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To put these figures in context, South Africa’s patented inventions (single-priority patent families)
account for about 0.33% of the worldwide stock of inventions in mitigation technologies, that is more than
twice as much as for all technology fields taken together (0.15%) (Table 5). The corresponding figures for
Africa as a whole are 0.39% and 0.18%. This means that African inventors have a ‘relative technological
advantage’ (RTA) in mitigation technologies because they are more likely to develop mitigation
technologies than an ‘average* technology (shown as 0.39/0.18=2.2 in Figure 7). Countries such as Ghana,
Algeria and Senegal have the highest RTA in mitigation technologies. These figures are also shown in
Map 1.

Table 5. The share of world’s inventions that originate in Africa: 1980-2009

(Number of priorities with African inventor divided by number of priorities worldwide)

Y02 TOTAL
Inventor country priorities  priorities
South Africa 0.33% 0.15%
Egypt 0.01% 0.01%
Algeria 0.01% 0.00%
Morocco 0.01% 0.01%
Kenya 0.00% 0.00%
Africa total 0.39% 0.18%

Figure 7. Relative Technological Advantage of African Countries

(Country’s share of Y02 priorities worldwide compared to its share of TOTAL priorities, 1980-2009)
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Map 1. Relative Technological Advantage of Africa

(Mitigation Technologies — Y02)
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Note: The map shows countries with a minimum of 50 patent priorities in total (PATSTAT_TOTAL). This map is without prejudice
to the status of or sovereignty over any territory, to the delimitation of international frontiers and boundaries.
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It is interesting that for only a small percentage of African inventions (10%) protection is sought in
Africa. This may, of course, have something to do with the strength of IP regimes. In Figure 8 total patent
counts per unit of GDP (1980-2009) are juxtaposed with the strength of intellectual property rights
regimes."" There is a positive correlation overall but this is entirely due to the observation for South Africa;
issues of data availability from many offices mean that great caution should be exercised in interpretation
(see Section 2.4).

Figure 8. Total Patent Applications per GDP (1980-2009) and Strength of IP Regime
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In fact, rather than in Africa, African innovators seek protection more often in the United States
(27%), the EPO (24%), Germany (13%) and Canada (10%). On the other hand, only 6% of inventions seek
protection in China and only 3% in Japan and Korea (Table 6). It is interesting to compare these figures
with those for world’s Y02 priorities. For example, while 14% of African Y02 inventions seek protection
at the EPO, there would be as many as 22% of world’s Y02 inventions that would do so. African Y02
inventors are thus less likely to seek protection at the EPO than the average world inventor. Perhaps the
most striking is the difference for Japan and WIPO. However, it should be born in mind that we miss much
African office data (see Section 2.4).

" The Ginarte-Park Index of Patent Rights (2005). For a discussion of the derivation of the index see Ginarte and
Park (1997). See also Park and Lippoldt (2008) for the underlying data.
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Table 6. Markets where protection for African inventions is sought: 1980-2009

(Selected mitigation technologies — Y02 tags)

African World

Application authority (patent office) priorities  priorities
United States 27% 41%
International Bureau of WIPO 15% 1%
European Patent Office (EPO) 14% 22%
Germany 13% 19%
Canada 10% 8%
China 6% 10%
South Africa 5% 1%
Austria 5% 3%
Korea 3% 6%
United Kingdom 3% 3%
Japan 3% 33%
Australia 2.3% 7%
African Intellectual Property Organization (OAPI) 2.3% 0.1%
Spain 1.9% 2.7%
Mexico 1.8% 1.1%
Egypt 1.3% 0.05%
Denmark 0.9% 1.3%
Norway 0.9% 1.0%
Morocco 0.8% 0.1%
Russia 0.7% 1.0%
Chinese Taipei 0.6% 1.3%
France 0.6% 4%
Eurasian Patent Organization (EAPO) 0.5% 0.2%
African Regional Industrial Property Org. (ARIPO) 0.5% 0.01%
Algeria 0.3% 0.01%
ROW 3% 10%
AFRICA OVERALL (all patent offices) 10% 1.2%

Note: The values sum here to more than 100% because an invention may seek protection in more than one
jurisdiction, or through alternative routes (e.g. regional or international route).

These patterns vary somewhat across different technological fields, but the US and the EPO remain
the most frequent jurisdictions where patent protection for African inventions is sought. Other interesting
cases include, for example, 9% of African priorities in wind energy and 11% in solar thermal seek
protection in South Africa, solar thermal at OAPI (11% of African priorities), biofuels in Canada (11%),
CCS in the UK and Norway (13 and 10%, respectively), energy storage/hydrogen/fuel cells in Germany
and Canada (24% and 13%, respectively), and nuclear energy in China and Canada (12% in both cases).
Detailed data on patenting activity by African countries is included in Annex A4.

Who ‘owns’ inventions originating in Africa? Not surprisingly, South Africa is the most important
‘applicant country’. Overall, as many as 78% of African inventions (that is, patent families with priority in
Africa) have been patented by applicants residing in Africa, including countries of northern Africa (esp.
Algeria and Egypt) and Sub-Saharan Africa (Figure 9a). This share has increased to 87% in the last decade
(Figure 9b). While historically countries of the European Union have accounted for much of remainder
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(esp. Luxembourg), their share has decreased recently (with Belgium as the major applicant). This slack
has been largely picked up by South Africans.*

Figure 9. Ownership of African Inventions

(Selected mitigation technologies, Y02)

Northern
Africa 5.2%
Subsaharan
Africa 5.5%

US 3.1%

ROW 1.6%

Note: Based on a total of 599 inventions during 1980-2009 for which the country of both the inventor and the applicant is known.

b. 2000-2009

Northern
Africa 7.3%

Subsaharan
Africa 4.0%

ROW 1.7%

Note: Based on a total of 392 inventions during 2000-2009 for which the country of both the inventor and the applicant is known.

12 It should be noted that it is rather rare that applicant data be available for these applications. As such, these figures
should be taken “with a grain of salt”. This is in contrast to data on inventors (and co-invention) that is much
more complete (where possible, we have imputed missing inventor data using information on other patent
family members). Such imputation is not possible for applicants.
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Conversely, when it comes to African ownership of foreign (that is, non-African) inventions, the
major applicant country is South Africa, followed by Sao Tome and Principe and Algeria (Figure 10). Tax
incentives may well play a role in explaining this distribution.

Figure 10. African Ownership of Foreign (Non-African) Inventions: 1980-2009

(Selected mitigation technologies, Y02)

Note: Based on a total of 118 inventions during 1980-2009 for which the country of both the inventor and the applicant is known.
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Finally, Table 7 gives the most active African applicants (protecting African or non-African
priorities). The list is dominated by South African patentees.

Table 7. Top African Patentees, Protecting Anywhere in the World: 1980-2009

(Country of the applicant; selected mitigation technologies Y02)

Standardized name Country N.b' o.f
applications
PEBBLE BED MODULAR REACTOR South Africa 74
TECHNOLOGY FINANCE CORPORATION South Africa 24
SOUTH AFRICAN INVENTION DEV CORP South Africa 22
SASOL TECHNOLOGY South Africa 18
ESKOM South Africa 15
FITTER JOHAN C. South Africa 15
UNIVERSITY OF JOHANNESBURG South Africa 11
ANGLO AMERICAN RESEARCH LABORATORIES South Africa 8
STUDIENGESELLSCHAFT FUER ENERGIESPEICHER Sao Tome 7
UND ANTRIEBSSYSTEME (SEA) and Principe
GRINAKER EQUIPMENT CO South Africa 6
UNIVERSITY OF THE WITWATERSRAND JOHANNESBURG South Africa 6
HIGHVELD STEEL AND VANADIUM CORPORATION South Africa 5
COUNCIL FOR SCIENTIFIC AND INDUSTRIAL South Africa 5
RESEARCH (CSIR)

DE BEERS INDUSTRIAL DIAMOND DIVISION South Africa 5
HYDROX HOLDINGS South Africa 5
HUMAN JAN PETRUS South Africa 4
MERLIN GERIN South Africa 4
BHP BILLITON South Africa 4
MEYER THOMAS JOHN South Africa 3
O CONNOR GAVIN PAUL South Africa 3
NASS HELMUT KARL South Africa 3
EVANS BRIAN ANTHONY South Africa 3
ELEMENT SIX South Africa 3
AZAR JOHN Burundi 3
HIHI BACHIR Algeria 3
BRITS GAVIN JOHN South Africa 3
Grand total (with known applicant country) 512

Note: Applicant names have been standardized and cleaned manually. (The HAN concordance does not cover African applicants.)
Applicant’s country is only indicative.

35



ENV/WKP(2012)9

3.2. Africa as a market for technology

Figure 4 above shows inventive activity worldwide in selected mitigation technologies. This section
examines to what extent innovators seek protection for these inventions in Africa. Overall, less than 1% of
Y02 patenting activity worldwide targets African countries, of which South Africa is the dominant market.
Other major markets include Morocco and Egypt (Figure 11). However, while the available data indicate a
very low propensity to protect inventions in Africa, this conclusion must be qualified in the light of

PATSTAT’s coverage (see Section 2.4).

Nevertheless, while 0.7% of world’s patent applications in mitigation technologies (Y02) registered at
one of African patent offices is low, it is higher than the propensity to patent in Africa for all technologies

overall (TOTAL) which is less than 0.5%.
Figure 11. Patenting Activity across Different Continents (1980-2009)

(Selected mitigation technologies — Y02, by application authority)
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During the last 30 years, there has been a considerable variation in Y02 patenting activity in Africa,
starting from a high of 166 patent applications in 1982 to a low of 45 applications only ten years later in
1992. Since then patenting has increased again. Interestingly, these variations seem to have little to do with

a specific technological field, and rather seem to be a general phenomenon (Figure 12).
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Figure 12. Patenting Activity in Africa (1980-2009)

(African application authorities, 3-year moving average)
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In fact, a closer look at the data indicates that the large variations are due to changes in duplication
patterns — i.e. duplicate applications in Africa for inventions originally protected elsewhere. In contrast,
priority patenting in Africa has remained rather stable over time, and has even increased after year 2000
(Figure 13). The ratio of duplicates to priorities has been particularly high in Africa (but similar to the
proportion found in South America). Almost all priorities are singulars, with protection sought at only one
office.

Figure 13. Priority versus Duplicate Filings in Africa
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To put these figures in context, while in Africa about 0.14% of all patents are in biofuels, worldwide
this is only 0.04%. Other Y02 mitigation technologies that are relatively frequently patented in Africa are
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nuclear, CCS, marine & tidal, and combustion. On the other hand, energy storage/hydrogen/fuel cells and
solar PV are relatively less frequently protected Y02 technologies in Africa than they are in the rest of the
world. Overall, the propensity to protect mitigation technologies (Y02) is greater in Africa than what we
observe worldwide. While Y02 technologies account for 1.7% of overall patenting in Africa, they account

for only 1.2% worldwide. In Figure 14 this is shown as 1.7/1.2=1.4.

Figure 14. Propensity to Protect Mitigation Technologies in Africa Relative to World Totals

(Share of Y02 priorities to TOTAL priorities in Africa versus worldwide, 1980-2009)
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During the period 1980-2009, the number of Y02 patents registered with African patent offices has

been constant, while patenting overall went down by 2.2% (Table 8).
Table 8. Average Annual Growth Rate in Patenting Activity: 1980-2008

(Number of patent applications registered)

African offices World

Mitigation technologies (Y02) 0.0% 3.8%
All technologies (PATSTAT_TOTAL) 2.2% 3.1%

Despite the general pattern, there are differences across fields — with inventions in wind, CCS and
biofuels becoming relatively more frequently protected, while patenting in energy storage/hydrogen/fuel

cells, nuclear and solar thermal energy have decreased in importance (Figure 15).
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Figure 15. Patenting Activity in Africa: 1980-2009
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Are particular countries more attractive for patent protection of Y02 technologies than others? To
answer this question we examine the propensity to patent at different African authorities. We first calculate
the shares of world’s inventions that seek protection in Africa, for Y02 technologies and overall (Table 9).
These figures suggest that on average an inventor is almost twice as likely to patent a mitigation
technology in South Africa as s/he is to patent an ‘average’ technology there.

Table 9. The share of world’s inventions for which protection has been sought in Africa: 1980-2009

(Number of applications registered at African patent offices divided by number of priorities worldwide)

Y02 TOTAL
Application authority (patent office) priorities  priorities
South Africa 1.00% 0.53%
African Intellectual Property Org. (OAPI) 0.07% 0.03%
Morocco 0.06% 0.03%
Egypt 0.05% 0.03%
Algeria 0.01% 0.01%
African Regional Industrial Property Org. (ARIPO) 0.01% 0.02%
Zimbabwe 0.01% 0.01%

Next, we take the ratio of these shares and interpret them as “propensities to patent”. A propensity
equal to one indicates that a Y02 invention is as likely to be patented in the country as is an ‘average’
invention. Taking the example of South Africa, the propensity to patent a Y02 invention there is
1.00/0.53=1.89 relative to an “average’ invention (Figure 16). This data is also shown in Map 2.
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Figure 16. Relative Propensity to Protect Mitigation Technologies in Africa versus Worldwide

(Country’s share of Y02 patents worldwide compared to its share of TOTAL patents, 1980-2009)
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Map 2. Relative Propensity to Protect Mitigation Technologies in Africa

Zambia, 0.5
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Note: The map shows countries with a reasonable coverage in PATSTAT. This map is without prejudice to the status of or
sovereignty over any territory, to the delimitation of international frontiers and boundaries.

In order to get some idea whether this matches the size of different African markets for the relevant
technologies we extracted data from the UN Comtrade database on commodity imports. Unfortunately
there are few commodity classifications that can be mapped directly on environmental/climate-related
technologies. Figure 17 gives the import shares of wind power generating equipment*® for different African
economies over the period 1990-2009. Egypt dominates, followed by Morocco and Sudan. The main
differences to note with respect to the patent protection data are the high share of Sudan and the low share
of South Africa. However, as noted above (Table 4) South Africa is itself a significant inventor of wind
power technologies, which may explain its low import share of wind power generating equipment.

3 HS 850231 - wind-powered generating equipment.
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Figure 18 plots the patents registered in Africa against imports of wind power technologies for
countries for which both patent data and trade data are available.

Figure 17. Import Shares of Wind-Power Technologies to Africa (1990-2009)
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Figure 18. Imports versus Patenting in Wind-Power Technologies in Africa
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The HS classification includes a separate code which is relevant for solar PV equipment.** The data
suggests that the most important importers of solar PV equipment are South Africa, Morocco, Algeria and
Kenya (Figure 19). Similarly as above, we then plot these data against the corresponding patent
registrations for countries where both data sources are available (Figure 20). The correlation is positive and
surprisingly high (0.98).

Figure 19. Import Shares of Solar PV Technologies to Africa (1990-2009)
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Figure 20. Imports versus Patenting in Solar PV Technologies in Africa
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* HS 854140 - Photosensitive/photovoltaic/LED semiconductor devices
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Finally, in the case of import shares of nuclear power equipment™ South Africa dominates followed
by Nigeria and Morocco (see Figure 21).

Figure 21. Import Shares of Nuclear Power Technologies to Africa (2005-2009)

Morocco Other

We also examine the relationship between CO, emissions intensity of energy production and patenting
of mitigation technologies in Africa. Figure 22 plots the change in CO»-emission intensity of electricity and
heat generation between 1980 and 2009 against the relative propensity to protect in Africa. The correlation
is positive (0.43) and unlike some of the correlations/scatter plots presented above it is rather robust to
outliers.

Figure 22. Patenting of Mitigation Technologies and Trends in CO2 Emissions (1980-2009)
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What is the ‘origin’ of the inventions that are protected in Africa? Overwhelmingly, Y02 inventions
have been invented in OECD countries and this fact has changed little over time. While in the 1980s over a

5 HS 8401 — Nuclear reactors, fuel elements, isotope separators
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half of all inventions patented in Africa originated in only two countries (United States and France), their
share has come down significantly in the last decade as Germany has become the most important ‘origin’
(Figure 23). At the same time, the share of African countries has increased from less than 1% to over 8%.

Figure 23. Patenting in Africa by Inventor Country: 2000-2009

(Patent applications registered at African patent offices, by country of the inventor)

Canada2% _Japan 2%
Korea 2%
Israel 1%
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Note: The Figure shows data for the period 2000-2009. There were very few African inventions patented in Africa prior to this period.
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Who are the ‘owners’ of the inventions that seek protection in Africa? While applicant data are often
missing (see the counts of “unknown” in Table 10), the available evidence suggests that overwhelmingly
they are European, followed by US patentees (Table 11).'°

Table 10. Invention & ownership of inventions protected in Africa (1980-2009)

(Inventor and applicant country of applications deposited at African patent offices)

Applicant

countries o . _§ " _
S z g § ;ED o E -rgu g
= = - ©

Inventor §< g g E = E g E £ 2 -rzs g g _(%
countries s £ & 5 § 5 2 & & 2 8 B 2 &
unknown 836 13 3 14 2 10 8 1 6 902
United States 524 47 0.5 571
France 362 82 0.5 2 447
Germany 276 57 0.3 3 0.3 1 341
United Kingdom 54 0.5 7 0.5 62
Canada 38 1 0.5 7 46
South Africa 3 0.3 31 05 0.5 35
Italy 28 1 33
Japan 26 1 29
Sweden 27 28
Spain 17 1 9 27
Netherlands 22 3 25
Israel 20 1 25
Switzerland 20 4 24
Belgium 18 1 23
Austria 15 1 6 22
Australia 4 8 13
China 12 0.3 13
Norway 8 12
Korea 11 0.5 12
India 11 11
Brazil 7 9
Finland 8 9
Denmark 8 8
Egypt 0 0.3 7 8
Morocco 2 1 7
Grand Total 2390 99 64 63 34 20 16 10 9 9 8 8 7 2804

'* Due to the large proportion of missing data, caution should be taken to interpret these statistics.
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Standardized name Country ap:IliZ.aIfc)i]:)ns
FRAMATOME France 158
WESTINGHOUSE ELECTRIC USA 70
DURACELL USA 42
ALOYS WOBBEN Germany 38
SHELL INTERNATIONAL RESEARCH SOCIETY Netherlands 33
AREVA NC France 33
UNITED TECHN CORP USA 32
CHLORIDE GROUP United Kingdom 29
AIR LIQUIDE France 29
ENERGY CONVERSION DEVICE USA 28
LILLIWYTE SOCIETE ANONYME 23
UNION CARBIDE USA 22
SIEMENS Germany 21
THE BOC GROUP USA 21
LES PILES WONDER France 18
COMMUNAUTE EUROPEENNE DE L'ENERGIE ATOMIQUE (EURATOM) 18
VARTA Germany 18
AIR PROD & CHEM USA 18
KRAFTWERK UNION Germany 17
IMPERIAL CHEM IND United Kingdom 17
PRAXAIR TECHNOLOGY USA 15
COMMISSARIAT A L'ENERGIE ATOMIQUE (CEA) France 15
OWENS ILLINOIS USA 14
KAWASAKI JUKOGYO Japan 14
AGENCE NATIONALE DE VALORISATION France 13
DE LA RECHERCHE (ANVAR)
Grand total (with known applicant country) 3074

Note: Applicant names have been standardized using a two-stage procedure — first using the HAN concordance, followed by
additional manual cleaning. Applicant’s country is only indicative.
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3.3. International collaboration in technology development

International collaboration is of particular relevance in the field of climate change mitigation. In this
respect, patent data can be used to develop indicators of co-invention — that is counts of priorities that
involve inventors from more than one country (see OECD 2012b).

Overall, 23% of African inventions in mitigation technologies involve co-invention. This contrasts
with 12% of Y02 inventions co-invented worldwide, and 9% of inventions overall (in all fields) co-
invented worldwide. Hence, Y02 technologies have a generally greater rate of co-invention, but this is
particularly the case in Africa!

Biofuels and efficient combustion technologies tend to involve most co-invention, with nuclear energy

and energy from waste having the least co-invention (Table 12). As a point of comparison, it is interesting
to note that the rate of co-invention is lower worldwide than in Africa in every Y02 field except for solar

thermal, nuclear energy, and waste-to-energy.
Table 12. Co-invention in Africa (1980-2009)

(Y02 mitigation technologies, 1980-2009)

Co-invention rate Co-invention rate

in Africa worldwide

Biofuels 47% 20%
Efficient combustion 42% 15%
Wind 37% 12%
Hydro conventional 35% 9%

Energy storage, hydrogen, fuel cells 29% 12%
CCS 25% 19%
Renewable energy (overall) 20% 11%
Solar PV 15% 14%
Marine & tidal 9% 6%

Solar thermal 5% 8%

Nuclear energy 1% 6%

Energy from waste 0% 11%
Y02 (overall) 23% 12%

Note: Co-invention rate refers to the share of priorities that involve inventors from more than one country. This could be a country in
Africa or elsewhere in the world.

Interestingly South Africa, while ranking as the major inventor in Africa, is less likely to co-invent
with others in developing mitigation technologies. Countries that are most likely to co-invent include
Tunisia, Morocco, Egypt, Kenya and Mali — all of whom co-invent at least 50% of their inventions with

inventors in other countries (Table 13).
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Table 13. Top African co-inventors
(Y02 mitigation technologies, 1980-2009)

Co-invention rate

Tunisia 67%
Morocco 61%
Egypt 56%
Kenya 55%
Mali 50%
Algeria 21%
South Africa 16%
Ghana 14%
Africa (all countries) 23%

The most frequent partner countries include the US, UK, Belgium, Germany and Sweden (for whom
South Africa is the primary co-inventor partner in Africa) as well as France and Canada (for whom other
African countries are equally important co-invention partners) (Table 14). Finally, it is important to point
out that there is very little evidence of intra-Africa co-invention, with a single documented case (Kenya-
Egypt), suggesting that every African country is an “island”. The most important co-invention relations are
summarized in Map 3.

Table 14. Bilateral co-invention cooperation between African countries and the world

(Selected mitigation technologies Y02, 1980-2009)

. 5

OB 2z 3

Z '% € g w 5] S % T g

2 & & E 2 ¢ B £ 2§ T & £ POz g

5 5 & & & 3 8 & & = 5 & 2z 2 2 £
South Africa 11 34 18 11 1 12 3 2 2 5 1 3 3 106
Egypt 9 5 1 1 2 1 19
Morocco 2 2 4 3 2 2 16
Kenya 4 2 2 8
Nigeria 3 1 1 1 1 1 8
Algeria 3 1 1 5
Gabon 1 4 5
Tunisia 1 3 1 5
Chad 4 4
Cameroon 1 1 1 3
Ghana 1 1 1 3
Libya 3 3
Mali 3 3
Mauritius 1 1 3
other Africa 2 1 1 2 1 1 1 4 13
This total 39 38 25 17 13 12 10 8 7 5 5 4 3 3 15 204

Note: The only case of intra-African co-invention is Kenya-Egypt (2 priorities).

49



ENV/WKP(2012)9

Map 3. International Co-invention between African Countries and the World

Note: The map shows co-invention between South Africa and the UK, USA, Belgium, Germany and Sweden, between
Maghreb countries and US, between Maghreb and France, and between, countries of Sub-Saharan Africa and the USA. This
map is without prejudice to the status of or sovereignty over any territory, to the delimitation of international frontiers and
boundaries.

4. Patenting activity in selected adaptation technologies (Z-tags)"’
4.1. The place of Africa in technology development

In terms of adaptation technologies, Figure 24 gives the breakdown of inventive activity in Africa
during 1980-2009. For presentational purposes, we aggregate the 11 technological fields (Annex B1) into
somewhat broader five major categories. Overall, there are only 56 priorities invented by African
inventors, with almost half of them in desalination (45%), followed by energy supply for remote areas
(25%). Surprisingly, there are no African inventions in solar cooking. For detailed data see Annex B3.

Y More precisely, “in technologies suitable for addressing specific environmental needs of African countries”. (See
also Section 2.2.)
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Figure 24. Inventive Activity in Africa: 1980-2009

(Number of priorities in selected adaptation technologies, Z-tagged)
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Given the low numbers, it is not very illuminating to show trends over time. As a consequence we do
so only for inventive activity worldwide in order to give an indication of temporal trends (Figure 25).

Figure 25. Inventive Activity in Adaptation Techs Worldwide

(Number of priorities in selected adaptation technologies (Z-tags), 3-year moving average)
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Historically, the share of African inventors has been very low most of the time. Since 2000, this share
has stabilized at around 0.26% (Figure 26). However, the share is much higher in desalination technologies
(0.41%) (Figure 27).

Figure 26. Share of World’s Inventions with African Inventor

(Selected adaptation technologies (Z-tags), number of priorities, 3-year moving average)
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Figure 27. Share of World’s Inventions with African Inventor: 1980-2009
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South Africa is the most important inventor country (53% of inventions) but its dominance is much
less than is the case in mitigation technologies.
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Table 15. Major African Inventor Countries: 1980-2009

(Selected adaptation technologies - Z tags, number of priorities)

Count % Invention portfolio
South Africa 30 53% Desalination (26%), Energy supply in remote locations (21%)
Morocco 8 13% Desalination (26%)
Egypt 7 12% Desalination (58%)
Africa Total 56 100%

The proportion of African adaptation inventions for which protection is sought in Africa is 81% — a
much greater share than is the case for mitigation technologies. In South Africa alone, as much as 47% of
African adaptation-related inventions seek protection, compared with only 1% of worldwide adaptation
priorities. African inventors are also more likely to use the PCT (WIPO) route to protect their inventions,
and they are more likely to protect elsewhere in Africa as well as in Australia and Norway (Table 16 and
Annex B4).

There is very little information on ownership of African adaptation-related inventions — in fact, there
are only 20 African priorities during 1980-2009 for which applicant data is available.
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Table 16. Markets where protection is sought for African inventions: 1980-2009

(Selected adaptation technologies — Z tags)

Application authority (patent office) P'?:{(;:f(;?iZs V:)/Siggi\z:ie
South Africa 47% 1%
United States 26% 20%
International Bureau of the World Intellectual Property Organization (WIPO) 22% 0.4%
European Patent Office (EPO) 18% 12%
Australia 16% 8%
United Kingdom 13% 3%
Canada 12% 4%
Germany 10% 16%
African Intellectual Property Organization (OAPI) 10% 0.2%
Morocco 10% 0.2%
Egypt 9% 0.2%
Norway 8% 1%
China 7% 23%
Spain 5% 3%
Brazil 4% 2%
Czech Republic 4% 0.3%
Israel 4% 1%
Hungary 1% 0.2%
Eurasian Patent Organization (EAPO) 4% 0.2%
Austria 4% 3%
Japan 4% 34%
Korea 4% 4%
Portugal 4% 0.5%
Hong Kong, China 4% 0.2%
Chinese Taipei 4% 0.3%
Slovak Republic 4% 0.1%
New Zealand 4% 1%
Iceland 4% 0.1%
Bulgaria 4% 0.2%
African Regional Industrial Property Organisation (ARIPO) 4% 0.2%
Algeria 1% 0%
Zimbabwe 0% 0.01%
Tunisia 2% 0.0%
ROW 19.3% 14.0%
At least one patent office in Africa 81% 1%

Note: The values sum here to more than 100% because an invention may seek protection in more than one jurisdiction, or

through alternative routes (e.g. regional or international route).
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4.2. Africa as a market for technology

While for mitigation technologies Europe is the principal market (see Section 3.2 above), the most
important market for the selected adaptation technologies is Asia (Figure 28). The share of Africa is low,
with only about 1% of world’s patents for adaptation technologies registered with African patent offices.
And while South Africa is, again, the major African country where patent protection is sought, its share is
much lower than was the case for mitigation techs. Conversely, the share of Sub-Saharan countries is
greater (mostly through OAPI and ARIPO). (For detailed data see Annex B5.)

Figure 28. Patenting Activity across Different Continents: 1980-2009

(Selected adaptation technologies — Z, by application authority)
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Among the adaptation technologies examined, desalination is by far the most important technology
protected in Africa. This is followed by solar water treatment (incl. potabilization) and energy supply in
remote locations. This pattern has changed little over time (Figure 29). It is noteworthy that there have
been very few patents in fields that would seem highly relevant for addressing some of the Africa’s most
pressing environmental needs, such as solar cooking and rainwater collection. However, this may be a
consequence of the ‘narrowness’ of these technological fields — that is, the low volume of inventions in
these technologies more generally. We address this point next.
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Figure 29. Patenting Activity in Africa: 1980-2009

(African Z- application authorities, 3-year moving average)
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Indeed, when we control for the overall volume of patents in a given field and their propensity to be
patented widely, we conclude that many adaptation technologies tend to be protected relatively more often
in Africa than elsewhere in the world. This is true especially for grid resilience and desalination, and to a
lesser extent for solar water treatment and severe weather prediction (Figure 30). Conversely, solar
cooking and efficient lighting for remote locations are relatively less frequently protected in Africa than
elsewhere. Again, this is rather surprising.
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Figure 30. Relative Propensity to Protect Adaptation Technologies in Africa

(Africa’s share of Z-tagged patents worldwide compared to its share of TOTAL patents, 1980-2009)
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During the period 1980-2009, the number of adaptation-related patents registered with African patent
offices increased every year by as much as 17% on average, while patenting in general actually decreased
(Table 17).

Table 17. Average Annual Growth Rate in Patenting Activity: 1980-2008

African offices World

Adaptation technologies (Z-tags) 17% 5%
All technologies (PATSTAT_TOTAL) 2% 3%

Interestingly, adaptation technologies are much more likely to be protected in northern Africa and
sub-Saharan Africa than in South Africa. For example, compared with an ‘average’ technology, an
adaptation technology is 7-times more likely to be protected at ARIPO and OAPI (Figure 31a). Overall,
these figures suggest that adaptation technologies are significantly more likely to be protected in Africa
than are mitigation technologies (Figure 31b).
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Figure 31. Relative Propensity to Protect Adaptation Technologies in Africa

(Country’s share of Z-tagged patents worldwide compared to its share of TOTAL patents, 1980-2009)
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The adaptation technologies patented in Africa originate predominantly in OECD countries (76%).
Similarly as with mitigation technologies, the US and Germany are still the major inventors. They are
followed by Australia with an unusually high share of 9%. Conversely, the shares of Japan and Korea are
extremely low. The proportion of Africa’s own inventions is as much as 17% - a much higher share than
for mitigation (Figure 32).

The list of the most frequent applicants is composed of European and US firms (Table 18). (The usual
caveat about availability of applicant data applies.)
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Figure 32. Patenting in Africa by Inventor Country: 2000-2009

(Patents registered at African patent offices, by country of the inventor; Selected adaptation technologies — Z
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Note: The Figure shows data for the period 2000-2009. There are few African adaptation inventions patented in Africa prior to this
period.

Table 18. Top Applicants Protecting in Africa: 1980-2009
(Adaptation technologies, Z-tags)

Standardized name Country N.b' O.f
applications

ABB Sweden 14
SNAM PROGETTI SPA Italy 11
DOW CORNING CORPORATION USA 6
AGENCE NATIONALE DE VALORISATION France

DE LA RECHERCHE (ANVAR) 4
WATER STANDARD COMPANY LLC United Kingdom 4
OWENS ILLINOIS INC USA 4
SOLAR SOLUTIONS LLC USA 3
ROHM AND HAAS COMPANY USA 3
COMMISSARIAT A L'ENERGIE ATOMIQUE (CEA) France 3
AKZO NOBEL Netherlands 3
D.D.C. PLANUNGS- ENTWICKLUNGS- UND MANAGEMENT  Germany 3
PRESTIDGE D. JOSHUA USA 3
GARFIELD INTERNATIONAL INVESTMENTS LIMITED United Kingdom 3
BARRETO AVERO MANUEL Spain 3
IND PIRELLI SPA Italy 3
SOCIETE D'ETUDES ET DE RECHERCHES DE L'ECOLE France

NATIONALE SUPERIEURE D'ARTS ET METIERS 3
MANUEL BARRETO AVERO Spain 3
ARCELOR MITTAL - STAINLESS & NICKEL ALOYS France 3
Grand total (with known applicant country) 405

Note: Applicant names have been standardized and cleaned manually. Applicant’s country is only indicative.
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4.3. International collaboration in technology development

There is very little co-invention activity, mostly in desalination (Table 19), and primarily with South
Africa (Table 20).

Table 19. Co-invention in Africa: 1980-2009

(Adaptation technologies, Z-tags)

Co-invention rate  Co-invention rate

in Africa worldwide
Desalination 31% 10%
Solar water treatment 30% 8%
Remote energy supply 0% 6%
Other Z-tags 0% 7%
Adaptation techs (Z-tags) overall 21% 7%

Note: Co-invention rate refers to the share of priorities that involve inventors from more than one country. This could be a country in
Africa or elsewhere in the world.

Table 20. Bilateral co-invention between African countries and the world: 1980-2009

(Adaptation technologies, Z-tags)
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South Africa 3 2 2 7
Sudan 2 2 4
Morocco 1 1
Niger 1 1
Cameroon 1 1
This total 3 2 2 2 2 1 1 1 14
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5. Conclusions

In this paper we have presented data on the invention and protection of climate change mitigation and
adaptation technologies in Africa. We find that:

Despite Africa’s generally low volume of inventive activity, it is disproportionately directed
towards climate mitigation technologies, and to a lesser extent toward adaptation technologies. In
addition, the rate of growth is high relative to the rest of the world.

With respect to mitigation, and in comparison with specialisation in the rest of the world,
inventive activity is relatively low in Africa in the solar PV sector, whereas in the sectors of
biofuels, carbon capture and storage, solar thermal, and waste-to-energy it is relatively high.

Among adaptation technologies, African inventors have a particular focus on desalination, off-
grid water supply and remote energy service technologies.

In terms of protection, although the absolute numbers are very low, there is a relatively high
propensity to protect mitigation technologies in Africa relative to protection of other
technologies. This is even more evident for adaptation technologies.

Inventive activity is dominated by South Africa. To a slightly lesser extent, South Africa also
dominates in terms of number of patents registered for protection. Countries in Sub-Saharan
Africa seem to be a relatively frequent target for protecting adaptation technologies.

It must be emphasized that in absolute terms a relatively small number of mitigation and
adaptation inventions are protected in Africa, providing indirect evidence that IP is not a barrier
to technology transfer and diffusion.

There is relatively little evidence of patenting activity among BRIC countries, despite the
increasingly important role played by countries such as China in a number of African economies.
Europe is important but on a decreasing slope (at least in terms of ownership of patents.) The role
of Japan and Korea is very limited.

The rate of co-invention for most mitigation and adaptation technologies is much higher in Africa
than in the rest of the world. However, there is very little evidence of intra-Africa co-invention
and cross-border patenting — every country is an ‘island' within the continent, with links outside
the continent.

However, the reader should keep in mind that these results must be qualified due to problems of data
availability from some offices in Africa. This is particularly important when assessing the likelihood of
protection of inventions in different African countries.
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ANNEX A. SUPPLEMENTARY INFORMATION TO SECTION 3

Table Al. Patent search strategy for selected mitigation technologies 1

Field Description ECLA Y-tag

WIND
YO02E10:7

Wind energy

All subclasses, including:

- Wind turbines with rotation axis in wind direction; including: Blades or rotors; Components or
gearbox; Control of turbines; Generator or configuration; Nacelles; Offshore towers; Onshore
towers

- Wind turbines with rotation axis perpendicular to the wind direction

- Power conversion electric or electronic aspects; including: for grid-connected applications;
concerning power management inside the plant, e.g. battery charging/discharging, economical
operation, hybridisation with other energy sources

SOLAR PV
Y02E10:5
Solar photovoltaic (PV) energy
All subclasses, including:
- PV systems with concentrators
- Material technologies, including: CulnSe2 material PV cells; Dye sensitized solar cells; Solar cells
from Group II-VI materials; Solar cells from Group IlI-V materials; Microcrystalline silicon PV
cells; Polycrystalline silicon PV cells; Amorphous silicon PV
- Power conversion electric or electronic aspects, including: for grid-connected applications;
concerning power management inside the plant, e.g. battery charging/discharging, economical
operation, hybridisation with other energy sources
- Power conversion electric or electronic aspects; Maximum power point tracking (MPPT)
SOLAR THERMAL
YO2E10:4
Solar thermal energy
All subclasses, including:
- Tower concentrators; Dish collectors; Fresnel lenses; Heat exchange systems; Trough
concentrators; Solar thermal plants for electricity generation, e.g. Rankine, Stirling solar
thermal generators; Mountings or tracking; Mechanical power, e.g. thermal updraft
Thermal-PV hybrids Y02E10:6
GEOTHERMAL
Y02E10:1
Geothermal energy
All subclasses, including:
- Earth coil heat exchangers, incl.: Compact tube assemblies, e.g. geothermal probes
- Systems injecting medium directly into ground, e.g. hot dry rock system, underground water
- Systems injecting medium into a closed well
- Systems exchanging heat with fluids in pipes, e.g. fresh water or waste water
MARINE & TIDAL
Y02E10:3

Energy from sea

All subclasses, including:
- Oscillating water column (OWC)

'8 Based on http://v3.espacenet.com/eclasrch?classification=ecla&locale=en EP&ECLA=y02
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- Ocean thermal energy conversion (OTEC)

- Salinity gradient

- Wave energy or tidal swell, e.g. Pelamis-type

Hydro energy

- Tidal stream or damless hydropower, e.g. sea flood and ebb, river, stream

Y02E10:28

HYDRO CONVENTIONAL

Hydro energy
- Conventional, e.g. with dams, turbines and waterwheels, including: Turbines or waterwheels,
e.g. details of the rotor; Other parts or details

Y02E10:20-22

BIOFUELS

Energy generation using biofuels

All subclasses, including:

- CHP turbines for biofeed; Gas turbines for biofeed; Bio-diesel; Bio-pyrolysis; Torrefaction of
biomass; Cellulosic bio-ethanol; Grain bio-ethanol; Bio-alcohols produced by other means than
fermentation

Y02E50:1

ENERGY FROM WASTE

Energy generation using fuels from waste

All subclasses, including:

- Synthesis of alcohols or diesel from waste including a pyrolysis and/or gasification step

- Methane, including: production by fermentation of organic by-products, e.g. sludge; from
landfill gas

YO02E50:3

COMBUSTION

Combustion technologies with mitigation potential

All subclasses, including:

Combined combustion:

- Heat utilisation in combustion or incineration of waste

- Combined heat and power generation (CHP)

- Combined cycle power plant (CCPP), or combined cycle gas turbine (CCGT); including
Integrated gasification combined cycle (IGCC); combined with carbon capture and storage
(ccs)

Technologies for a more efficient combustion or heat usage

- Direct CO2 mitigation, including: Use of synair, i.e. a mixture of recycled CO2 and pure 02; Use
of reactants before or during combustion; Segregation from fumes, including use of reactants
downstream from combustion or deep cooling; Controls of combustion specifically inferring on
CO2 emissions

- Indirect CO2 mitigation, i.e. by acting on non CO2 directly related matters of the process, e.g.
more efficient use of fuels, including: Cold flame; Oxyfuel combustion; Unmixed combustion;
Air pre-heating

- Heat recovery other than air pre-heating, including: at fumes level; at burner level

YO02E20

CCs

Technologies specific to climate change mitigation

All subclasses, including:

CO2 capture or storage:

- Capture by biological separation; by chemical separation; by absorption; by adsorption; by
membranes or diffusion; by rectification and condensation. Subterranean or submarine CO2
storage.

Capture or disposal of greenhouse gases (GHG) other than CO2:
- of nitrous oxide (N20); of methane; of perfluorocarbons (PFC), hydrofluorocarbons (HFC) or

Y02C:10

Y02C:20
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sulfur hexafluoride (SF6)

EFFICIENT ELECTRICITY GTD

YO2E40
Efficient electricity generation, transmission, distribution:
All subclasses, including:
- Flexible AC transmission systems (FACTS)
- Active power filtering (APF)
- Arrangements for reducing harmonics
- Arrangements for eliminating or reducing asymmetry in polyphase networks
- Superconducting electric elements and equipment
- Methods and systems for the efficient management or operation of electric power systems,
e.g. dispatch aiming to losses minimisation or emissions reduction, coordination of generating
units or of distributed resources, interaction with loads (e.g. smart grids)
ENERGY STORAGE, HYDROGEN, FUEL CELLS
Y02E60
Technologies with potential or indirect contribution to emissions mitigation
All subclasses, including:
Energy storage:
- Battery technology; Ultracapacitors, supercapacitors, double-layer capacitors; Thermal storage;
Pressurised fluid storage; Mechanical energy storage; Pumped storage
Hydrogen technology:
- Hydrogen storage; Hydrogen distribution; Hydrogen production from non-carbon containing
sources
Fuel cells:
- characterised by type or design, incl. Proton Exchange Membrane Fuel Cells (PEMFC), Solid
Oxide Fuel Cells (SOFC), Molten Carbobate Fuel Cells (MCFC), Bio Fuel Cells, Regenerative or
indirect fuel cells, e.g. redox flow type batteries
- specially adapted for a certain application, incl. stationary, transport, portable appl.
- integrally combined with other energy production systems
NUCLEAR
Y02E30
Nuclear energy generation
All subclasses, including:
- Fusion reactors: Magnetic plasma confinement (MPC), e.g. tokamaks, stellarators; Inertial
plasma confinement; Low temperat?ure fusion, e.g. "cold fusion"
- Nuclear fission reactors: Boiling water reactors; Pressurized water reactors; Gas cooled
reactors; Fast breeder reactors; Liquid metal reactors; Pebble bed reactors; Accelerator driven
reactors; Fuel; Control of nuclear reactions; Other aspects relating to nuclear fission
OTHER Y02
Y02E70

Other energy conversion or management systems reducing green-house gas (GHG) emissions

All subclasses, including:

- Hydrogen from electrolysis with energy of non-fossil origin, e.g. PV, wind power, nuclear

- Systems combining fuel cells with production of fuel of non-fossil origin

- Systems combining energy storage with energy generation of non-fossil origin

- Batteries, ultra-capacitors, super-capacitors or double-layer capacitors, charging or discharging
systems or methods for reducing GHG emissions, e.g. auxiliary power consumption reduction,
resonant chargers or dischargers, resistive losses minimisation, including those specially
adapted for vehicles, for portable applications, etc.
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Table A2. Summary statistics for the selected mitigation technologies

Appln_id’s in PATSTAT

Field Y02-tagged
Renewable energy 152347
WIND 31354
SOLAR PV 59762
SOLAR THERMAL 38147
GEOTHERMAL 5321
MARINE & TIDAL 10984
HYDRO CONVENTIONAL 19619
Combustion-related techs
BIOFUELS 18037
ENERGY FROM WASTE 11473
COMBUSTION 20793
CCS 19479
EFFICIENT ELECTRICITY GEN., TRANS., DISTR. 11823
ENERGY STORAGE, HYDROGEN, FUEL CELLS 292911
NUCLEAR ENERGY 65625
OTHER Y02 2756
Y02-TAG TOTAL 580154
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Table A3. Number of priorities invented in African countries: 1980-2009

(Selected mitigation technologies — Y02 tags)

— © % %’;2 & 4.:‘3.
EZT = ¢ o8 § & S og 8T
z 25 3 882 g5 8 2 2 oeE 88

T s 5% £ £ EF 2By £ 4 By fo8CopRE o
mventorcounty 2 8 & & 2 £ &% &8 §% 8§ 8 52 2 B 8 22 o
South Africa 22 41 28 14 10 105 32 13 24 27 222 137 4 553 18166
Egypt 1 3 3 4 3 13 03 0.3 4 1 18 970
Algeria 8 8 8 2 2 12 160
Morocco 3 2 4 2 6 1 6 1 2 12 906
Kenya 5 5 1 2 8 211
Burundi 6 6 5 6 6 21
Ghana 6 1 6 0.3 6 65
Mali 1 1 2 2 2 5 41
Zimbabwe 2 1 2 4 4 139
Senegal 4 4 4 63
Tunisia 1 2 3 1 4 258
Cote d’lvoire 2 1 2 1 1 3 59
Cameroon 1 1 2 1 3 111
Libya 1 1 2 3 17
Mauritius 2 2 0.3 2 90
Chad 2 2 8
Saint Helena 2 1 2 19
Gabon 2 2 38
Nigeria 0.3 1 2 146
Sao Tome/Pr. 2 2 66
Eritrea 1 1 8
Sudan 1 1 1 1 61
Mauritania 1 1 1 23
Sierra Leone 1 1 0.5 80
Ethiopia 1 0.5 51
Liberia 1 0.5 10
Niger 1 0.5 33
Swaziland 0.3 0.3 0.3 29
Rwanda 0.3 0.3 0.3 3
Seychelles 49
Madagascar 38
Namibia 35
Congo 28
Uganda 28
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Tanzania

N
]

Burkina Faso

N
=

Guinea

=
[¢]

Zambia

=
(o]

Benin

= e
A O

Togo
Botswana
Angola
Reunion
Gambia
Malawi

DR Congo
Somalia
Central Afr. Rep.
Cape Verde
Lesotho
Eq. Guinea
Djibouti

Mozambique

R P, W Wb PO N NN OO L VO

Comoros

Grand Total 42 57 61 7 21 17 167 43 21 24 31 249 138 5 2 657 22220
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Table A4. African inventions patented worldwide: 1980-2009
(Selected mitigation technologies — Y02 tags)

_ = 3 g 2 B o E
g TEU E é % g g _E g g g ;:’j -3 N
2 £ 3 9 S &t ¢z % 2 s £E5 2 9

Application 2 5 5 8 5 5 25 2 58 £ o4 58 % 25 EONE eamsar
ey S 8 8 8 2 £ &% & &% 8 8 &2 2 B8 5 0
United States 8 13 14 2 3 2 35 12 6 5 7 93 24 1 178 5797
WIPO 8 7 12 9 6 35 9 5 6 3 18 32 1 102 2714
EPO 9 10 9 1 1 25 6 2 4 4 33 20 1 95 4212
Germany 2 4 1 7 1 0 3 59 11 2 83 2138
Canada 2 5 2 1 1 8 5 2 3 2 32 17 67 2064
China 3 3 5 1 1 8 2 2 0 12 17 41 1298
South Africa 4 1 7 5 5 18 3 3 1 1 12 34 2092
Austria 2 4 1 1 2 12 11 32 1268
Korea 3 0 1 4 2 2 1 8 5 22 742
UK 2 1 2 1 2 2 2 4 6 18 940
Japan 1 1 2 1 1 2 10 17 785
OAPI 1 1 1 1 10 3 3 2 15 275
Australia 2 1 4 6 0 1 1 7 15 1011
Spain 1 1 2 2 2 7 13 692
Mexico 1 3 3 1 5 1 2 4 12 404
Egypt 1 0 1 3 2 7 1 1 9 302
Denmark 2 1 3 1 1 1 6 258
Norway 1 1 1 0 2 3 6 280
Morocco 2 3 3 2 1 1 5 634
Russia 1 1 4 5 338
France 4 4 298
Chinese Taipei 1 2 1 4 198
EAPO 2 2 1 1 1 4 89
ARIPO 2 1 2 1 3 309
Netherlands 2 1 3 73
Hong Kong,

China 1 1 1 2 3 72
Portugal 1 1 1 1 3 216
Algeria 2 2 2 2 61
Belgium 2 1 1 2 2 37
Brazil 1 1 1 2 370
Indonesia 1 1 1 2 55
Poland - 171
Israel - 148
Zimbabwe - 40
ROW 2 1 1 2 2 1 2 2 9 1492
Grand Total 52 71 78 7 24 19 204 53 23 31 45 336 138 5 2 811 31876
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Table A5. Number of patent applications registered with African authorities: 1980-2009

(Selected mitigation technologies — Y02 tags)

_ © 3 2 B g 5
T _ O . i c o S 93
z &g’ % % S E § P é g 2 f;_: % é 2 8 4
- £ T £ £ 2 3:® 3§ B2 3 5: 3 25 § F

Application £ & 2 %8 s 8% ¢ % g8 & v ¥gs 8 £¢ £ o PATSTAT
authority = %) » O =2 I x o o w3 (o] O wL Z Ww O = TOTAL
South Africa 142 143 77 12 50 533 6 7 771 62 11 131507
OAPI 12 7 7 14 86 24 6 31 1 6280
Morocco 32 7 7 86 8 6 3 25 8280
Egypt 6 8 8 45 8 4 8 24 8149
Algeria 4 9 4 14 1 1 5 4 1391
ARIPO 3 3 6 3 14 2 1 2 5077
Zimbabwe 1 2 2 3 8 4 1 2 3 2089
Malawi 1 1 2 2 5 429
Kenya 1 2 2 4 557
Zambia 1 3 788
Sudan 2 2 2 31
Ghana 1 1 1 6
Tunisia 22
Liberia 2
Lesotho 1
Libya 1
Grand Total 199 174 793 861 164611
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ANNEX B. SUPPLEMENTARY INFORMATION TO SECTION 4

Table B1. Patent search strategy for selected adaptation technologies 19

Field Description

Temporary (Z) tag

DESALINATION
Membranes especially made for desalination and desalination processes using membranes are
included. Processes for producing membranes, potentially suitable for desalination, are not
included.

A_desalination

RAINWATER COLLECTION

A_rai t
Methods or installations for obtaining or collecting drinking water or tap water from rain water. _rainwater
SOLAR/WIND WATER PUMPING
. . A_solarwind
Solar- and wind-powered water pumping. _solarwin
pump

SOLAR WATER TREATMENT
Water treatment using solar energy, include sewage treatment, wastewater treatment and
drinking water treatment. (Remark: Does not include treatment of sludge. May include some
instances of use of other local power sources such as wind.)

A_solarwater
treatment

SOLAR WATER TREATMENT - POTABILIZATION

Potabilization of water by means of solar power.
(Remark: This is a sub-group of the more general class SOLAR_WATER_TREATMENT)

A_solarwater
potabilization

HVDC

High-voltage direct current (HVDC) electricity transmission, incl. associated power electronics.

A_HVDC

ENERGY SUPPLY - REMOTE

Solar energy for remote locations (off-grid solar power, solar home systems, solar water heating,
solar drying, energy storage), and similar wind-powered applications. (Remark: in 95% related to
solar and/or wind, but other renewables at "home" level are included as well. Includes also
other "solar household devices" (e.g. air conditioning), home photovoltaics, some grid-
connected PV applications characterised by being remote/dispersed/ /distributed, either
because of being presented as both (off-grid and grid-connected) or simply because the concept
"off-grid" sometimes is difficult to screen.

A_remote

EFFICIENT LIGHTING - REMOTE
Lighting systems specially adapted for remote locations wherein alternative power sources may
be required.

A_efflight

SOLAR COOKING
Solar cooking devices, e.g. solar ovens. (Remark: Documents relating to solar water heating (for
hygienic purposes etc.) are tagged in A_remote. Some double classification may occur.)

A_solar
cooking

RESILIENCE
Resilience of electricity supply systems to extreme weather events: strengthening power-lines,
(under)ground power cables, etc. (Remark: Documents dealing with power cables/line/wires
that are resilient to water, moist and corrosion, independently whether they are underground or
aerial.)

A _resil

SEVERE WEATHER
Prediction and early warning for extreme weather events, such as storms and floods
(Remark: Tsunami-warning systems are in principle excluded as tsunamis originate from
earthquakes, which are not weather events.)

A_severe
weather

!9 Based on information provided by the European Patent Office (Konstantinos Karachalios, Victor Veefkind, Javier Hurtado-Albir,

and colleagues).
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Table B2. Summary statistics for the selected adaptation technologies

Appln_id’s in PATSTAT

Field Z-tagged
DESALINATION 13595
Off-grid water supply

RAINWATER_COLLECTION 3410

WATERPUMP_SOLAR_WIND 1726

SOLAR_WATERTREAT 6105

SOLAR_WATERTREAT_POTABILIZATION 939
Dispersed electricity transmission

HVDC 2127
Remote energy services

ENERGY_SUPPLY_REMOTE 15417

EFF_LIGHTING_REMOTE 1916

SOLAR_COOKING 674
Weather-related

RESILIENCE_ELECT_GRID 3926

SEVERE_WEATHER 737
Z-TAGS TOTAL 47108
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Table B3. Number of priorities invented in African countries: 1980-2009

(Selected adaptation technologies — Z tags)

- o
§ & g s 5 e TE o 5 PATSTAT
E Zg 32 58 323 5 g oA
© g} = [} 5 @ =
Inventor g 2t T8 53T o& B =
country O Ws ab o »3F & N
South Africa 13 10 4 2 1 1 30 18166
Morocco 4 1 2 2 8 906
Egypt 6 1 1 7 970
Tunisia 1 1 1 3 258
Senegal 1 1 2 63
Algeria 2 2 160
Cote d’lvoire 1 1 59
Libya 1 1 17
Mali 1 1 41
Cape Verde 1 1 4
Sudan 0.7 0.7 61
Cameroon 0.3 0.3 111
Niger 0.3 0.3 33
Kenya 211
Nigeria 146
Zimbabwe 139
Mauritius 90
Sierra Leone 80
Sao Tome/ Pr. 66
Ghana 65
Ethiopia 51
Seychelles 49
Madagascar 38
Gabon 38
Namibia 35
Swaziland 29
Congo 28
Uganda 28
Tanzania 25
Mauritania 23
Burkina Faso 21
Burundi 21
Saint Helena 19
Guinea 18
Zambia 18
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Benin 16
Togo 14

=
o

Liberia

Botswana

Angola

Reunion

Gambia

Eritrea

Chad

Malawi

DR Congo
Somalia

Central African R.
Lesotho

Rwanda
Equatorial Guinea
Djibouti

Mozambique

R P W W w P, OO N NN 0O 0 00w

Comoros

Grand Total 26 15 8 4 4 1 56 22220
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ENV/WKP(2012)9

é E, € _§ 2 g- E’é o c —%o 9] % %

wpliaton £ 2§ 25 3§ 58 $Ees 8 £5 § Rp MW
authority + TOTAL
South Africa 11 3 9 1 2 1 26 2092
United States 7 2 1 15 5797
WIPO 6 5 2 1 13 2714
EPO 7 1 1 1 10 4212
Australia 6 1 1 2 9 1011
UK 6 1 7 940
Canada 5 1 1 7 2064
Germany 5 1 1 6 2138
OAPI 2 1 3 6 275
Morocco 3 1 2 6 634
Egypt 4 0.3 1 5 302
Norway 5 5 280
China 3 1 1 4 1298
Spain 3 0.3 3 692
Brazil 3 3 370
Czech Rep. 3 3 125
Israel 3 3 148
Hungary 3 3 104
EAPO 3 3 89
Austria 3 3 1268
Japan 2 2 785
Korea 2 1 2 742
Portugal 2 2 216
Hong Kong,

China 1 1 2 72
Chinese Taipei 2 2 198
Slovakia 2 2 57
New Zealand 2 2 110
Iceland 2 2 14
Bulgaria 2 2 33
ARIPO 2 2 309
Mexico 2 0.3 2 404
Russia - 338
France - 298
Denmark - 258
ROW 13 13 1486
Grand Total 115 12 24 8 - - 8 -2 - 166 31876
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Table B5. Number of patent applications registered with African authorities: 1980-2009
(Selected adaptation technologies — Z tags)
g g
S 5. E . £ & £ .. £ o : § PATSTAT
T ®BS B £3 &8 £5 § g == 3
E B gy iiiz g i3 foiofEgogg om
poplaation & 28 26 3% 38 z 2' 8 & BE® 3 ne
authority
South Africa 80 35 52 14 6 10 7 4 11 2 3 198 131507
OAPI 18 13 11 5 5 2 2 2 2 48 6280
Morocco 25 10 2 7 3 3 2 44 8280
Egypt 27 13 3 3 4 2 1 44 8149
ARIPO 19 12 9 3 6 4 1 4 43 5077
Algeria 4 3 1 1 2 9 1391
Zimbabwe 1 1 2 2089
Tunisia 1 1 22
Malawi 1 1 429
Zambia 788
Kenya 557
Sudan 31
Ghana 6
Liberia 2
Lesotho 1
Libya 1
Grand Total 174 86 79 34 26 16 13 12 12 6 3 389 164611
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