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Abstract: The intersection of artificial intelligence (AI), intellectual property (IP) regimes, and pharmaceutical 
manufacturing capacity represents a critical frontier in global health governance. Nowhere is this nexus more 
contested than in Africa, where the African Medicines Agency (AMA) seeks to build a robust generic 
manufacturing base to mitigate historical dependency on imported medicines. A central friction point in this 
ambition is the bifurcated IP strategy employed by the People's Republic of China in its bilateral engagements 
with African nations. China simultaneously deploys compulsory licensing mechanisms in some contexts while 
enforcing stringent data exclusivity and patent linkage rules to protect its burgeoning domestic innovators in 
others. This paper empirically assesses how this variegated IP regime—mediated by AI-driven drug discovery 
and manufacturing processes—affects local generic manufacturing capacity. Utilizing a firm-level panel dataset 
of 142 pharmaceutical manufacturers operating in Chinese-financed industrial parks across Ethiopia, Kenya, 
and Nigeria (2018–2025), we employ a fixed-effects model to estimate the association between IP enforcement 
clauses embedded in bilateral investment treaties and firm output and R&D expenditure. Our findings challenge 
the binary "access vs. innovation" dichotomy. We demonstrate that strict data exclusivity clauses, when paired 
with AI-enabled manufacturing infrastructure, are associated with higher local generic output but lower price 
elasticity—indicating reduced market competition. Conversely, flexible regimes correlate with greater price 
elasticity but fail to attract the advanced technology transfer necessary for complex generic production. We 
conclude that the regulatory choice regarding IP is determinative of whether Africa becomes a mere market for 
finished goods or a strategic node in the global generic value chain. 
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Yapay Zekâ-Fikri Mülkiyet Bağlantısı: Afrika’da İlaç İnovasyonu Üzerinde Patent Muafiyetleri ve Veri 
Münhasırlığının Etkisinin Değerlendirilmesi 

Öz: Yapay zeka (AI), fikri mülkiyet (IP) rejimleri ve ilaç üretim kapasitesinin kesişim noktası, küresel sağlık 
yönetişiminde kritik bir sınırı temsil etmektedir. Bu bağlantının en çok tartışıldığı yer, Afrika İlaç Ajansı’nın 
(AMA) ithal ilaçlara olan tarihsel bağımlılığı azaltmak amacıyla sağlam bir jenerik ilaç üretim altyapısı kurmaya 
çalıştığı Afrika’dır. Bu hedefin önündeki temel engel, Çin Halk Cumhuriyeti'nin Afrika ülkeleriyle ikili 
ilişkilerinde uyguladığı ikili fikri mülkiyet stratejisidir. Çin, bazı durumlarda zorunlu lisans mekanizmalarını 
devreye sokarken, diğer durumlarda ise hızla gelişen yerli inovasyoncularını korumak için sıkı veri 
münhasırlığı ve patent bağlantısı kuralları uygulamaktadır. Bu makale, yapay zekâ destekli ilaç keşfi ve üretim 
süreçlerinin aracılık ettiği bu çeşitlilik arz eden fikri mülkiyet rejiminin yerel jenerik üretim kapasitesini nasıl 
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etkilediğini ampirik olarak değerlendirmektedir. Etiyopya, Kenya ve Nijerya'da Çin tarafından finanse edilen 
sanayi parklarında faaliyet gösteren ilaç üreticilerinin firma düzeyindeki panel veri setini (2018–2025) 
kullanarak, ikili yatırım anlaşmalarına (BIT) dahil edilen fikri mülkiyet uygulama hükümlerindeki değişikliklere 
karşı firma üretimini ve Ar-Ge harcamalarını regresyon analizine tabi tutmak için sabit etkiler modeli 
kullanıyoruz. Bulgularımız, “erişim ve inovasyon” arasındaki ikili karşıtlığı sorgulamaktadır. Sıkı veri 
münhasırlığı hükümlerinin, yapay zekâ destekli üretim altyapısıyla birleştiğinde, paradoksal bir şekilde daha 
yüksek yerel jenerik üretimle, ancak daha düşük Ar-Ge çeşitliliği ile ilişkili olduğunu göstermekteyiz. Tersine, 
esnek rejimler fiyat esnekliğini teşvik etmekte, ancak karmaşık jenerik üretim için gerekli olan ileri teknoloji 
transferini çekememektedir. Sonuç olarak, fikri mülkiyet ile ilgili düzenleyici tercihlerin, Afrika’nın sadece 
bitmiş ürünler için bir pazar mı, yoksa küresel jenerik değer zincirinde stratejik bir düğüm noktası mı olacağını 
belirlediğini ortaya koymaktayız. 

Anahtar Kelimeler: Fikri Mülkiyet, Yapay Zekâ, İlaç Üretimi, Çin-Afrika İlişkileri, Veri Münhasırlığı, Jenerik 
İlaçlar, Afrika İlaç Ajansı, Zorunlu Lisanslama 
Jel Kodları: O33, L65, K39 
 

1. Introduction 
The Fourth Industrial Revolution has ushered in a profound paradox at the heart of 

global pharmaceutical governance—one that pits the democratizing potential of artificial 
intelligence against the exclusionary logic of intellectual property regimes. On one hand, 
artificial intelligence is fundamentally compressing the drug discovery timeline from 
years to months, enabling continuous manufacturing processes that drastically reduce 
production costs, and facilitating computational drug repurposing that can identify new 
therapeutic applications for existing compounds with unprecedented speed (Mak et al., 
2024; Patel & Shah, 2022). Generative AI models, in particular, are now capable of 
predicting molecular crystallinity, solubility, and bioavailability, thereby significantly 
reducing the trial-and-error costs historically associated with both novel drug 
development and generic drug reverse-engineering (Gangwal et al., 2024; Zekos, 2022). 
These technological advances have led scholars to suggest that AI could serve as a great 
equalizer, lowering the barriers to entry for pharmaceutical manufacturers in low- and 
middle-income countries (LMICs) and enabling them to leapfrog traditional 
developmental pathways (Strange & Tucker, 2023). On the other hand, the legal 
architecture of intellectual property—specifically the increasingly stringent mechanisms 
of data exclusivity and patent linkage—threatens to erect new and formidable barriers 
that prevent LMICs from harnessing these very technological gains. Médecins Sans 
Frontières (2023) has documented how these TRIPS-plus provisions, which extend market 
protection beyond standard patent terms by preventing generic manufacturers from 
relying on originator safety and efficacy data, are being systematically embedded in 
bilateral trade agreements and investment treaties, effectively locking out generic 
competition for extended periods even after patents have expired. For Africa, the stakes 
of this AI-IP nexus are existential. The continent currently imports more than 70% of its 
pharmaceutical products, rendering its health systems acutely vulnerable to global supply 
chain disruptions—a vulnerability brutally exposed during the COVID-19 pandemic 
when export bans and vaccine nationalism left African nations at the back of the queue 
for essential medicines and vaccines (Tambo et al., 2019). In response, the African Union 
has undertaken a series of ambitious initiatives aimed at building a robust, self-sufficient 
pharmaceutical manufacturing base. Chief among these is the establishment of the African 
Medicines Agency (AMA), a continental regulatory body designed to harmonize 
fragmented national regulatory frameworks, reduce duplication of clinical trials, and 
create a unified market that can attract investment in local manufacturing capacity 
(Abdulwahab et al., 2024). The AU's Pharmaceutical Manufacturing Plan for Africa sets a 
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target of supplying 60% of the continent's vaccine needs by 2040—a goal that requires not 
only significant capital investment but also a regulatory environment conducive to 
technology transfer and innovation. However, this ambition is heavily influenced by 
external partners, most notably the People's Republic of China, which has emerged as the 
single largest investor in African industrial infrastructure through its Belt and Road 
Initiative and various bilateral investment frameworks (Habibi & Zhu, 2021). This 
bifurcated approach is not merely a reflection of strategic ambiguity but rather a 
calculated fragmentation of IP policy across different bilateral contexts, producing what 
some scholars have termed a "variegated" IP regime (Owoyemi et al., 2020). This 
fragmentation manifests concretely in the regulatory environments of Chinese-financed 
pharmaceutical parks across Africa. In Ethiopia's Eastern Industry Zone and Kilinto 
Industrial Park, bilateral agreements emphasize TRIPS flexibilities, including provisions 
that facilitate compulsory licensing and prioritize the rapid expansion of generic 
competition (Zhuang et al., 2020). In contrast, Nigeria's Lekki Free Zone and Ogun-
Guangdong Free Trade Zone operate under bilateral investment treaties that incorporate 
TRIPS-plus standards, mandating strict data exclusivity periods and patent linkage 
mechanisms that protect the market exclusivity of innovator companies (Aniche, 2023). 
Kenya's special economic zones—Tatu City and Athi River EPZ—occupy an intermediate 
position, reflecting the hybrid nature of that country's regulatory environment. As Figure 
1 demonstrates, the IP Enforcement Index varies significantly across these three countries: 
Nigeria exhibits the highest mean score at approximately 6.2 on a 0-10 scale, Ethiopia the 
lowest at approximately 3.5, and Kenya an intermediate 4.8. This variation in IP 
enforcement, despite all parks receiving Chinese investment and operating under 
Chinese-financed industrial infrastructure, creates a natural quasi-experimental setting 
that enables empirical assessment of how regulatory choice influences pharmaceutical 
manufacturing outcomes. Critically, the within-country heterogeneity documented in 
Figure 1—particularly the dispersion of scores in Ethiopia and Kenya—suggests that 
park-specific agreements and project-level memoranda of understanding introduce 
meaningful variation that can be exploited to identify causal effects.  

 

Figure 1. Variation in the IP Enforcement Index (0–10 scale) across Chinese-financed pharmaceutical 
parks in Ethiopia, Kenya, and Nigeria (2018–2025). Higher scores indicate stricter enforcement of 
data exclusivity and patent linkage. Nigeria exhibits the highest mean enforcement (6.2), Ethiopia 
the lowest (3.5), and Kenya an intermediate level (4.8), with notable within-country dispersion 
reflecting park-specific agreements. 

This fragmentation of IP enforcement across Chinese-financed parks constitutes the 
central empirical puzzle of this paper: How do variations in IP enforcement—specifically 
data exclusivity and patent linkage provisions—in Chinese-financed pharmaceutical 
parks in Africa influence the rate of local generic manufacturing capacity and the price 
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elasticity of essential medicines? Furthermore, how does the adoption of AI-enabled 
manufacturing technologies interact with these IP regimes to shape firm-level outcomes, 
technology transfer, and market structure? By analyzing a firm-level panel dataset of 
pharmaceutical manufacturers operating across these parks from 2018 to 2025, this paper 
provides the first empirical assessment of the AI-IP nexus in the African context, offering 
critical insights for policymakers at the African Medicines Agency and for African 
governments navigating the complex landscape of bilateral investment treaties with 
emerging economic powers. 

2. Literature Review & Theoretical Framework 
2.1. The Bifurcated Chinese IP Model in Africa 
The existing literature on China-Africa pharmaceutical cooperation presents a 

conceptual puzzle that defies simplistic categorization. Scholars have traditionally 
oscillated between two competing narratives: one that frames China as a champion of 
"South-South" cooperation promoting equitable access to medicines, and another that 
characterizes China as an emerging economic power increasingly enforcing intellectual 
property standards that mirror those historically championed by the United States and 
the European Union (Owoyemi et al., 2020). This duality, however, is not merely an 
artifact of conflicting scholarly interpretations but rather reflects a structural feature of 
China's engagement with African nations—one that Owoyemi et al. (2020) have 
characterized as a fundamentally bifurcated approach to intellectual property governance 
across different bilateral contexts. 

Understanding this bifurcation requires examining the divergent trajectories of 
China's domestic pharmaceutical policy on one hand and its bilateral investment treaty 
practices on the other. Domestically, China has dramatically strengthened its intellectual 
property regime over the past two decades, driven by the imperative to protect its rapidly 
growing domestic pharmaceutical innovators. The 2008 revision of China's Patent Law 
introduced stronger patent protection, while subsequent amendments have progressively 
aligned Chinese IP standards with those of developed economies (Li, 2023). This domestic 
strengthening has coincided with China's emergence as a significant pharmaceutical 
innovator, with firms such as Jiangsu Hengrui and Innovent Biologics now competing in 
global markets for novel therapeutics. Yet in its bilateral engagements with African 
nations, China has deployed a more flexible IP strategy that varies considerably across 
contexts—a fragmentation that is not a reflection of strategic ambiguity but rather a 
calculated policy approach that deploys different IP standards across different bilateral 
contexts. This fragmentation creates a distinctive political economy dynamic that 
distinguishes Chinese engagement from that of traditional Western partners. 

Recent scholarship has further illuminated how TRIPS-plus provisions—including 
data exclusivity periods that prevent generic manufacturers from relying on originator 
safety and efficacy data—are being systematically embedded in bilateral trade agreements 
and investment treaties across the continent (Motari et al., 2021). The Africa Continental 
Free Trade Area (AfCFTA) and the African Medicines Agency's regulatory harmonization 
efforts are occurring against this backdrop of increasingly complex and fragmented IP 
regimes, creating both opportunities and challenges for building a unified African 
pharmaceutical market (Abdulwahab et al., 2024). 

2.2 The Role of AI in Pharmaceutical Manufacturing 
The pharmaceutical industry is currently undergoing a transformative shift driven 

by artificial intelligence technologies that fundamentally alter the economics of drug 
discovery, development, and manufacturing. Mak et al. (2024) have documented how 
machine learning algorithms are compressing the drug discovery timeline from years to 
months, enabling computational drug repurposing that can identify new therapeutic 
applications for existing compounds with unprecedented speed. Their systematic review 
of 1,200 studies provides robust evidence that AI-driven approaches reduce trial-and-
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error experimentation by up to 60%, fundamentally changing the cost structure of 
pharmaceutical R&D. Patel & Shah (2022) extend this analysis, demonstrating that AI-
enabled continuous manufacturing processes can drastically reduce production costs by 
optimizing reaction conditions, predicting molecular crystallinity and solubility, and 
minimizing waste. Their empirical work on 15 manufacturing facilities shows cost 
reductions averaging 35% following AI implementation. 

Generative AI models represent a particularly significant advance in this domain. 
Gangwal et al. (2024) show how these models are now capable of predicting critical 
physicochemical properties of drug compounds—including solubility, permeability, and 
metabolic stability—with sufficient accuracy to significantly reduce the costs historically 
associated with both novel drug development and generic drug reverse-engineering. The 
implications for generic manufacturing are especially profound: reverse-engineering a 
complex generic drug, which traditionally requires extensive trial-and-error 
experimentation costing millions of dollars, can be significantly accelerated through AI 
prediction of optimal formulation parameters. 

As Zekos (2022) comprehensively argues, the governance of AI technologies—
including their legal, economic, and political dimensions—determines whether these tools 
reinforce or disrupt existing hierarchies in global production networks. The integration of 
AI into pharmaceutical R&D has raised complex questions around disclosure, inventive 
step, and the adequacy of existing patent frameworks. Emerging scholarship on AI 
inventorship and patentability has further complicated this landscape, as the question of 
how inventions generated or co-developed by AI should be legally classified remains 
unresolved. 

Katterbauer & Cleenewerck (2024) provide a crucial legal-analytical framework for 
understanding how AI technologies become embedded in complex licensing 
arrangements that can either facilitate or constrain technology transfer, particularly in 
jurisdictions with varying IP enforcement standards. Their analysis of AI's impact on 
regulatory and financing structures offers important insights into how the legal 
architecture surrounding AI adoption determines whether these technologies function as 
mechanisms of capacity building or dependency. Similarly, Katterbauer et al. (2025) 
examine the regulatory hurdles and enforcement challenges that arise when advanced 
technologies are deployed across jurisdictions with disparate institutional capacities—a 
dynamic directly relevant to understanding technology transfer in Chinese-financed 
African pharmaceutical parks. While these works do not focus specifically on the African 
pharmaceutical sector, their theoretical contributions to understanding the AI-regulatory 
nexus provide essential analytical tools for our empirical investigation of how IP 
enforcement conditions the impact of AI adoption on manufacturing outcomes. 

2.3 Empirical Evidence on AI, IP, and Pharmaceutical Innovation 
Recent empirical studies have begun to quantify the impact of AI on pharmaceutical 

R&D productivity. Mo et al. (2024), using a dataset of 1,200 pharmaceutical firms across 
15 countries, find that AI adoption is associated with a 23% increase in drug discovery 
output and a 35% reduction in R&D costs, though these effects are significantly moderated 
by the strength of patent protection in the firm's jurisdiction. Using instrumental variables 
estimation, they show that the productivity gains from AI are 40% larger in jurisdictions 
with strong patent protection, suggesting that IP enforcement and AI adoption are 
complementary in driving innovation—a finding consistent with our theoretical 
framework. Similarly, Chen & Zhang (2025) employ difference-in-differences 
methodology to examine the impact of data exclusivity extensions on generic entry, 
finding that each additional year of data protection delays generic entry by 18 months on 
average, with effects more pronounced in LMICs. Their analysis of 12 countries' 
pharmaceutical markets provides robust evidence that TRIPS-plus provisions 
significantly restrict generic competition, though they note that the effect is heterogeneous 
across therapeutic categories. 
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In the African context, empirical evidence remains scarce. However, recent work by 
Olaniyi & Adebayo (2024) provides a notable exception, analyzing firm-level data from 
78 pharmaceutical manufacturers in Nigeria and finding that regulatory harmonization 
efforts under the African Medicines Agency have reduced market entry costs by 14%, 
though the authors note that IP enforcement heterogeneity across countries undermines 
the effect. Their analysis also finds that firms in zones with stricter IP enforcement are 28% 
more likely to receive technology transfer from foreign partners, but these same firms 
exhibit 23% lower price elasticity—a pattern mirroring our findings in the broader East 
and West African context. 

Strange & Tucker (2023) contribute the critical insight that AI's impact on global 
health is not automatically beneficial but is mediated by the political and economic 
structures in which it is deployed. Their framework, which examines how AI can either 
democratize or reinforce hierarchies in global production networks, directly informs our 
central theoretical proposition that the effect of AI adoption on pharmaceutical 
manufacturing outcomes is conditional upon the IP enforcement environment. Our study 
contributes to this nascent empirical literature by providing the first firm-level evidence 
from multiple African countries on how the interaction between AI adoption and IP 
enforcement shapes manufacturing outcomes, leveraging the natural quasi-experiment 
created by China's bifurcated IP strategy. 

2.4 Theoretical Framework: Regulatory Choice and Value Chain Positioning 
This paper challenges the binary theoretical framing of "access versus innovation" 

that has dominated policy debates on intellectual property and pharmaceutical 
manufacturing for decades. Drawing on the concept of "techno-nationalism" versus 
"techno-globalism" developed by Capri (2024) and Cieślik and Zamojska (2025), we posit 
that IP regimes in special economic zones and industrial parks dictate the nature and 
direction of technology transfer. Techno-nationalism, in this framework, refers to the 
tendency of states to use regulatory instruments, including intellectual property rules, to 
protect and promote domestic technological capabilities, often at the expense of foreign 
competition. Techno-globalism, by contrast, reflects a more open approach that prioritizes 
technology diffusion and integration into global production networks. 

Building on global value chain (GVC) analysis as developed by Bontadini (2021) and 
Li et al. (2024), we conceptualize pharmaceutical manufacturing in African parks as 
embedded within GVCs where lead firms—predominantly Chinese innovators—make 
strategic decisions about technology transfer, production location, and market access. 
Regulatory choice regarding IP enforcement affects lead firm decisions about whether to 
transfer advanced technologies, the extent of value addition they permit in host countries, 
and the competitive dynamics within host markets. In parks where high IP protection—
particularly data exclusivity and patent linkage—is enforced, we expect to see a 
distinctive pattern of industrial development that aligns with techno-nationalist logic: 
protection creates an attractive environment for foreign direct investment from 
pharmaceutical innovators who require assurance that their proprietary technologies will 
not be appropriated without compensation, facilitating importation of advanced AI 
manufacturing equipment and establishment of sophisticated production facilities. 

However, we hypothesize that this pattern is associated with lower price elasticity 
and restricted local research and development, as firms focus on licensed manufacturing 
under conditions that limit their ability to innovate independently or compete 
aggressively on price. Conversely, in parks with flexible IP regimes, we expect to see 
greater price elasticity and competition, but less technology transfer and higher-quality 
production. The interaction effect illustrated in our empirical results—where high-IP/AI-
adopted firms achieve the highest output volumes but exhibit the lowest price elasticity—
provides empirical support for this theoretical framework. 
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3. Research Methodology 
To empirically assess the complex interplay between intellectual property regimes, 

artificial intelligence adoption, and pharmaceutical manufacturing outcomes, this study 
employs a quantitative research design grounded in firm-level panel data econometrics. 
The methodological approach is deliberately structured to address the central empirical 
puzzle identified in the literature: how variations in IP enforcement—specifically data 
exclusivity and patent linkage provisions—within Chinese-financed pharmaceutical 
parks influence local generic manufacturing capacity and market competition, and how 
these effects are moderated by the adoption of AI-enabled manufacturing technologies. 
The use of a panel dataset spanning eight years (2018–2025) allows for the exploitation of 
both cross-sectional variation across firms and temporal variation within firms, enabling 
more robust causal inference than cross-sectional designs. The empirical strategy is built 
upon a quasi-experimental setting created by the natural variation in IP enforcement 
across parks in Ethiopia, Kenya, and Nigeria, as documented in Figure 1, which shows 
significant heterogeneity in the IP Enforcement Index both between and within countries. 

The core analytical framework is a fixed-effects (FE) panel regression model, selected 
for its capacity to control for unobserved, time-invariant heterogeneity across firms. Such 
unobserved heterogeneity is a pervasive concern in studies of industrial organization and 
technology transfer, as firms differ in intrinsic capabilities, management quality, 
institutional knowledge, and strategic orientation—factors that are difficult to observe 
directly but may correlate with both their choice of location (and thus exposure to 
different IP regimes) and their performance outcomes. The fixed-effects estimator 
addresses this by exploiting within-firm variation over time, effectively differencing out 
all time-invariant firm-specific characteristics. This is particularly important given the 
nature of our data, where firms are located in specific industrial parks and their regulatory 
environment changes primarily through treaty renegotiations, amendments to park-
specific regulations, or shifts in national policy, rather than through confounding 
macroeconomic trends that would affect all firms uniformly. The inclusion of year fixed 
effects (𝜆௧) further controls for common temporal shocks, such as the global supply chain 
disruptions during the COVID-19 pandemic, fluctuations in foreign direct investment 
inflows, or changes in the regulatory approval timelines associated with the African 
Medicines Agency’s harmonization efforts (Abdulwahab et al., 2024). By absorbing these 
aggregate temporal effects, the model isolates the impact of the time-varying variables of 
interest—IP enforcement and AI adoption—from broader economic and policy shifts. Tax 
enforcement and profit-shifting dynamics may influence reported FDI figures, though our 
firm-level data were triangulated with customs records to mitigate such measurement 
bias (Katterbauer et al., 2025). 

The construction of the panel dataset involved a meticulous process of data collection 
and variable operationalization. The sample comprises 142 pharmaceutical 
manufacturing firms operating in six Chinese-financed industrial parks across Ethiopia 
(Eastern Industry Zone, Kilinto Industrial Park), Kenya (Tatu City, Athi River EPZ), and 
Nigeria (Lekki Free Zone, Ogun-Guangdong Free Trade Zone) for the period 2018–2025. 
This timeframe was selected to capture the period following the establishment of the 
African Medicines Agency’s framework and the significant acceleration of Chinese 
pharmaceutical investment under the Belt and Road Initiative and its associated Health 
Silk Road (Habibi & Zhu, 2021). Data were triangulated from multiple sources to ensure 
validity and reliability. Firm-level financial and production data were extracted from 
annual reports, customs data provided by the China Africa Research Initiative (CARI), 
and filings with national investment authorities. These sources provided detailed 
information on output volumes, employment, and research and development 
expenditure. 

A critical contribution of this study is the construction of a novel IP Enforcement 
Index, which operationalizes the regulatory environment’s strictness. This index was 
derived from a systematic textual analysis of China-Africa bilateral investment treaties, 
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park-specific regulations, and project-level memoranda of understanding. The index 
captures the enforcement stringency of two key TRIPS-plus mechanisms: data exclusivity 
periods, which prevent generic manufacturers from relying on originator safety and 
efficacy data, and patent linkage mechanisms, which tie marketing approval to patent 
status (Motari et al., 2021).  

The model specification is designed to estimate the direct effects of IP enforcement 
and AI adoption, as well as their interactive effect, on two primary outcome variables. The 
first dependent variable, Local Generic Output, is measured as the total volume of essential 
medicines—as defined by the WHO Essential Medicines List—produced and sold within 
the host African country, expressed in Defined Daily Doses (DDD). This metric captures 
the contribution of local manufacturing to public health supply. The second dependent 
variable, Price Elasticity, is a market-level measure calculated as the percentage change in 
the price of a basket of essential medicines (including antiretrovirals, anti-malarials, and 
antibiotics) in response to a 1% change in the number of manufacturers registered to 
produce that medicine. This variable serves as a proxy for market competitiveness, with 
higher absolute elasticity values indicating more competitive, price-sensitive markets 
(Strange & Tucker, 2023). 

The econometric model is formally specified as: 

𝑌௜௧ = 𝛽ଵ൫𝐼𝑃ா௡௙௢௥௖௘௠௘௡ ೔೟
൯ + 𝛽ଶ(𝐴𝐼௜௧) + 𝛽ଷ൫𝐼𝑃ா௡௙௢௥௖௘௠௘௡ ೔೟

× 𝐴𝐼௜௧൯ + 𝛾𝑋௜௧ + 𝛼௜ + 𝜆௧ + 𝜖௜௧ (1) 

In this equation, 𝑌௜௧  represents the dependent variable for firm 𝑖  at time 𝑡 . The 
coefficient 𝛽ଵ captures the direct effect of the IP Enforcement Index on the outcome; 𝛽ଶ 
captures the direct effect of AI adoption; and 𝛽ଷ captures the interaction effect, which is 
central to our theoretical framework concerning the AI-IP nexus. A positive and 
significant 𝛽ଷ  would indicate that the effect of IP enforcement on the outcome is 
conditional upon AI adoption, and vice versa, supporting the hypothesis that these two 
forces interact in shaping pharmaceutical manufacturing outcomes (Mak et al., 2024; Patel 
& Shah, 2022). The vector 𝑋௜௧ includes a set of time-varying control variables: firm age, 
firm size (measured by number of employees), foreign direct investment inflow (in USD), 
and regulatory approval time (capturing the degree of harmonization achieved by the 
AMA). The terms 𝛼௜ and 𝜆௧ represent firm and year fixed effects, respectively, while 𝜖௜௧ 
is the idiosyncratic error term. Standard errors are clustered at the firm level to account 
for potential serial correlation and heteroskedasticity. This comprehensive 
methodological framework, with its careful attention to variable construction and model 
specification, positions the study to provide robust empirical evidence on the 
determinants of pharmaceutical manufacturing capacity in Africa. 

4. Results 
4.1. Descriptive Statistics 
The firm-level panel dataset constructed for this analysis comprises 142 

pharmaceutical manufacturing firms operating across six Chinese-financed industrial 
parks in Ethiopia (Eastern Industry Zone, Kilinto Industrial Park), Kenya (Tatu City, Athi 
River EPZ), and Nigeria (Lekki Free Zone, Ogun-Guangdong Free Trade Zone) over the 
period 2018–2025. The sample captures a critical period in African pharmaceutical 
development, spanning the establishment of the African Medicines Agency framework 
and the significant acceleration of Chinese pharmaceutical investment under the Belt and 
Road Initiative and its associated Health Silk Road (Habibi & Zhu, 2021). Of the 142 firms, 
68 percent were engaged in generic manufacturing activities, producing copy versions of 
off-patent medicines, while the remaining 32 percent operated under license from 
multinational corporations, including Chinese innovators such as Jiangsu Hengrui and 
Innovent Biologics. This distribution reflects the dual structure of pharmaceutical 
production on the continent, wherein local firms primarily focus on generic replication 
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while licensed operations engage in more technologically sophisticated manufacturing 
under intellectual property constraints. 

The IP Enforcement Index constructed for this study—derived from systematic 
textual analysis of China-Africa bilateral investment treaties, park-specific regulations, 
and project-level memoranda of understanding—exhibited substantial variation across 
the sample, with a mean score of 4.8 on a 0-to-10 scale where higher values indicate stricter 
enforcement of data exclusivity and patent linkage mechanisms. Critically, this variation 
was distributed unevenly across national contexts: parks in Nigeria averaged 6.2, 
reflecting the stringent TRIPS-plus provisions embedded in bilateral investment treaties 
governing the Lekki Free Zone and Ogun-Guangdong Free Trade Zone (Owoyemi et al., 
2020); Ethiopian parks averaged 3.5, consistent with bilateral agreements emphasizing 
TRIPS flexibilities and compulsory licensing mechanisms (Zhuang et al., 2020); and 
Kenyan parks occupied an intermediate position at 4.8, reflecting the hybrid regulatory 
environment of Tatu City and Athi River EPZ. This cross-country variation, coupled with 
within-country heterogeneity documented in Figure 1—particularly the dispersion of 
scores within Ethiopia and Kenya—created the quasi-experimental conditions exploited 
in our econometric analysis. 

AI adoption, operationalized as a binary variable indicating whether a firm had 
implemented AI-driven continuous manufacturing processes or computational drug 
repurposing tools verified through technology licensing agreements and technical audits, 
was present in 31 percent of firms. However, this adoption was heavily concentrated in 
zones with high IP scores, with 68 percent of AI-adopting firms located in parks with IP 
Enforcement Index scores above 5.5. This concentration suggests a non-random pattern 
wherein the transfer of advanced manufacturing technologies is conditional upon the 
availability of robust intellectual property protections, consistent with the techno-
nationalist logic described by Capri (2024). The descriptive patterns thus reveal a 
preliminary indication of the bifurcated industrial structure that our regression analysis 
subsequently quantifies: a low-tech, high-competition sector concentrated in flexible IP 
zones, and a high-tech, low-competition sector concentrated in strict IP zones (Capri, 
2024). 

4.2. Regression Analysis 
To isolate the causal effects of IP enforcement and AI adoption on pharmaceutical 

manufacturing outcomes, we estimated a fixed-effects panel regression model that 
exploits within-firm variation over time. The fixed-effects estimator was selected for its 
capacity to control for unobserved, time-invariant heterogeneity across firms—a critical 
consideration given that firms differ in intrinsic capabilities, management quality, 
institutional knowledge, and strategic orientation, all of which may correlate with both 
their choice of location and their performance outcomes. By differencing out these time-
invariant firm-specific characteristics, we address a primary source of omitted variable 
bias that would plague cross-sectional analyses. The inclusion of year fixed effects further 
controls for common temporal shocks, such as the global supply chain disruptions during 
the COVID-19 pandemic, fluctuations in foreign direct investment inflows, and changes 
in the regulatory approval timelines associated with the African Medicines Agency's 
harmonization efforts (Abdulwahab et al., 2024). Standard errors were clustered at the 
firm level to account for potential serial correlation and heteroskedasticity. 

The econometric model was formally specified with two primary outcome variables 
analyzed separately: local generic output measured in Defined Daily Doses (DDD) of 
essential medicines as defined by the WHO Essential Medicines List, and price elasticity 
measured as the absolute value of the percentage change in the price of a basket of 
essential medicines in response to a 1 percent change in the number of registered 
manufacturers. For each outcome, the model took the following form: 

𝑌௜௧ = 𝛽ଵ(IP Enforcement௜௧) + 𝛽ଶ(AI௜௧) + 𝛽ଷ(IP Enforcement௜௧ × AI௜௧) + 𝛾𝑋௜௧ + 𝛼௜ + 𝜆௧ + 𝜖௜௧ (2) 
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In this equation, 𝑌௜௧  represents the dependent variable for firm i at time t. The 
coefficient 𝛽ଵ captures the direct effect of the IP Enforcement Index on the outcome; 𝛽ଶ 
captures the direct effect of AI adoption; and 𝛽ଷ captures the interaction effect, which is 
central to our theoretical framework concerning the AI-IP nexus. A positive and 
significant 𝛽ଷ  would indicate that the effect of IP enforcement on the outcome is 
conditional upon AI adoption, and vice versa, supporting the hypothesis that these two 
forces interact in shaping pharmaceutical manufacturing outcomes (Mak et al., 2024; Patel 
& Shah, 2022). The vector 𝑋௜௧ includes time-varying control variables: firm age, firm size 
measured by number of employees, foreign direct investment inflow in USD, and 
regulatory approval time capturing the degree of harmonization achieved by the AMA. 
The terms 𝛼௜ and 𝜆௧ represent firm and year fixed effects, respectively, while 𝜖௜௧ is the 
idiosyncratic error term. 

Table 1 presents the fixed-effects regression results for both outcome variables. For 
local generic output, the estimated equation yielded the following coefficients: 

Local Generic Output
௜௧

= −0.32(IP Enforcement௜௧) + 0.48(AI௜௧) + 0.67(IP Enforcement௜௧ × AI௜௧) + 𝛾𝑋௜௧ + 𝛼௜ + 𝜆௧ + 𝜖௜௧(3) 

The coefficient on IP Enforcement was negative and statistically significant (𝛽ଵ =

−0.32 , 𝑝 < 0.05 ), indicating that a one-unit increase in the IP Enforcement Index is 
associated with a 0.32 percent decrease in local generic output. This main effect aligns 
with the conventional view that strict intellectual property protection suppresses generic 
competition by limiting the ability to reverse-engineer and produce copy versions of 
patented medicines (Motari et al., 2021).  

Table 1. Fixed-Effects Regression Results 

Variable Local Generic Output (DDD) Price Elasticity (Absolute Value) 
IP Enforcement Index -0.32** (0.12) -0.45*** (0.10) 

AI Adoption (Dummy) 0.48*** (0.08) 0.21 (0.14) 
IP x AI Interaction 0.67*** (0.15) -0.33* (0.18) 
Control Variables Yes Yes 

Firm FE Yes Yes 
Year FE Yes Yes 

R-squared (Within) 0.41 0.38 
Note: Standard errors in parentheses; *p<0.1, **p>0.05, **p>0.01 

The coefficient on AI adoption was positive and highly significant (𝛽ଶ = 0.48, 𝑝 <

0.01), suggesting that the technology itself boosts production efficiency by compressing 
manufacturing timelines, optimizing reaction conditions, and reducing trial-and-error 
experimentation (Patel & Shah, 2022; Mak et al., 2024). Critically, the interaction term 
between IP Enforcement and AI adoption was positive and statistically significant (𝛽ଷ =

0.67, 𝑝 < 0.01), indicating that the effect of IP enforcement on local generic output is 
conditional upon AI adoption. To interpret this interaction, we can express the marginal 
effect of IP Enforcement on output as: 

∂𝑌௜௧

∂IP Enforcement௜௧

= 𝛽ଵ + 𝛽ଷ(AI௜௧) (4) 

Substituting the estimated coefficients yields: 

∂𝑌௜௧

∂IP Enforcement௜௧

= −0.32 + 0.67(AI௜௧) (5) 

For firms without AI adoption (AI୧୲ = 0), the marginal effect is -0.32, indicating that 
stricter IP enforcement reduces output. For firms with AI adoption (AI୧୲ = 1), the marginal 
effect becomes 0.35 (-0.32+0.67), indicating that stricter IP enforcement increases output 
when AI technologies are present. This reversal constitutes the central empirical finding 
of our research: when AI is combined with strict IP enforcement, the negative impact of 
IP on output is mitigated and, in fact, reverses. Firms in high-IP zones that adopt AI 
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achieve higher output than their counterparts in low-IP zones, a pattern visually 
confirmed in Figure 2, which shows AI-adopted firms in high-IP regimes averaging 
approximately 12.5 million DDD compared to 8.5 million DDD for AI-adopted firms in 
low-IP regimes and 5.5 million DDD for non-AI firms in high-IP regimes. 

For price elasticity, the estimated equation yielded the following coefficients: 

Price Elasticity
௜௧

= −0.45(IP Enforcement௜௧) + 0.21(AI௜௧) − 0.33(IP Enforcement௜௧ × AI௜௧) + 𝛾𝑋௜௧ + 𝛼௜ + 𝜆௧ + 𝜖௜௧ (6) 

The coefficient on IP Enforcement was negative and highly significant (𝛽ଵ =  −0.45, 
𝑝 < 0.01), indicating that stricter IP regimes are associated with less competitive markets 
characterized by higher prices and reduced consumer price responsiveness. This finding 
reflects the market power that data exclusivity and patent linkage mechanisms confer 
upon innovator firms, enabling them to maintain elevated prices even after patent 
expiration (Grabowski et al., 2011; Owoyemi et al., 2020). The coefficient on AI adoption 
was positive but not statistically significant at conventional levels (𝛽ଶ = −0.21, 𝑝 > 0.1), 
suggesting that AI adoption alone does not systematically affect market competitiveness. 
However, the interaction term between IP Enforcement and AI adoption was negative 
and weakly significant (𝛽ଷ = −0.33, 𝑝 < 0.1). The marginal effect of IP Enforcement on 
price elasticity can be expressed as: 

∂Price Elasticity
௜௧

∂IP Enforcement௜௧

= 𝛽ଵ + 𝛽ଷ(AI௜௧) = −0.45 − 0.33(AI௜௧) (7) 

For firms without AI adoption (AI௜௧ = 0), the marginal effect is -0.45, indicating that 
stricter IP enforcement reduces price elasticity (making markets less competitive). For 
firms with AI adoption (AI௜௧ = 1), the marginal effect becomes -0.78 (-0.45-0.33), indicating 
that the price elasticity reduction associated with high IP is amplified when firms adopt 
AI. This finding is visually confirmed in Figure 3, which shows that the combination of 
AI adoption and high IP enforcement produces the lowest price elasticity of all categories 
(approximately 1.1), while non-AI firms in low-IP regimes exhibit the highest elasticity 
(approximately 2.1)—a reduction of nearly 50 percent in price responsiveness. This 
pattern suggests that while the AI-IP combination boosts output volume, it does not 
translate into competitive pricing; instead, it consolidates market power, enabling AI-
enabled firms in protected environments to raise prices with minimal risk of losing market 
share. 

 
Figure 2. Average local generic output (million Defined Daily Doses, DDD) by IP regime and AI 
adoption status. Firms in high-IP zones with AI adoption achieve the highest output volumes (~12.5 
million DDD), while non-AI firms in high-IP zones produce the lowest (~5.5 million DDD), 
indicating a positive interaction between strict IP enforcement and AI-enabled manufacturing. 
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5. Discussion  
5.1. The Paradox of Productivity without Competition: Unpacking the AI-IP 

Interaction 
The central empirical contribution of this paper lies in its identification of what we 

term the “productivity paradox” within the AI-IP nexus in African pharmaceutical 
manufacturing. The fixed-effects regression results presented in Table 1 fundamentally 
challenge the conventional wisdom that strict intellectual property protection uniformly 
harms generic manufacturing capacity in low- and middle-income countries (Motari et al., 
2021). Our findings reveal a far more complex reality, one where the relationship between 
IP enforcement and local generic output is not a simple linear negative correlation but is 
critically mediated by the adoption of artificial intelligence technologies. The model 
specification, 

𝑌௜௧ = 𝛽ଵ൫𝐼𝑃ா௡௙௢௥௖௘௠௘௡௧೔೟
൯ + 𝛽ଶ(𝐴𝐼௜௧) + 𝛽ଷ൫𝐼𝑃ா௡௙௢௥௖௘௠௘௡௧೔೟

× 𝐴𝐼௜௧൯ + 𝛾𝑋௜௧ + 𝛼௜ + 𝜆௧ + 𝜖௜௧ (8) 

was designed precisely to capture this mediation. The statistically significant 
interaction term (𝛽ଷ = 0.67, 𝑝 < 0.01) for the local generic output model provides robust 
empirical evidence that the effect of IP enforcement is conditional on a firm’s technological 
status. For firms without AI adoption, the marginal effect is ப௒೔೟

பIP Enforcement೔೟
= −0.32 , 

confirming that in the absence of advanced manufacturing technologies, strict data 
exclusivity and patent linkage provisions act as barriers, suppressing generic output by 
limiting the ability to reverse-engineer and compete (Motari et al., 2021). However, for 
firms that have adopted AI-driven manufacturing, this marginal effect reverses entirely, 
becoming ப௒೔೟

பIP Enforcement೔೟
= 0.35. This reversal indicates that in the context of Chinese-

financed parks, strict IP enforcement, when paired with AI-enabled production lines, 
attracts a different caliber of foreign direct investment—specifically from Chinese 
innovators like Jiangsu Hengrui and Innovent Biologics (Cai, 2025)—who are willing to 
transfer their most advanced manufacturing technologies only when their intellectual 
property is secure. This dynamic is visually substantiated in Figure 2, which clearly shows 
that firms operating in high-IP regimes with AI adoption achieve the highest output 
volumes, averaging approximately 12.5 million Defined Daily Doses (DDD), compared to 
their counterparts in low-IP regimes (Patel & Shah, 2022; Mak et al., 2024). This finding 
aligns with the techno-nationalist logic described by Capri (2024), where regulatory 
instruments like IP rules are used to attract and protect specific high-value investments, 
effectively creating enclaves of advanced manufacturing (Capri, 2024; Cieślik & Zamojska, 
2025). 

Yet, the paradox deepens when we turn to the second outcome variable: price 
elasticity. The regression results for price elasticity reveal that this impressive 
productivity does not translate into the primary public health goals of the African 
Medicines Agency (AMA): affordable access and market competition (Abdulwahab et al., 
2024). The model for price elasticity yields a direct effect of IP Enforcement that is negative 
and highly significant ( 𝛽ଵ = −0.45, 𝑝 < 0.01 ), indicating that stricter IP regimes are 
associated with less competitive markets. More critically, the interaction term (𝛽ଷ =

−0.33, 𝑝 < 0.1) is also negative, meaning that the negative impact of high IP on market 
competition is amplified when firms adopt AI. The marginal effect for AI-adopting firms 
becomes 

பPrice Elasticity
೔೟

பIP Enforcement೔೟
= −0.78 , compared to −0.45  for non-adopters. This is starkly 

illustrated in Figure 3, Panel B, which shows that the combination of AI adoption and high 
IP enforcement produces the lowest price elasticity of all categories (approximately 1.1), a 
reduction of nearly 50 percent compared to non-AI firms in low-IP regimes (which exhibit 
an elasticity of approximately 2.1). This reveals that the productivity gains from AI-
enabled manufacturing are not being passed on to consumers in the form of lower prices. 
Instead, these gains are captured as economic rents, as firms in protected environments 
gain the ability to raise prices with minimal risk of losing market share. The data thus 
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describe a bifurcated landscape: high-IP/AI-adopted zones function as “production 
platforms” for a few large, vertically integrated firms that achieve high output volumes 
by wielding monopoly pricing power, rather than functioning as competitive generic hubs 
that drive down the cost of essential medicines. 

5.2. AI as a Determinant of Value Chain Positioning and the Emergence of a Dual-
Sector Structure 

The findings presented in this paper suggest that AI is not a neutral technology 
whose benefits are automatically diffused across the industrial landscape. Instead, its 
impact on pharmaceutical manufacturing in Africa is profoundly shaped by the legal and 
regulatory environment in which it is deployed. This observation is central to 
understanding how regulatory choice determines value chain positioning, a concept 
drawn from global value chain analysis as developed by Bontadini (2021) and Z. Li et al. 
(2024). In our empirical context, the interaction between AI adoption and IP enforcement 
is producing a clear bifurcation of the African pharmaceutical sector into two parallel 
industrial structures, a division that has significant implications for the continent’s long-
term strategic autonomy in global health. The first of these is a Low-Tech, High-
Competition Sector, which is concentrated in parks with flexible IP regimes, such as 
Ethiopia’s Eastern Industry Zone and Kilinto Industrial Park (Zhuang et al., 2020). In these 
zones, where the emphasis is on TRIPS flexibilities and compulsory licensing 
mechanisms, we observe a proliferation of small-scale generic firms. These firms, which 
often lack the capital to invest in AI-driven manufacturing, produce high volumes of 
simple generics. The market in these zones is characterized by low margins and high price 
elasticity, as depicted in Figure 3, Panel A. While this model succeeds in delivering 
affordable medicines, it fails to build the sophisticated technological capabilities necessary 
to produce complex generics, biosimilars, or to engage in novel drug discovery. 

In stark contrast, a High-Tech, Low-Competition Sector is emerging in parks with 
strict IP regimes, most notably in Nigeria’s Lekki Free Zone and Ogun-Guangdong Free 
Trade Zone (Owoyemi et al., 2020). Here, the stringent enforcement of data exclusivity 
and patent linkage has successfully attracted foreign direct investment from Chinese 
pharmaceutical innovators. The presence of robust IP protections provides the necessary 
assurance for these lead firms to transfer advanced AI-enabled continuous manufacturing 
processes and computational drug repurposing tools (Katterbauer & Cleenewerck, 2024). 
The result is a highly concentrated sector dominated by a few vertically integrated firms. 
These firms achieve high levels of output, as seen in Figure 2, but operate in a market 
environment with low price elasticity, as seen in Figure 3. The temporal trends in Figure 
4, Panel C, further illustrate this divergence: licensed manufacturers in strict IP zones have 
seen their R&D investment grow from approximately $1.2 million to $2.8 million over the 
study period, while generic manufacturers in more flexible zones have experienced only 
modest growth from $0.6 million to $1.0 million. This widening R&D gap suggests that 
without policy intervention, the dual-sector structure is not a temporary phenomenon but 
a path-dependent trajectory that will become increasingly entrenched over time. This 
fragmentation directly undermines the AMA’s overarching goal of creating a unified, self-
sufficient, and harmonized African pharmaceutical market (Abdulwahab et al., 2024). It 
suggests that the continent is not on a singular path toward manufacturing self-reliance 
but is instead developing a segmented market that serves different, and potentially 
conflicting, interests—a reality that complicates any attempt to build a cohesive 
continental public health infrastructure. 

5.3. Implications for the African Medicines Agency and the Path to a Balanced 
Regulatory Framework 

The empirical evidence presented in this paper confronts the African Medicines 
Agency and national policymakers with a critical regulatory choice. The data 
unequivocally demonstrate that a simplistic, “one-size-fits-all” approach to intellectual 
property is insufficient in an era defined by AI-enabled manufacturing. The productivity 
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paradox, the bifurcated industrial structure, and the divergence in R&D trajectories all 
point to the need for a more sophisticated, nuanced, and adaptive regulatory architecture. 
The policy pathway analysis presented in Figure 5 provides a compelling visual and 
conceptual framework for navigating this complexity. The radar chart compares three 
scenarios: the “Current Trajectory,” which is characterized by high IP strictness and AI 
adoption but abysmal affordability (score of 35); the “Traditional Generic Path,” which 
achieves high affordability (85) but fails to build sustainable technological capacity; and 
the “Balanced Pathway,” which the AMA should actively pursue. The balanced pathway 
achieves the most regular, rounded shape across all five dimensions—IP strictness, AI 
adoption, local output, tech transfer, and affordability—with all dimensions scoring 
between 68 and 78. This shape indicates a policy that successfully balances competing 
objectives rather than maximizing one at the expense of all others. Ahen & Salo-Ahen 
(2018) have argued that inclusive governance models—those that prioritize technology 
transfer and local capability building—are essential for accelerating access to quality 
medicines in Africa, a perspective that informs our emphasis on regulatory choice (Ahen 
& Salo-Ahen, 2018). 

It would also directly address the worrying trend of declining price elasticity 
documented in Figure 4, Panel B, by creating institutional mechanisms to decouple 
productivity from monopoly market power. The temporal trends in Figure 4, Panel D, 
which show significant employment growth in the sector, also underscore the stakes: the 
choice of regulatory framework is not merely a technical matter of IP law but a 
fundamental determinant of the quality and distribution of the jobs created. A balanced 
pathway, by promoting both high-tech investment and a competitive generic sector, could 
foster a more diverse and resilient industrial ecosystem. As AI continues to compress the 
drug development cycle and reshape global pharmaceutical value chains, the decisions 
made today by the AMA regarding patent waivers, data exclusivity, and technology 
transfer will be determinative. They will dictate whether Africa becomes a mere market 
for finished goods or a strategic node in the global generic value chain, capable of 
participating in the future of pharmaceutical innovation rather than remaining dependent 
on the regulatory choices of external partners (Tambo et al., 2019; Strange & Tucker, 2023). 

 
Figure 3. Price elasticity (absolute value) by IP regime and AI adoption status. High-IP zones 
combined with AI adoption produce the lowest price elasticity (~1.1), indicating reduced market 
competition, whereas low-IP zones without AI exhibit the highest elasticity (~2.1), reflecting more 
competitive, price-sensitive markets. 
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Figure 4. Temporal trends (2018–2025) in pharmaceutical manufacturing outcomes across IP 
regimes. (A) Local generic output growth is strongest in high-IP/AI-adopted firms. (B) Price 
elasticity declines most sharply in high-IP/AI-adopted zones. (C) R&D investment diverges, with 
licensed manufacturers in strict IP zones showing steeper increases than generic firms in flexible 
zones. (D) Employment grows across all categories but fastest in high-IP/AI-adopted parks. 
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Figure 5. Policy pathway analysis comparing three regulatory scenarios across five dimensions (IP 
strictness, AI adoption, local output, technology transfer, and affordability). The “Balanced 
Pathway” achieves the most regular profile (scores 68–78), outperforming the “Current Trajectory” 
(low affordability, 35) and the “Traditional Generic Path” (low technological capacity, 35) on key 
industrial and public health goals. 

6. Conclusion  
This paper has provided the first firm-level empirical assessment of how the 

intersection of China’s bifurcated intellectual property strategy and the rapid diffusion of 
artificial intelligence-enabled manufacturing technologies is fundamentally reshaping the 
pharmaceutical production landscape in Africa. By constructing and analyzing a novel 
panel dataset of 142 pharmaceutical manufacturers operating in Chinese-financed 
industrial parks across Ethiopia, Kenya, and Nigeria between 2018 and 2025, we have 
moved beyond speculative policy discourse to offer concrete evidence of how regulatory 
choice—specifically the enforcement of data exclusivity and patent linkage provisions—
interacts with technological adoption to determine industrial outcomes. Our findings 
challenge the long-standing binary framing of “access versus innovation” that has 
structured global pharmaceutical governance since the TRIPS Agreement. In its place, we 
reveal a more complex, technology-mediated reality in which the same IP regime can 
simultaneously suppress generic competition in one context and attract high-value 
investment in another, depending critically on the presence or absence of AI-driven 
manufacturing capabilities. This complexity demands that policymakers abandon 
simplistic prescriptions and instead confront the nuanced trade-offs that define the 
contemporary AI-IP nexus. The central empirical paradox we have identified—that strict 
IP enforcement correlates with higher local generic output only when paired with AI 
adoption, yet simultaneously reduces price elasticity and consolidates market power—
carries profound implications for the African Medicines Agency and for national 
governments seeking to build self-sufficient pharmaceutical sectors. As artificial 
intelligence continues to compress drug development timelines, optimize manufacturing 
processes, and fundamentally alter the economics of pharmaceutical production, the 
decisions made today regarding patent waivers, data exclusivity, and technology transfer 
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will have enduring consequences. Our findings demonstrate that the AI-IP nexus is not a 
neutral technological force but a site of active contestation where regulatory architecture 
determines the distribution of benefits between innovator firms, generic manufacturers, 
and the public health systems that depend on affordable medicines. For Africa, the stakes 
could not be higher. The continent has an opportunity to learn from the experiences of 
other regions and to design regulatory frameworks that avoid the pitfalls of both excessive 
protectionism, which concentrates market power, and weak enforcement, which fails to 
attract the advanced technologies necessary for industrial upgrading. Whether Africa 
succeeds in this endeavor will depend on the capacity of the African Medicines Agency 
and national policymakers to move beyond inherited policy frameworks and embrace the 
complexity of the AI-IP era—an era in which regulatory choice is determinative of 
whether the continent participates in the future of pharmaceutical innovation or remains 
dependent on the regulatory choices of external partners. 
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