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About Genie Capital Ltd
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Mathematics, Recursion Mathematics (formerly Loop Theory), Transcendental Mathematics, and derivative
works. While the bulk of this work is available under the CC BY-NC-SA license, some derivations are kept
proprietary.

In addition to IP origination and stewardship, Genie Capital uses its frameworks to diagnose structural
fragilities in global, national, and corporate systems, and makes these diagnoses publicly available under the
CC BY-NC-SA license to enhance the public's understanding and to push informed debate.

Every report is made by synthesising only publicly available information through the lens of specific
frameworks.

Genie Capital is not an advisory firm, not an investment firm, and not a lobbyist. It holds no position in any
of the entities mentioned in this report. None of the entities mentioned are its customers as at the date of
publication. This does not exclude them becoming licensees or partners in the future.

Genie Capital Ltd - CC BY-NC-SA - Page 3 of 25



GENIE CAPITALRwanda Vision 2050 — Structural Diagnosis and Policy Proposal

Table of Contents

Executive Summary

Part I: Evolution, 1994—2026

Part II: Current State Assessment Through the Industrial Stack
Part III: Why Current Toolkits Miss It

Part IV: The Proposed Policy — Base-First Strategy

Part V: The Three Bets

Part VI: Human Capital — The Deep Substrate

Part VII: Comparison with the Current Strategy

Part VIII: Implementation Roadmap

Part IX: Risks and Mitigations

Part X: Conclusion

Genie Capital Ltd - CC BY-NC-SA - Page 4 of 25

14
15
18
20
21
22
23
24



GENIE CAPITALRwanda Vision 2050 — Structural Diagnosis and Policy Proposal

Executive Summary

Rwanda has achieved one of the most remarkable post-conflict transformations in modern history. From the
ashes of the 1994 genocide, it has built a stable state, grown its economy more than tenfold, lifted millions
out of poverty, and established itself as a model of effective governance in Africa. These achievements are
real, and they are significant.

But the next stage of Rwanda's development cannot be an extension of the last. The strategies that worked
from 1994 to 2026 — state-led reconstruction, export promotion, market access, industrial parks — are
reaching their structural limits. Rwanda is landlocked, small, and cannot compete on volume. It must
compete on value. And competing on value requires building the layers of the Industrial Stack that Rwanda
has so far deferred: Protocol, Infrastructure, and Platform.

This report presents a structural diagnosis of Rwanda's economy through the Industrial Stack framework,
explains why current policy toolkits miss the binding constraints, and proposes an alternative trajectory: a
base-first strategy that builds the foundational layers of the stack, focuses national effort on two or three
deep technology bets, and invests in the deep human capital — mathematics, science, engineering,
philosophy — that fills every layer.

The proposal is not a rejection of Rwanda's current strategy. It is a reordering of
priorities. The goal is the same: a prosperous, high-income Rwanda by 2050. The
path is different.

This report proceeds in ten parts:
e Part | traces Rwanda's evolution from the 1994 collapse through state-led reconstruction to the search
for a new growth engine.

e Part Il applies the Industrial Stack framework to Rwanda's current state, layer by layer, from Producer
down to Protocol.

e Part lll explains why the classic toolkits — export-led manufacturing, Aggregator-first policy, sector
menus, TVET-only human capital — miss the binding constraints.

e Part IV proposes a base-first strategy: Protocol first, Infrastructure second, Platform third, with
Aggregator as a bridge and Producer emerging from the base.

e Part V sets out three deep-technology bets — biotech manufacturing, advanced computing and Al, and
precision manufacturing — sustained for twenty years.

e Part VI argues that human capital is not a layer but the substance that fills every layer, and that
Rwanda's deepest need is thinkers, not only technicians.

e Part VIl compares the current strategy with the proposed strategy across ten dimensions.
e Part VIl lays out a three-phase implementation roadmap from 2026 to 2050.
e Part IX identifies the principal risks to the strategy and how to mitigate them.

e Part X concludes: the stack reads top-down, but it must be built bottom-up.
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Part I: Evolution, 1994—-2026

1.1 From Collapse to Reconstruction (1994—2000)

The 1994 genocide against the Tutsi killed approximately 800,000 people and destroyed Rwanda's physical,
social, and institutional fabric. GDP collapsed to $1.4 billion. GDP per capita was $223. Life expectancy was 29
years. Poverty affected 78% of the population. The state itself had ceased to function.

The Rwandan Patriotic Front (RPF) inherited a country with no functioning bureaucracy, no infrastructure, no
capital, and a traumatized population. The immediate task was survival: restoring order, repatriating
refugees, rebuilding institutions, and preventing a return to violence.

1.2 State-Led Reconstruction and Growth (2000—-2015)

Under President Paul Kagame, Rwanda embarked on an ambitious state-led development program. Vision
2020, launched in 2000, set targets for middle-income status. The strategy rested on:

e Political stability and centralized control. The RPF consolidated power, suppressed dissent, and built a
state capable of executing policy.

e Strategic investment in infrastructure. Roads, electricity, ICT, and public services.

e Export-oriented agriculture and services. Coffee, tea, tourism, and later ICT.

e Donor engagement. Rwanda became a darling of the development community, attracting significant
aid and investment.
Rwanda's Transformation, 1994-2026
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Figure 1.1 — Rwanda's poverty rate, life expectancy, and electrification each transformed between 1994 and 2026.

The results were dramatic. GDP grew at 7-8% annually for two decades. Poverty fell from 78% to 27.4% by
2024. Life expectancy rose to 70.5 years. Education access reached 92.8%. Electrification rose from below 1%
to 72%. 4G coverage reached 99% of the population. Rwanda became the first country in the world to have
women hold 63.8% of seats in the Chamber of Deputies.

1.3 Consolidation and the Search for the Next Stage (2015—2026)

By the mid-2010s, Rwanda's growth model was maturing. The easy gains from reconstruction and basic
service delivery were exhausted. The country needed a new growth engine.

The response was a series of strategies: the National Strategy for Transformation (NST1, 2017-2024), the
Industrial Policy 2024-2034, the Fifth Strategic Plan for the Transformation of Agriculture (PSTAS5), the
Financial Sector Development Strategy (FSDS 2025-2030), and Vision 2050, which targets
upper-middle-income status by 2035 and high-income status by 2050.
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The current strategy identifies nine priority sectors: horticulture, leather processing, tea, pharmaceuticals,
textiles and apparel, automotive industries, tourism, global business services, and creative industries. It
targets 13% annual manufacturing growth, 1.25 million new jobs, and doubling export revenues from $3.5
billion to $7.3 billion.
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Figure 1.2 — Rwanda's Vision 2050 industrial targets: 1.25 million new jobs and 13% annual manufacturing growth.

These are ambitious targets. But they are built on a structural foundation that is not yet capable of
supporting them.
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Part II: Current State Assessment Through the Industrial
Stack

The Industrial Stack decomposes industry into five enabling layers, read from the top down: Producer —
Aggregator — Platform — Infrastructure — Protocol. Each layer enables the one above it. Each layer has
sub-layers, functions, and examples. The stack is fractal — the same structure recurs at every resolution.

Reading Rwanda through the stack reveals where the binding constraints sit.

The Industrial Stack: Five Enabling Layers

Producer

Aggregator

Protocol

Enables 1 / Leverage |

Figure 2.1 — The Industrial Stack reads from Producer (most visible, most exposed) down to Protocol (most foundational, most
powerful).

2.1 Producer Layer — Value Makers

Function: Transform inputs into industrial output.
Control: Input.
Output dimensions: Quality x Quantity.

Rwanda's Producer layer is the visible face of its industrial policy. The nine priority sectors, the SEZs, the
export targets — all of this is Producer-layer activity. Rwanda has made real progress here:

 Kigali SEZ: 385 hectares, 253 companies, approximately $290 million in exports in 2025.

e Bugesera SEZ: 330 hectares, $100 million in approved investments in its first phase.

e Musanze Industrial Park: Hosts an integrated iron and steel plant expected to employ 1,000 people and
reduce steel imports using local iron ore.

e BioNTech: The first mRNA vaccine manufacturing facility in Africa, located in Kigali.

But the Producer layer is constrained by everything below it. Rwandan factories import their machinery, their
spare parts, their tooling, their measurement equipment, and most of their intermediate inputs. They face
unreliable electricity, high logistics costs, and expensive capital. They produce at high cost and low volume,
competing against countries with structural advantages Rwanda cannot replicate.
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Diagnostic questions
e |s quality high enough? Partially — Made in Rwanda certification exists, but quality infrastructure is
thin.

e [s quantity sufficient? No — scale is limited by domestic market size and export logistics.
* |s cost competitive? No — transport costs are 63% higher than coastal peers.

e |s the output mix right? Unclear — nine priority sectors is a menu, not a focus.

2.2 Aggregator Layer — Market Creators

Function: Match supply, demand, capacity, and logistics.
Control: Matching.
Output dimensions: Selection x Access.

This is where Rwanda's policy has been strongest and most active. The Aggregator layer routes things to the
right place at the right time. Rwanda has invested heavily here:

e Made in Rwanda: Demand-side intervention to recapture domestic market share and improve the
image of local products.

o AfCFTA Strategy: Prioritizes tea, coffee, avocado, honey, and horticulture for regional export. Exports to
African countries are projected to increase by 38% by 2035.

e Logistics infrastructure: Rusizi Port (97.5% complete), Rubavu Port (operational), Kigali SEZ internal
roads (13.75 km), electricity and water networks (49 km).

e Trade facilitation: Customs modernization, rules of origin training, economic diplomacy.

Rwanda's African Exports Are Concentrated in One Market

s DRC mmm Rest of Africa

Figure 2.2 — 79% of Rwanda's African exports go to the DRC alone, concentrating economic stability on the security situation next
door.

But the Aggregator layer is a routing layer, not a production layer. It moves things that already exist. It cannot
compensate for a weak Platform, unreliable Infrastructure, or incoherent Protocol. And Rwanda's export
markets remain dangerously concentrated: 79% of Rwanda's African exports go to the DRC alone, tying
economic stability to the security situation next door.

Diagnostic questions

Genie Capital Ltd - CC BY-NC-SA - Page 9 of 25



GENIE CAPITALRwanda Vision 2050 — Structural Diagnosis and Policy Proposal
e |s selection deep enough? Limited — export basket is narrow and concentrated.
e s access open enough? Yes — AfCFTA and regional trade agreements provide access.
e |s matching efficient? Improving — but logistics costs remain high.

e s logistics reliable? No — landlocked, no railway, expensive road transport.
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2.3 Platform Layer — Toolmakers and Parts Makers

Function: Provide the modular, deployable means and components of production.
Control: Abstraction.
Output dimensions: Simplicity x Versatility.

This is Rwanda's most significant gap. The Platform layer provides the tools, parts, equipment, instruments,
and software that make production physically possible. It includes:

e Toolmakers: machine tools (turning, milling, drilling, grinding, EDM, laser, waterjet, additive), cutting
tools, molds and dies, jigs and fixtures, metrology, automation, assembly systems, software tools.

e Parts makers: power transmission (bearings, gears, belts, chains), motion control (motors, drives,
actuators), fasteners, sealing, fluid power, electrical/electronic components, structural components,
subassemblies.

Rwanda has almost no domestic capability in any of these. Every factory imports its machinery, its spare
parts, its tooling, and its measurement equipment. This means:

e High capital costs. Imported equipment is expensive and subject to tariffs and logistics costs.

e Long downtime. When a part fails, production stops until a replacement arrives from abroad.

e No local iteration. Firms cannot customize or improve production processes because they lack the
toolmaking capability.

e No supplier ecosystem. New Producers must import everything, raising costs and reducing
competitiveness.

Rwanda's industrial parks are Platform-layer real estate, but they are not Platform-layer capability. The parks
provide buildings and utilities. They do not provide toolmaking, metrology, automation, or parts
manufacturing.

Diagnostic questions
e |[sit simple enough to use? Not applicable — the capability does not exist domestically.
e |[sit versatile enough to adapt? No — firms are dependent on imported, standardized equipment.
e s it precise enough? No — metrology and quality infrastructure are thin.

e |[sit available? Only through imports, at high cost and long lead times.
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2.4 Infrastructure Layer — Substrate Providers and Heavy Machine Makers

Function: Provide the physical foundation on which production rests.
Control: Substrate.
Output dimensions: Bandwidth x Reliability.

The Infrastructure layer provides raw materials, energy, transport, and heavy capacity at scale. It determines
the rate and reliability of every flow above it. Rwanda's gaps here are severe.

Rwanda's Energy Gap Is Structural, Not Marginal
China __ 1500 w

South Africa - 800 W

Rwanda -I 20w
102 103

Installed generation capacity per person (watts, log scale)

Figure 2.3 — Rwanda's installed generation capacity is roughly 20 watts per person, against approximately 800 in South Africa and
1,500 in China.

Energy:

e Installed capacity is approximately 300 MW for 14 million people — about 20 watts per person. South
Africa has approximately 800 watts per person; China has approximately 1,500. The Ruzizi lll Regional
Hydropower Project ($800 million) and methane gas extraction on Lake Kivu are steps forward, but far
from sufficient. Senators have flagged frequent electricity outages disrupting production in industrial
parks.

Transport:
e No railway. Road transport is expensive, slow, and unreliable. The Isaka-Kigali Standard Gauge Railway

(SGR) is estimated at $1.8 billion — more than Rwanda's entire annual national budget — and depends
entirely on Tanzania completing its section, which was only 6.87% complete as of mid-2025.

Water:

e Industrial water supply is a constraint in some areas.

Materials:

e Rwanda imports steel, cement, chemicals, plastics, and packaging. The Musanze steel plant is a start,
but it is one plant.

Diagnostic questions
e |s capacity sufficient? No — energy, transport, and materials are all constrained.
e Isitreliable? No — electricity outages are frequent.
e Isit located correctly? Partially — SEZs have infrastructure, but the national grid is weak.

e |[s it cost-competitive? No — landlocked logistics and power tariffs are high.
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2.5 Protocol Layer — Standard Setters

Function: Make things compatible so they can flow at all.
Control: Logic.
Output dimensions: Coherence x Universality.

The Protocol layer is the base of the stack. It defines units, measures, grades, interfaces, safety, quality,
process, transport, grid, and environmental standards. It is the most abstract, the most invisible, and the
most foundational. Nothing above it works without it.

Rwanda's Protocol layer is underdeveloped:

e Metrology: Calibration labs, reference materials, traceability chains, and testing capability are thin.
Without metrology, you cannot certify quality. Without certification, you cannot export to regulated
markets.

e Standards: The Rwanda Standards Board exists, but its reach and depth are limited.

e Intellectual property: Rwanda gazetted its first law regulating virtual asset businesses in May 2026. But
a full IP regime that researchers and firms trust is still emerging. In automotive, local spare-parts
manufacturing requires authorization from original equipment manufacturers — a Protocol-layer
barrier.

e Data standards: Interoperability, data sharing, and digital governance frameworks are nascent.

e Rules of origin: AfCFTA training is underway, but implementation remains a work in progress.

Diagnostic questions
e Are standards coherent? Partially — some standards exist, but they are not deeply institutionalized.
e Are they universal? No — Rwanda's standards are not yet recognized regionally or globally.
e Are they fragmented? Yes — multiple regimes, limited coordination.

e Are they captured? Not yet — but the risk exists as standards become more important.

2.6 The Flows

The stack enables six flows: material, energy, goods, information, money, and people. Each layer affects each
flow differently.

Material Stalls at extraction and imports. Packaging, chemicals, and intermediate goods are imported.
Energy Unreliable and costly. ~20 watts per person. Outages disrupt production.

Goods Cannot reach market cheaply. Landlocked, no railway, high logistics costs.

Information Constrained by IP rules and limited digital adoption in MSMEs.

Money Expensive. Savings rate is 12.4% of GDP; agricultural lending is 6%.

People Skilled but not in the right places. Skills mismatch. Retention challenges.

2.7 The Diagnosis
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Rwanda has been playing at the layers where policy moves fast — Producer and Aggregator — and deferring
the layers that determine whether anything above them can work: Protocol, Infrastructure, and Platform.

This is not a failure of ambition. It is a failure of sequencing. The layers below hold leverage over the layers
above. The Producer is the most exposed position in the stack because every layer below it can squeeze it.
The Protocol is the most structurally powerful position because it has no layer below it to be squeezed by.

Rwanda has built the top of the stack and deferred the base. The base is where the binding constraints sit.
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Part III: Why Current Toolkits Miss It

3.1 The Export-Led Manufacturing Trap

The classic East Asian export-led model — labor-intensive manufacturing, export processing zones, plug into
global value chains — is crowded. China didn't just seize it; it became it. Now Vietnam, Bangladesh, Ethiopia,
and others are fighting over the scraps China is vacating.

Rwanda cannot win that game. It lacks the ports, the scale, the labor cost advantage, and the existing
supplier base. Export-led manufacturing is largely closed to Rwanda.

Export-led services (what India did with IT) remains open, but requires deep human capital. Export-led
regional trade (what Rwanda is doing with DRC and AfCFTA) is open but politically fragile and geographically
concentrated.

3.2 The Aggregator Bias

Rwanda's policy has focused on the Aggregator layer because it is the layer where policy can move fastest
and show visible results soonest. Trade deals, export figures, park occupancy — these are politically legible.
Platform and Infrastructure require decade-long capital cycles and are politically harder to claim credit for.

But the Aggregator layer is a routing layer. It cannot compensate for a weak Platform, unreliable
Infrastructure, or incoherent Protocol.

3.3 The Nine-Sector Menu

Rwanda's industrial policy identifies nine priority sectors. That is not focus. That is a menu. Nine sectors
means spreading capital, talent, and political attention across nine different bets. Deep technology
development requires two or three bets maximum, sustained for 20 years.

3.4 The TVET Trap

Rwanda's human capital strategy has focused on technical and vocational education and training (TVET) —
producing welders, electricians, and technicians. This is necessary but not sufficient. It is the incrementalist
trap: train people to operate someone else's stack, and you will always be operating someone else's stack.

The deeper need is for thinkers who can design protocols, build platforms, and diagnose bottlenecks —
mathematicians, scientists, engineers, and philosophers.

3.5 The Freedom Assumption

Western development discourse often assumes that deep technology requires liberal democracy. This is
empirically false. South Korea built Samsung and SK Hynix under dictatorship. Taiwan built TSMC under
martial law. Singapore built A*STAR and Biopolis under semi-authoritarian rule. The Soviet Union produced
Kolmogorov, Landau, and Gelfand under Stalin.

The constraint is not political freedom. It is institutional design. The state can be directive at the political level
while research institutions have internal scientific autonomy. That is the model. Rwanda's political system is
an advantage here — it is stable and can be driven. The question is whether it will focus.
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Part IV: The Proposed Policy — Base-First Strategy

4.1 The Principle

The stack reads top-down: Producer — Aggregator — Platform — Infrastructure — Protocol.
But it is built bottom-up: Protocol — Infrastructure — Platform — Aggregator — Producer.

Rwanda has been building top-down — picking Producers, routing through Aggregators — and deferring the
base. The alternative is to build the base first: coherent Protocol, reliable Infrastructure, capable Platform.
The Producer layer then emerges from the stack rather than being forced onto it.

4.2 Protocol First

Objective: Build the coherence layer that makes everything else compatible.
Actions:

e National Metrology Institute: Calibration labs, reference materials, traceability chains, testing
capability. Without metrology, you cannot certify quality. Without certification, you cannot export to
regulated markets.

e Standards development: Deepen the Rwanda Standards Board. Participate in international standards
bodies (ISO, IEC, ITU). Develop regional standards through AfCFTA and the African Organisation for
Standardisation.

e Intellectual property regime: Full IP protection — patents, trademarks, trade secrets, plant varieties. A
regime that researchers and firms trust.

e Data standards: Interoperability frameworks, data sharing protocols, digital governance.

e Rules of origin: Full implementation of AfCFTA rules of origin, with training for exporters and customs
officials.

Why it matters: Protocol is the base of the stack. It has no layer below it to be squeezed by. It is the most
structurally powerful position.
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4.3 Infrastructure Second

Objective: Build the substrate layer that determines the rate and reliability of every flow.

Actions:

Energy: Accelerate Ruzizi Ill, methane gas extraction, and additional generation. Target 1,000 MW
installed capacity by 2035. Invest in transmission and distribution reliability. Reduce outages to
near-zero for industrial users.

Transport: Continue road and logistics investment. Prepare for the Isaka-Kigali SGR but do not wait for
it. Develop alternative corridors (Central Corridor via Tanzania, Northern Corridor via Uganda/Kenya).
Invest in air freight for high-value, time-sensitive exports.

Water: Industrial water supply for SEZs and industrial parks.

Materials: Expand Musanze steel. Develop cement, chemicals, and packaging capability. Reduce import
dependence for basic industrial inputs.

Why it matters: Infrastructure determines the rate and reliability of material, energy, goods, information,
money, and people flows. If Infrastructure is weak, everything above it is weak.

4.4 Platform Third

Objective: Build the toolmaking layer that makes production physically possible.

Actions:

National Institute for Advanced Manufacturing: Metrology labs, CNC machining, tool and die, materials
testing, automation integration. This is the purest Platform play. It creates the toolmaking layer that
every Producer depends on.

Precision manufacturing cluster: Bearings, gears, fasteners, seals, power transmission, motion control,
fluid power, electrical components. Start with import substitution for domestic Producers, then export.

Automation and control: PLCs, sensors, drives, robotics, systems integration.
Software tools: CAD, CAM, CAE, PLM, MES, SCADA, ERP, digital twin, simulation.

Metrology and quality infrastructure: Calibration, testing, certification, inspection.

Why it matters: The Platform layer provides the means of production. Without it, Producers import
everything, at high cost and long lead times.
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4.5 Aggregator as Bridge, Not Strategy

Objective: Use Aggregator policy to buy time for the base to develop, not as the strategy itself.
Actions:

e Maintain Made in Rwanda, AfCFTA engagement, and logistics investment.
e Diversify export markets beyond DRC. Reduce concentration risk.
e Use trade agreements to access markets for Platform and Producer outputs as they emerge.

Why it matters: Aggregator policy is necessary but not sufficient. It routes things that already exist. It cannot
compensate for a weak base.

4.6 Producer Emerges from the Base

Objective: Let the Producer layer emerge from a coherent stack rather than forcing it onto an incoherent
one.

Actions:

e Continue supporting priority sectors — but as outputs of the stack, not targets imposed on it.

e When Protocol is coherent, Infrastructure is reliable, and Platform is capable, Producers become
competitive organically — not through subsidies and export incentives.

e Measure success by stack coherence, not just by export figures.

Why it matters: The Producer layer is the visible face of the stack. But it is only as strong as the layers below
it.
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Part V: The Three Bets

Rwanda cannot build everything. It must focus. Three bets, sustained for 20 years, with protected funding
and internal scientific autonomy.

5.1 Biotech Manufacturing

Seed: BioNTech mRNA vaccine facility.
What it builds:

e Platform: Bioprocessing equipment, cleanroom operations, quality systems.

e Protocol: Regulatory standards, GMP certification, regional pharmacopoeia.

e Producer: Vaccines, biologics, specialty pharmaceuticals for the African market.
e Frontier door: Synthetic biology, gene therapy, precision medicine.

Why it matters: Africa imports 99% of its vaccines. Rwanda could become the Singapore of African biotech —
the place where African pharma is made. This is a Platform + Protocol play that sets standards for the
continent.

5.2 Advanced Computing and Al

Seeds: AIMS Rwanda (mathematics), Carnegie Mellon University Africa (engineering and Al).
What it builds:

e Platform: Supercomputing, data engineering, Al deployment, systems administration.
e Protocol: Data standards, interoperability, Al governance.

e Producer: Al for agriculture, health, logistics; digital services exports.

e Frontier door: Computational science, simulation, frontier Al research.

Why it matters: Computing is the general-purpose technology of the 21st century. Building the compute and
data infrastructure creates the tools that every other sector uses.

5.3 Precision Manufacturing and Materials

Seed: Musanze steel plant.
What it builds:

e Platform: Metrology, CNC machining, tool and die, materials testing, automation integration.
e Protocol: Dimensional standards, material specs, inspection standards.

e Producer: Precision components, capital goods, instruments.

e Frontier door: Advanced materials, robotics, instrumentation.

Why it matters: Precision manufacturing is the foundation of every industrial economy. Without it, you
cannot make the tools that make the things.

5.4 The Logic of the Three Bets
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e Each bet builds known technology — bioprocessing, computing, precision machining. None is frontier.
All are the condition for frontier.

e Each bet builds a Platform capability and a Protocol capability, not just a Producer output.
e Each bet has a frontier door — a path from the known to the unknown.

The ladder is real. Korea didn't go from subsistence agriculture to semiconductors. It went textiles — wigs —
plywood — steel — shipbuilding — consumer electronics — memory chips — displays — batteries —
frontier. Each rung built the tacit knowledge, the supplier base, the institutional memory, and the talent
density that made the next rung possible.

Rwanda must climb the same ladder. The three bets are the first rungs.
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Part VI: Human Capital — The Deep Substrate

6.1 Beyond TVET

Human capital is not a layer in the stack. It is the substance that fills every layer. And the deepest investment

is not in technicians — it is in thinkers who can design protocols, build platforms, and diagnose bottlenecks.

6.2

Mathematics — the language of Protocol, Platform, and control.
Physics and chemistry — the base of Infrastructure and materials.
Engineering — the application to Platform and Producer.

Philosophy — logic, epistemology, ethics. The foundations of Protocol design and institutional
coherence.

The Institutional Nuclei

Rwanda already has the seeds:

AIMS Rwanda — world-class mathematics.
Carnegie Mellon University Africa — engineering and Al at an American standard.
BioNTech — mRNA vaccine manufacturing.

Zipline — national drone delivery.

These are the institutional nuclei. The strategy is to focus them, protect them for 20 years, and let the

scientists inside them do science.

6.3

Institutional Design

The state directs the mission. The scientists direct the science. This is the model that worked for Korea,
Taiwan, Singapore, and the Soviet Union.

6.4

Internal scientific autonomy: Hiring, research direction, publication, peer review, failure.
Protected funding: 20-year horizons, not 5-year cycles.

Competitive compensation: To attract and retain top talent.

Global connection: Send people abroad, bring them back, stay connected.

Tolerance for failure: Most deep tech bets fail. The system must allow it.

Retention

If you train brilliant mathematicians and philosophers, they may leave. Rwanda must create the conditions

for them to stay:

World-class research infrastructure.
Competitive salaries.

Intellectual community.
Connection to global networks.

The freedom to do science.
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Part VII: Comparison with the Current Strategy

‘m Current Strategy Proposed Strategy

Bottom-up: Protocol — Infrastructure —

Reading Top-down: sectors — markets — parks Platform —s Producer

Focus Nine priority sectors E‘;ﬁjfg:ziri:igtech computing, precision
Aggregator The strategy A bridge, not the strategy

Platform Real estate (SEZs, parks) Toolmaking, metrology, automation, parts
Infrastructure Underfunded, unreliable The binding constraint, funded first

Protocol Neglected The base — standards, IP, metrology, quality
Human capital TVET, technicians m?rgseor;iians’ scientists, engineers,
Horizon 5-year deliverables 20-year institutional building

Frontier Not addressed Emerges from the known, rung by rung
Success metric Export figures, jobs Stack coherence, flow rates

7.1 What Is Preserved
e Political stability and state capacity.
e Export orientation, but focused on value, not volume.
e Regional integration through AfCFTA.
e Investment in infrastructure, but with correct sequencing.

e Support for priority sectors, but as outputs of the stack.

7.2 What Is Changed

e Sequencing: Base first, not top first.

e Focus: Three bets, not nine sectors.

e Platform: Toolmaking capability, not just industrial parks.
e Protocol: Standards, metrology, IP as strategic priorities.
e Human capital: Deep thinkers, not just technicians.

e Horizon: 20 years, not 5.
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Part VIII: Implementation Roadmap

Implementation Roadmap, 2026-2050

Phase 3: Emergence

(frontier work, high-income status)
Phase 2: Building

(platform capability, clusters operational)
Phase 1: Foundation

(metrology, institutes, energy, IP regime)

] ] ! i
2026 2030 2040 2050

Figure 8.1 — Three phases carry the strategy from foundation-building in 2026 to high-income status by 2050.

8.1 Phase 1: Foundation (2026—2030)
e Establish National Metrology Institute.
e Launch National Institute for Advanced Manufacturing.
e Expand AIMS and CMU-Africa.
e Accelerate energy generation (Ruzizi lll, methane).
e Begin IP regime development.

e Select and protect the three bets.

8.2 Phase 2: Building (2030—2040)
e Platform capability in metrology, machining, automation.
e Biotech manufacturing cluster operational.
e Supercomputing and Al infrastructure operational.
e Precision manufacturing cluster emerging.
e Human capital pipeline producing world-class graduates.

e Export diversification beyond DRC.

8.3 Phase 3: Emergence (2040—2050)
e Frontier work begins in synthetic biology, advanced materials, computational science.
e Producer layer competitive organically.
e Rwanda as regional standard-setter.

e High-income status achieved.
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Part IX: Risks and Mitigations

Political over-control of research Institutional autonomy inside directed mission. Scientists direct science.
Brain drain Competitive compensation, world-class infrastructure, global connection.
Funding shortfalls Protected 20-year funding. Development partner alignment.
Infrastructure delays Parallel corridors. Air freight for high-value exports.

Regional instability Diversify export markets. Secure corridors.

Failure of bets Portfolio approach. Tolerance for failure. Learn and iterate.
Concentration of power Institutional checks. Scientific peer review. Transparent metrics.
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Part X: Conclusion

Rwanda's transformation from 1994 to 2026 is one of the most remarkable stories in modern history. It is a
testament to what a focused, capable state can achieve.

But the next stage cannot be an extension of the last. The strategies that worked are reaching their structural
limits. Rwanda cannot compete on volume. It must compete on value. And competing on value requires
building the layers of the stack that Rwanda has so far deferred: Protocol, Infrastructure, and Platform.

This report proposes a base-first strategy: build the foundational layers, focus on three deep technology bets,
and invest in the deep human capital that fills every layer. The goal is the same. The path is different.

| The stack reads top-down. But it is built bottom-up.
Start at the Producer. Descend to the Protocol. See the layers. Enable the flow.
But build from the Protocol up.

The frontier emerges. Not in 5 years. In 20. And the generation that starts at the known rung is the one that
reaches the unknown.

Annexes Available on Request

e Annex A: National Metrology Institute — design and funding.

e Annex B: National Institute for Advanced Manufacturing — design and funding.

e Annex C: Biotech manufacturing cluster — design and funding.

e Annex D: Advanced computing and Al infrastructure — design and funding.

e Annex E: Human capital pipeline — AIMS, CMU-Africa, and new institutes.

e Annex F: Protocol layer — standards, IP, metrology, data governance.

e Annex G: Flow diagnostics — material, energy, goods, information, money, people.

e Annex H: Comparison with Korea, Taiwan, Singapore, Switzerland.

Prepared by Genie Capital Ltd - Framework: Nikoka Protocol, Industrial Stack - License: CC BY-NC-SA - October
2026
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