
 
 
Autonomous Protein Infrastructure: 
AI-Driven Recirculating Aquaculture 
Systems for Sub-Saharan Africa 
 
The Impending Nutritional Crisis and the Case for 
Technological Intervention 
The demographic trajectory of Sub-Saharan Africa presents one of the most significant 
logistical and humanitarian challenges of the twenty-first century. With the regional 
population projected to double by 2050, reaching approximately 2.5 billion people, the 
pressure on existing food systems is unsustainable.1 Central to this challenge is the widening 
"protein gap," particularly in nations like Kenya, where the annual demand for fish—driven by 
urbanization and rising middle-income preferences—stands at roughly 540,000 metric tons, 
while domestic supply remains restricted to approximately 161,000 metric tons.3 This 
discrepancy forces a heavy reliance on imported frozen fish, which not only drains foreign 
exchange reserves but also exposes local populations to global supply chain volatility and 
food safety concerns.1 

Traditional capture fisheries, historically the backbone of the region's aquatic protein supply, 
have reached a state of terminal decline or ecological stagnation. In Lake Victoria and the 
Indian Ocean coastal waters, overfishing, pollution, and the cascading effects of climate 
change have led to diminishing returns per unit of effort.1 The Intergovernmental Panel on 
Climate Change (IPCC) indicates that marine animal biomass is likely to decline significantly 
under high-emission scenarios, further destabilizing the livelihoods of artisanal fishers who 
catch or raise minimal quantities for local markets.1 Against this backdrop, aquaculture is no 
longer a peripheral agricultural activity but a primary pillar of the "Blue Economy" strategy 
required to achieve regional food sovereignty.1 

However, the transition to aquaculture in Sub-Saharan Africa has been hindered for decades 
by structural inefficiencies. Conventional earthen pond systems, which dominate the current 
landscape, are plagued by high water consumption, vulnerability to drought and floods, and 



low stocking densities that fail to achieve commercial scale.6 The "drylands syndrome"—a 
combination of biophysical and socioeconomic factors—marginalizes rural populations, 
making it difficult for them to adopt modern technologies without significant external 
support.9 To address these systemic barriers, the emergence of "Autonomous Protein 
Infrastructure" represents a fundamental paradigm shift. By integrating Recirculating 
Aquaculture Systems (RAS) with advanced Artificial Intelligence (AI) and decentralized energy 
solutions, organizations like AquaLabs are creating a blueprint for high-density, biosecure, 
and resource-efficient fish production that can operate independently of fragile national 
infrastructure.10 

Comparative Metrics of Aquatic Food Systems in Sub-Saharan Africa 
 

Metric Traditional 
Earthen Ponds 

Cage Culture 
(Lake-Based) 

Autonomous 
Precision RAS 

Water Efficiency Low (90% loss to 
evaporation/seepag
e) 

N/A (Open water) High (95–99% 
recycling) 11 

Stocking Density 5–10 fish/  7 50–100 fish/  12 150–200+ fish/  
7 

Feed Conversion 
Ratio (FCR) 

1.8 – 2.5 1.5 – 1.9 12 1.1 – 1.3 10 

Growth Cycle (to 
500g) 

8 – 10 Months 15 6 – 8 Months 4 – 6 Months 15 

Biosecurity Low 
(Predators/Pathoge
ns) 

Moderate 
(Water-borne 
disease) 

High 
(Closed-loop/Quar
antined) 11 

Land Requirement High (  for 
300kg) 7 

Low (Water-based) Minimal 
(Modular/Urban 
viable) 17 

Climate Resilience Vulnerable to 
floods/droughts 

Vulnerable to temp 
shifts 

Fully resilient 
(Indoor/Controlled) 
11 



Technical Framework of AI-Driven Recirculating 
Aquaculture Systems 
The fundamental objective of a Recirculating Aquaculture System (RAS) is to decouple aquatic 
production from the limitations of the natural environment by creating a closed-loop, 
engineered ecosystem.11 In an autonomous configuration, the system must perform 
continuous mechanical and biological filtration, gas exchange, and environmental monitoring 
with minimal human intervention. This transformation of the "fish as a technical 
subcomponent" within a hybrid machine requires a deep understanding of the physiological 
needs of the species and the chemical dynamics of water treatment.18 

The Nitrogen Cycle and Biofiltration Kinetics 
In intensive systems, the primary biological constraint is the accumulation of total ammonia 
nitrogen (TAN), which is excreted by fish as a byproduct of protein digestion. In a high-density 
environment, TAN levels can quickly reach toxic thresholds, necessitating a robust biofiltration 
process. The nitrification process within an autonomous RAS relies on the colonization of 
specialized media by Nitrosomonas and Nitrobacter bacteria, which convert toxic ammonia 
into relatively harmless nitrate.19 This two-stage aerobic process can be represented by the 
following chemical reactions: 

 

 
The efficiency of this conversion is sensitive to parameters such as temperature, pH, and 
dissolved oxygen (DO). Autonomous systems utilize AI-driven sensors to monitor these 
variables and predict potential "biofilter crashes"—sudden failures of the bacterial 
colony—using time-series forecasting models like Long Short-Term Memory (LSTM) 
networks.21 By anticipating fluctuations in ammonia and nitrite before they reach critical levels, 
the system can automatically adjust water flow rates or activate supplemental aeration.10 

Gas Exchange, Aeration, and Dissolved Oxygen Dynamics 
Dissolved oxygen is the most critical life-support parameter in a RAS. As stocking densities 
increase, the biological oxygen demand (BOD) rises exponentially. Standard aeration 
techniques, such as surface splashing or simple bubblers, are often insufficient for 
high-density operations.25 Precision RAS employs advanced gas exchange technologies, 
including venturi injectors and oxygen cones, which facilitate the supersaturation of oxygen 



into the water stream.25 

The oxygen requirements for Oreochromis niloticus (Nile Tilapia), the primary species 
targeted for SSA production, must be maintained consistently above 5 mg/L to ensure optimal 
growth and metabolic health.27 Deviation from these ranges leads to reduced feed intake and 
immunosuppression, making the stock vulnerable to pathogens like the Tilapia Lake Virus 
(TiLV).1 Autonomous control loops, implemented on edge devices like the ESP32, manage 
aeration pumps and localized heaters to stabilize these conditions regardless of external 
ambient temperature fluctuations.24 

Water Quality Standards for Intensive Tilapia Cultivation 
 

Parameter Recommended Range Biological Significance 

Dissolved Oxygen (DO)  mg/L 27 Essential for respiration 
and growth 

Temperature  15 Controls metabolic rate and 
feed intake 

pH  27 Affects ammonia toxicity 
and bacterial health 

Total Ammonia Nitrogen  mg/L 27 High levels cause gill 
damage and death 

Nitrite ( )  mg/L 27 Causes 
methemoglobinemia 
(Brown Blood Disease) 

Nitrate ( )  mg/L Generally safe; removed via 
water exchange or plants 

Carbon Dioxide ( )  mg/L High levels cause 
hypercapnia and reduce pH 

Artificial Intelligence Integration: From Monitoring to 
Autonomy 



The true innovation of the AquaLabs model lies in the transition from simple automation to full 
AI-driven autonomy. While traditional automation follows rigid, pre-programmed rules, AI 
systems leverage real-time data to make probabilistic decisions, optimizing the production 
environment for maximum efficiency.23 This "Precision Aquaculture" approach utilizes 
computer vision, deep learning, and IoT sensor fusion to address the most significant cost 
drivers in the industry: feed waste and fish health management.10 

Computer Vision for Real-Time Biomass Estimation 
One of the most labor-intensive and stressful tasks in aquaculture is manual weighing and 
measuring to determine biomass. This is critical for calculating accurate feed portions. 
Precision RAS replaces manual handling with non-invasive computer vision systems.21 By 
utilizing high-resolution underwater cameras and models like YOLOv8 (You Only Look Once), 
the system can detect and segment individual fish within a crowded tank.31 

The biomass estimation workflow involves several sophisticated AI tasks: 

1.​ Keypoint Detection: The model identifies specific anatomical points, such as the mouth, 
back, belly, and peduncle (base of the tail).31 

2.​ Stereo Vision and Depth Estimation: Using binocular cameras or Global-Local Path 
Networks (GLPN), the system calculates the distance of the fish from the lens. This 
allows for the conversion of pixel-based measurements into real-world millimeters using 
the Euclidean distance formula.31 

3.​ Biometric Weight Estimation: The calculated length ( ) is then processed through a 
species-specific regression model:​

​

where  is the weight, and  and  are coefficients derived from extensive historical 
datasets.31 

Studies have shown that these AI-based methods can estimate fish weight with a relative 
error of less than 6%, significantly outperforming traditional catch-and-weigh techniques 
while eliminating the risk of physical injury to the stock.21 

Behavioral Analysis and Feed Optimization 
Feed typically represents 40% to 70% of total operational expenses in Sub-Saharan African 
aquaculture.1 Inefficiencies in feeding—such as overfeeding, which pollutes the water, or 
underfeeding, which stunts growth—are the primary causes of financial failure for small-scale 
farms.21 AquaLabs' feed optimization models utilize Vision Language Models (VLMs) and 



optical flow analysis to interpret the "feeding frenzy" behavior of tilapia.34 

Tilapia are surface feeders, and their activity levels at the water's surface provide a clear 
indicator of satiety. The AI system monitors the surface for specific behavioral signatures: 

●​ Intensity of Surface Breaks: Real-time tracking of movement patterns. 
●​ Satiety Detection: As the rate of movement decreases, the system identifies the "satiety 

point" and automatically deactivates the automated feeders.34 

●​ Waste Reduction: This precision approach has been shown to reduce feed waste by 
28% and improve the Feed Conversion Ratio (FCR), leading to savings of up to $1,800 
over a six-month cycle in commercial-scale trials.34 

Predictive Disease Monitoring and Welfare Analysis 
AI-driven systems also play a crucial role in biosecurity and animal welfare. By analyzing 
swimming patterns and appearance (e.g., discoloration or lesions), AI models can detect early 
signs of stress or illness before a mass mortality event occurs.21 For instance, predictive 
systems using IBM Watson technology in salmon farms have achieved 92% accuracy in 
forecasting disease outbreaks.23 In the SSA context, where veterinary services are often 
inaccessible, these "early warning systems" provide a vital layer of protection for high-value 
stock.1 

Furthermore, research into acoustic signatures has shown that certain 
frequencies—specifically near 400 Hz—can trigger avoidance behavior in fish. AI-managed 
systems can configure the acoustic profile of pumps and sensors to minimize environmental 
stress, thereby improving growth rates and overall immune health.36 

Edge Computing and IoT: Infrastructure for Remote 
Environments 
A critical challenge for smart aquaculture in Sub-Saharan Africa is the "phygital divide"—the 
gap between digital innovation and physical infrastructure.37 Reliable internet connectivity is 
often absent in the coastal and inland areas where fish farming is most productive. To 
overcome this, AquaLabs utilizes "Edge Computing," where data processing occurs locally on 
the farm rather than in a centralized cloud.37 

The Edge-AI Node Architecture 
An autonomous aquaculture facility like the Starpool Base 1 functions as a network of "Edge 
Nodes." Each node is equipped with its own sensors, microcontrollers, and localized AI 
models. This architecture ensures that critical life-support functions—such as oxygen 
regulation—continue to operate even during a total network blackout.24 



The technical stack of an Edge Node includes: 

●​ Low-Power Microcontrollers: Devices like the ESP32 are used for real-time sensor 
polling and actuation.24 

●​ Localized Inference: Lightweight machine learning models, such as Random Forest 
Regressors (RFR), are deployed on-device to predict water quality trends with accuracies 
exceeding 80%.24 

●​ Asynchronous Cloud Sync: High-resolution images and telemetry data are uploaded to 
a remote server only when connectivity is available, where they are used to further refine 
the global feeding and growth algorithms.35 

This decentralized approach not only improves system reliability but also significantly reduces 
the energy and bandwidth costs associated with constant cloud communication.38 

Fail-Safe Control Loops and Autonomous Regulation 
In an intensive RAS environment, the margin for error is razor-thin. A power failure that stops 
aeration can result in the loss of millions of shillings worth of stock in under 30 minutes.15 
AquaLabs' infrastructure incorporates "Fail-Safe Control Loops" that provide a hierarchical 
response to environmental stressors.23 

1.​ Level 1 (Reactive): Instantaneous response to sensor triggers (e.g., turning on a backup 
aerator if DO drops below 4 mg/L).28 

2.​ Level 2 (Predictive): Analyzing historical trends to anticipate a drop in water quality 
based on feeding cycles or weather patterns.21 

3.​ Level 3 (Autonomous Maintenance): Future iterations involve autonomous swarm 
robots for tank cleaning and structural inspection, reducing the need for hazardous 
manual diving.23 

Energy Autonomy: Solar-PV and the Decoupling from 
the Grid 
The high energy requirement of recirculating systems—estimated at 15–20 kWh per kilogram 
of fish—poses a significant barrier in nations with high electricity costs or unreliable grids.19 In 
Kenya and Nigeria, diesel-powered generators have traditionally been the only reliable 
backup, but their high operational cost and environmental impact make them unsuitable for 
sustainable, long-term food systems.4 

Sizing and Integration of Solar-PV Microgrids 
Solar-powered aquaculture offers a pathway to total energy independence. By leveraging the 
abundant sunlight of the equatorial region, RAS facilities can power pumps, aerators, and AI 
monitoring systems with zero fuel cost.41 



A standard autonomous aquaculture unit requires a carefully sized PV-Battery microgrid: 

●​ Energy Demand Assessment: Small-scale facilities typically require 5–20 kW for basic 
operations.41 

●​ Storage Requirements: To ensure 24/7 stability, solar arrays must be paired with 
industrial-grade battery banks (often Lithium-ion or advanced lead-acid). For example, a 
14.3 kWp PV system paired with a 30 kWh Li-battery has been successfully used to power 
a modular tilapia hatchery in Kisumu.8 

●​ Optimization of Tilt and Placement: For maximum efficiency in equatorial latitudes 

(latitudes lower than ), solar panels should be installed at an optimum tilt angle 

approximately equal to .43 

Comparative Energy Logistics for Sub-Saharan Aquaculture 

Energy 
Source 

Initial CAPEX Operational 
OPEX 

Reliability Environmenta
l Impact 

National Grid Low Moderate/High 
(Fluctuating) 

Low (Frequent 
Blackouts) 

Variable 

Petrol/Diesel 
Generator 

Moderate Very High (Fuel 
+ 
Maintenance) 

Moderate High 
(Emissions/Noi
se) 

Solar-PV 
(AquaLabs 
Model) 

High Very Low (Zero 
Fuel) 

High (with 
Storage) 

Minimal 
(Sustainable) 

Case studies in Thailand and Kenya demonstrate that transitioning to solar can reduce total 
energy costs by 50% to 70% and increase fish yields through more consistent water 
circulation and oxygenation.41 The Starpool Base 1 facility is designed to be 100% 
solar-powered, reflecting AquaLabs' commitment to "Autonomous Protein Infrastructure".10 

Economic Transformation and Business Model 
Innovation 
The transition from subsistence-based pond farming to high-tech RAS requires more than just 
technical innovation; it necessitates a reimagining of agricultural finance and market 
integration.37 The "high investment threshold" of RAS has historically limited its adoption to 
large-scale commercial players.46 To democratize this technology for the 50,000 small-scale 



fish farmers in Kenya, AquaLabs is leveraging "Farming-as-a-Service" (FaaS) and 
"Pay-As-You-Go" (PAYG) models.4 

The Farming-as-a-Service (FaaS) Paradigm 
The FaaS model allows smallholder farmers to access high-value infrastructure without the 
burden of upfront ownership costs. In this system, AquaLabs acts as a technology and input 
provider, while the farmer manages the local node. 

●​ Hub-and-Spoke Networks: A central "Nucleus Farm" (the Hub) provides high-quality 
fingerlings, optimized feed, and AI-driven advisory services to several decentralized 
satellite farms (the Spokes).13 

●​ Productivity Gains: By adopting this modular approach, small-scale farmers in Nyeri 
County have seen their yields skyrocket from 420 kg per harvest in traditional ponds to 
1,800 kg using affordable RAS technology—a 4x increase in productivity in the same 
footprint.4 

●​ Risk Mitigation: The centralized AI system monitors all satellite tanks, providing real-time 
alerts and reducing the risk of crop failure for the individual farmer.23 

Innovative Financing: Pay-As-You-Go and Credit Guarantees 
Access to credit remains the single largest barrier to aquaculture growth in Africa, with 
commercial banks extending only 3% of their loan portfolios to the agricultural sector.49 PAYG 
models, which have revolutionized solar home systems in Kenya, are now being applied to 
agricultural assets.48 

●​ Asset-Backed Lending: Farmers can acquire solar pumps, automated feeders, or IoT 
sensor kits with a small down payment, followed by installments paid via mobile money.48 

●​ Digital Credit History: The data collected by the AI monitoring system (e.g., growth 
rates, water quality stability) serves as a "digital collateral," allowing farmers to build a 
credit profile and access lower-interest loans.50 

●​ Subsidy Management: Policy frameworks are increasingly focusing on "revolving funds" 
and credit guarantee schemes, where development partners subsidize interest rates to 
encourage private sector lending into the "Blue Economy".52 

Economic Potential of GIFT Tilapia in SSA Clusters 
 

Variable Potential Impact 
(Nigerian Model) 

Potential Impact (Kenyan 
Model) 

Additional Production 720,000 tonnes 2 300,000+ tonnes 



Estimated Farmgate Value USD 1.4 Billion 2 USD 600 Million 

New Job Creation 650,000 (Direct/Indirect) 2 150,000+ 

Households Benefited 3.25 Million 2 1.1 Million 

Fingerling Demand 1.5 Billion annually 2 500 Million annually 

Regional Case Analysis: Kenya’s Strategic Transition 
The Kenyan aquaculture sector is currently undergoing a radical transformation, moving from 
a period of "donor-driven" subsistence projects toward a market-oriented, high-tech 
industry.45 

Kiambu County: The Urban Aquaculture Frontier 
Kiambu County, bordering the Nairobi metropolis, represents the ideal environment for the 
deployment of autonomous protein infrastructure. With limited land available for livestock and 
a high concentration of urban consumers, the demand for fresh, biosecure fish is at a 
premium.55 

●​ Targeting the Middle Class: Farms like Victory Farms (operating in Lake Victoria but 
serving urban centers) and local Kiambu producers are targeting middle-class consumers 
who seek affordable, high-quality protein.1 

●​ Infrastructure Investment: The Kiambu County Integrated Development Plan (CIDP) 
2023–2027 has prioritized aquaculture, with millions of shillings allocated for the Kenya 
Aquaculture Business Development Project (KABDP). While fund absorption has faced 
delays, the commitment to building hatcheries and processing hubs is clear.57 

●​ Smallholder Success: Organizations like Peggy Farm have successfully managed tilapia 
and crayfish operations with minimal mortality, demonstrating that strict biosecurity 
protocols and detailed record-keeping can compensate for a lack of large-scale capital.55 

Nyeri and Machakos: The RAS Pilot Hubs 
Nyeri and Machakos counties have served as the proving grounds for the Affordable RAS 
(A-RAS) and Aquahub models. 

●​ Kamuthanga Fish Farm: Located in a dry area of Machakos, Kamuthanga utilizes RAS to 
produce 200 tonnes of fish annually, while also acting as a "Nucleus Farm" providing 
fingerlings and training to satellite farmers in the region.13 

●​ A-RAS Pilots: In Nyeri, the introduction of A-RAS technology—utilizing local materials like 
timber and dam liners alongside sophisticated solar pumps—has enabled farmers to 
stock 4,500 fingerlings in the same space that previously held only 1,200.4 



●​ Cycle Acceleration: The controlled greenhouse environment maintains optimal water 
temperatures, reducing the maturation time for tilapia from 9 months to just 4–6 months. 
This allows farmers to harvest twice a year, effectively doubling their annual income.15 

Environmental Stewardship and Circular Economy 
Synergies 
The AquaLabs model is built on the principles of "Blue Transformation"—increasing the 
efficiency of aquatic food systems while minimizing their ecological footprint.59 Autonomous 
RAS is inherently a circular technology, reclaiming water and nutrients that would be lost in 
traditional farming. 

Integrated Multi-Trophic Aquaculture (IMTA) and Nutrient Re-use 
In a circular aquaculture system, the waste products from one species become the nutrients 
for another. 

●​ Wastewater Irrigation: The nutrient-rich water from fish tanks is used to irrigate 
high-value horticultural crops (tomatoes, leafy greens) in integrated greenhouses.44 

●​ Aquaponics: By combining RAS with hydroponics, farmers can achieve a 90% reduction 
in water consumption compared to traditional agriculture. The beneficial bacteria in the 
system convert fish waste into a form of nitrogen that plants use to grow, effectively 
purifying the water for its return to the fish tanks.20 

●​ Waste-to-Feed with Black Soldier Fly (BSF): Decentralized BSF units (e.g., the MAGIC³ 
technology) can convert organic waste from urban markets into high-protein insect meal, 
which serves as a sustainable alternative to fishmeal in tilapia diets.47 

Biosecurity and Ecosystem Protection 
By moving fish production into land-based, closed-loop systems, the AquaLabs model 
eliminates many of the environmental risks associated with traditional aquaculture: 

●​ Prevention of Escapes: Unlike cage culture, land-based RAS eliminates the risk of 
farmed fish escaping into natural waterways and disrupting local genetic diversity.20 

●​ Pollution Discharge: Conventional flow-through systems release uneaten feed and 
medications into natural rivers. RAS treats all waste within the facility, ensuring that no 
pollutants reach the local ecosystem.11 

●​ Reduced Antibiotic Use: The high level of environmental control and biosecurity in an 
autonomous RAS minimizes the stress on fish, significantly reducing the incidence of 
disease and the need for chemical treatments or antibiotics.11 

Strategic Roadmap for Starpool Base 1 and Beyond 
The AquaLabs strategic vision, anchored by the development of the Starpool Base 1 facility, 



outlines a path toward a fully autonomous, data-driven aquaculture sector in Sub-Saharan 
Africa.10 

Phase 1: Technological Foundation (2025 – 2026) 
●​ Facility Construction: Deployment of a 50-tank, solar-powered infrastructure in a key 

peri-urban hub (e.g., Kiambu County). 
●​ AI Integration: Implementation of the full-stack computer vision system for biomass 

estimation and behavior-based feeding. 
●​ Edge Mesh Network: Establishing the localized IoT infrastructure to ensure off-grid 

resilience and real-time autonomous control loops. 

Phase 2: Operational Optimization (2026 – 2027) 
●​ FCR Minimization: Using every tank as a "data point" to refine the protein conversion 

models, aiming for a consistent FCR of 1.1 for Oreochromis niloticus. 
●​ Predictive Analytics Deployment: Full integration of water quality forecasting and 

early-warning disease detection. 
●​ Hub-and-Spoke Pilot: Launching the first satellite farm network, providing FaaS support 

to local smallholders and validating the economic viability of the decentralized model. 

Phase 3: Regional Scaling and Sovereign Data Systems (2028 – 2032) 
●​ Continental Expansion: Scaling the autonomous infrastructure model to high-potential 

markets in Nigeria, Uganda, and Ethiopia, aligning with the "Digital Agriculture 
Roadmaps" of these nations.2 

●​ AI-RAN and Advanced Connectivity: Leveraging next-generation mobile networks to 
support a continent-wide network of autonomous protein nodes. 

●​ Sovereign Agri-Data Ecosystem: Transitioning from data scarcity to a robust, regional 
dataset that informs policy, breeding programs, and market logistics across Sub-Saharan 
Africa.37 

Synthesis: The Future of Autonomous Food 
Sovereignty 
The analysis of the current aquaculture landscape in Sub-Saharan Africa confirms that 
traditional methods are insufficient to meet the looming nutritional demands of the 
twenty-first century. The integration of Precision RAS and AI represents the only viable 
pathway to achieve high-density, climate-resilient, and economically sustainable protein 
production.1 

The "Autonomous Protein Infrastructure" model proposed by AquaLabs addresses the core 
failures of the previous decades: 



1.​ Infrastructure Decoupling: By utilizing solar energy and Edge-AI, the system operates 
independently of unreliable national utilities.10 

2.​ Operational Efficiency: AI-driven feed optimization and biomass tracking eliminate the 
human errors and labor costs that have historically rendered small-scale RAS unviable.10 

3.​ Financial Inclusivity: New business models like FaaS and PAYG provide a clear path for 
smallholder farmers to transition into the commercial Blue Economy.4 

As Sub-Saharan Africa embarks on this "Blue Transformation," the role of pioneering 
corporations like AquaLabs will be crucial. By building a resilient, data-driven food system, the 
region can move from a state of dependency on global imports toward a future of 
autonomous nutritional sovereignty, ensuring that high-quality aquatic protein is accessible, 
affordable, and sustainable for all.37 
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