ESA UNCLASSIFIED – Releasable to Public 
Appendix 5 to
ESA CfP/5-50204/26/LN/AL/sc

  ​[image: ]
ESA UNCLASSIFIED – Releasable to Public
Appendix 5 to
ESA CfP/5-50204/26/LN/AL/sc

[image: ]









USE-CASES – SPACE FOR SUSTAINABLE INDUSTRY AND DIGITAL BUSINESS TRANSFORMATION


















Prepared by 		ESA
Reference		ESA-CICA-SOW-2025-2838
Issue/Revision	1.0
Date of Issue           04/03/2025
Status                      Final



Table of Contents

1. Introduction	4
2. Use Cases	4
2.1 The Coca-Cola Company (TCCC)	4
2.1.1 Use-case #1: Enhancing Water Risk Intelligence for the Coca-Cola System in the Rio Grande Basin	4
2.1.2 Use-case #2: Near Real-Time Satellite Imagery Capability	9
2.2 Galp	10
2.2.1 Use-case #1: Soiling Intelligence	10
2.2.2 Use-case #2: Curtailment Forecasting	10
2.2.3 Use-case #3: Digital Twins	11
2.2.4 Use-case #4: Hybrid Asset Optimization	11
2.2.5 Use-case #5: Predictive Maintenance	11
2.3 Tomorrowland/Love Tomorrow	12
2.3.1 Use-case #1: Water Resilience and Environmental Stewardship	12
2.3.2 Use-case #2: Sustainable Mobility, Logistics and Supply-Chain Intelligence	12
2.3.3 Use-case #3: Autonomous Sustainability Intelligence	13
2.3.4 Use-case #4: Digital Twin of a Temporary City	13
2.3.5 Use-case #5: Extended Reality and Immersive Event Experiences	14
2.4 Procter & Gamble	14
2.4.1 Use-case #1: Longitudinal Consumer Experience Intelligence	14
2.4.2 Use-case #2: Bio-Concentration and Resource-Efficient Recovery of Actives	17



[bookmark: _Toc240133372] Introduction

This document outlines the challenges to be addressed under the Space for Sustainable Industry and Digital Business Transformation Contest.
The challenges presented have been developed through collaboration between the European Space Agency (ESA) and the participating Challenge Owners: Galp, The Coca-Cola Company, The Procter & Gamble Company, and Love Tomorrow.
The Contest aims to foster the development and validation of innovative services that leverage space assets and technologies to address real-world business and operational challenges. Through the implementation of Proof of Concept (PoC) studies, participants will have the opportunity to demonstrate the technical feasibility, user relevance and commercial potential of their proposed solutions.

[bookmark: _Toc240133373]Use Cases
The European Space Agency (ESA) and the participating Challenge Owners have identified a number of challenge areas where space-enabled solutions may provide significant benefits. Potential bidders responding to this Contest are invited to select one challenge and submit a proposal describing how their proposed service and Proof of Concept would address the identified need.
The challenges are intended to provide operational context and validation opportunities for the proposed activities. Applicants shall base their proposals on the information provided in this document and are not expected to obtain additional information from the Challenge Owners during the bidding period.

[bookmark: _Toc240133374]2.1 The Coca-Cola Company (TCCC)
[bookmark: _Toc240133375]2.1.1 Use-case #1: Enhancing Water Risk Intelligence for the Coca-Cola System in the Rio Grande Basin

Background
The Rio Grande Basin is one of the most water-stressed and strategically important watersheds for the Coca-Cola system. The basin supports Coca-Cola operations, local communities, and ecosystems across both the United States and Mexico. Increasing pressures from drought, climate change, groundwater depletion, land-use change, and growing water demand are creating significant risks for long-term water security.
To support its water stewardship strategy, the Coca-Cola system requires more granular, forward-looking, and continuously updated basin intelligence to better understand water-related risks, identify emerging hotspots, prioritize collective action opportunities, and guide investments in watershed resilience.
While a wide range of hydrological and climate datasets exists, there remains an opportunity to leverage Earth Observation, AI, and predictive analytics to create a more comprehensive understanding of basin conditions and future water security risks relevant to Coca-Cola operations and agricultural value chains.
Challenge Statement
Develop an Earth Observation-enabled solution that improves basin risk assessment for the Rio Grande Basin and provides actionable intelligence for the Coca-Cola system.
The solution should integrate satellite observations, climate data, hydrological information, agricultural indicators, and socioeconomic datasets to assess water-related risks to:
· Coca-Cola manufacturing facilities
· Communities within priority watersheds
· Ecosystems that support long-term water security
The solution should help answer three key questions:
1. Where are the greatest water security risks today?
2. How are these risks expected to evolve through 2030 and 2050?
3. Where should the Coca-Cola system prioritize collective action and water resilience investments?

The Task
Participants are invited to develop a scalable platform, methodology, or digital decision-support tool capable of the following:
1. Assess Current Basin Conditions
Create a basin-wide assessment of current watershed conditions using Earth Observation data and other relevant datasets.
Key indicators may include:
· Surface water availability
· Reservoir and river conditions
· Groundwater stress indicators
· Drought severity and frequency
· Water quality proxies
· Land-use and land-cover change
· Ecosystem and watershed health
· Agricultural water demand
· Crop conditions and irrigation intensity
· Climate hazards and extreme events
Outputs should be available at basin and sub-basin levels relevant to Coca-Cola operations and sourcing regions.
Transboundary Risk Assessment: Given the Rio Grande's importance as a shared basin between the United States and Mexico, the assessment should evaluate how treaty obligations, water allocation agreements, regulatory changes, and geopolitical dynamics may influence future water availability, water security, and business resilience across the basin.

2. Quantify Coca-Cola Water-Related Risk
Develop a framework that translates environmental data into business-relevant water risk indicators.
Potential risk dimensions include:
Operational Risk
· Risks to manufacturing facilities from water scarcity, drought, flooding, or deteriorating source-water conditions.
Community Risk
· Areas where increasing water stress may affect local communities and shared water resources.
Ecosystem Risk
· Degradation of rivers, wetlands, recharge zones, and natural infrastructure important for watershed function.
The solution should identify priority hotspots requiring increased monitoring or intervention.
3. Forecast Future Water Security Scenarios
Develop predictive capabilities to assess how basin conditions may evolve under different scenarios.
Scenarios may include:
· Climate change projections
· Multi-year drought conditions
· Population growth
· Agricultural expansion
· Changes in irrigation practices
· Groundwater depletion trends
The solution should provide future risk assessments for:
· 2030
· 2040
· 2050
and identify emerging hotspots before risks become critical.
4. Identify Opportunities for Collective Action
One of the primary objectives is to support Coca-Cola's watershed stewardship efforts by identifying locations where collective action can generate meaningful basin-scale impact.
The solution should help prioritize opportunities such as:
· Watershed restoration
· Nature-based solutions
· Groundwater recharge projects
· Agricultural water-efficiency programs
· Wetland restoration
· Riparian habitat protection
· Water loss reduction initiatives
· Multi-stakeholder watershed partnerships
Where possible, the solution should estimate the expected water-security benefits of potential interventions.
5. Support Decision-Making and Investment Prioritization
The final solution should enable Coca-Cola teams to:
· Compare risk across sub-basins
· Track changes over time
· Prioritize watersheds for engagement
· Direct replenishment investments to areas of highest need
· Measure basin resilience outcomes
· Support water stewardship planning and reporting
Desired Outputs
Participants should deliver:
· A Rio Grande Basin Water Risk Intelligence Framework
· Interactive basin and sub-basin risk maps
· Coca-Cola-relevant risk hotspot identification
· Future scenario analyses (2030-2050)
· Prioritized intervention opportunities
· Recommendations for an operational monitoring platform using Earth Observation and AI
Technologies of Interest
Solutions may leverage:
· ESA and Copernicus Sentinel missions
· Satellite-derived hydrological datasets
· Climate and weather observations
· Remote sensing for water, agriculture, and ecosystem monitoring
· Artificial Intelligence and Machine Learning
· Geospatial analytics
· Digital twin technologies
· Near real-time monitoring platforms

Expected Impact
The solution should help the Coca-Cola system move from periodic watershed assessments to a dynamic, predictive, and decision-oriented approach to water stewardship in the Rio Grande Basin. By integrating Earth Observation and advanced analytics, the project should enable better risk management, more strategic collective action, and more effective investment in long-term water security and basin resilience.


[bookmark: _Toc240133376]2.1.2 Use-case #2: Near Real-Time Satellite Imagery Capability

The Coca-Cola Company is seeking access to real-time or near real-time commercial satellite imagery and associated analytical capabilities to support the global security and business risk management programs of a multinational company with operations, facilities, personnel, suppliers, and supply-chain dependencies across multiple countries.
The objective is to provide our security and risk teams with timely, independent situational awareness of events that could affect employee safety, facility security, business continuity, supply chains, transportation routes, and critical infrastructure. The capability should complement existing intelligence, travel security, weather, and geopolitical monitoring programs.
We are particularly interested in solutions capable of providing:
· Rapid collection and delivery of imagery following a significant event, ideally within minutes to several hours where satellite coverage permits.
· Global coverage, including locations where reliable ground-based information may be limited.
· Sufficient resolution to assess facilities, roads, ports, airports, surrounding areas, and significant changes in activity.
· Ability to designate and monitor specific areas of interest, including manufacturing plants, offices, warehouses, distribution centres, key suppliers, transportation corridors, ports, and other critical infrastructure.
· Automated change detection, alerts, or analytical products where available.
· Both current imagery and access to historical imagery for comparison and trend analysis.
· Secure web-based access and, where available, API/system integration capabilities.
Application:
Civil unrest and political instability: Assess road blockages, large gatherings, disruptions near company facilities, border crossings, airports, or transportation corridors when reliable local reporting is unavailable.
Natural disasters: Rapidly assess the impact of hurricanes, floods, earthquakes, wildfires, or other events on facilities, surrounding communities, roads, ports, utilities, and critical suppliers.
Facility and personnel security: Provide situational awareness around facilities during elevated threat periods, including changes in access routes, nearby activity, physical damage, or other external conditions that could affect personnel or operations.
Supply-chain disruption: Evaluate conditions at ports, logistics hubs, rail corridors, highways, supplier locations, and other critical nodes following a disruption or emerging crisis.
Business continuity and recovery: Determine the apparent physical condition and accessibility of company or supplier facilities following an incident and support prioritization of response, recovery, and alternative sourcing decisions.
Geopolitical and regional risk: Monitor observable developments affecting strategically important locations where political, military, or security conditions may create potential operational exposure.
Our "challenge" is to determine how commercial satellite imagery can be incorporated into a broader global security and enterprise risk management framework to improve early warning, incident assessment, executive decision-making, and operational resilience.

[bookmark: _Toc240133377]2.2 Galp
[bookmark: _Toc240133378]2.2.1 Use-case #1: Soiling Intelligence

Soiling (the accumulation of dust and particles on photovoltaic panels) is a relevant operational and economic challenge for Galp's solar assets, particularly in the Iberian Peninsula, where recurrent Saharan dust transport episodes reduce output by both scattering incoming radiation and depositing particles on the modules. The challenge is to develop intelligent models combining satellite observations, weather forecasts, rainfall events and operational asset data to predict soiling accumulation and quantify its impact on production. Economic factors, such as energy prices and the value of recovered generation, should also be considered to support data-driven decisions on when and where cleaning activities create the highest value.
Note: Space-based Earth observation - The Copernicus Atmosphere Monitoring Service (CAMS) already provides operational forecasts of atmospheric dust load — including the Saharan dust transport that most affects the Iberian Peninsula — which could be combined with local weather (notably rainfall-driven natural cleaning) and asset-level generation data to move from atmospheric forecasts toward an actionable prediction of soiling-related production loss at the plant level.

[bookmark: _Toc240133379]2.2.2 Use-case #2: Curtailment Forecasting

Grid curtailment risk has become a growing constraint for renewable operators as increasing renewable penetration places pressure on network infrastructure. The challenge is to build predictive and probabilistic models capable of assessing where and when curtailment is likely to occur, supporting operational decisions such as battery dispatch, generation management and market participation. In addition, longer-term forecasting capabilities are of interest to assess how curtailment risk may evolve at the grid nodes where Galp operates, supporting strategic decisions related to budgeting, repowering, hybridization, storage deployment and future project development.
[bookmark: _Toc240133380]2.2.3 Use-case #3: Digital Twins

Develop operational digital twins and advanced loss analytics models capable of creating a detailed digital representation of renewable assets and benchmarking different approaches for performance assessment. Key areas of interest include soiling losses, reactive power management, temperature deratings, turbine wake and turbulence effects, DC-side health, inverter clipping and other operational performance drivers. The objective is to improve loss attribution, performance monitoring and operational decision-making across the portfolio.

[bookmark: _Toc240133381]2.2.4 Use-case #4: Hybrid Asset Optimization

As renewable generation becomes increasingly integrated with storage assets, there is a growing need for advanced forecasting and optimization tools capable of maximizing asset value across multiple energy markets. The challenge is to develop models that support participation in intraday, continuous, secondary reserve, tertiary reserve and congestion management mechanisms, optimizing dispatch strategies and enhancing the economic performance of hybrid renewable and battery assets.

[bookmark: _Toc240133382]2.2.5 Use-case #5: Predictive Maintenance

Apply artificial intelligence and machine-learning techniques to operational data streams, including SCADA measurements, alarms and equipment monitoring signals, to predict failures and degradation before they occur. Potential applications include solar inverters, battery systems and wind turbines. The objective is to enable proactive maintenance, reduce downtime, improve asset reliability and optimize maintenance planning across Galp's renewable fleet.





[bookmark: _Toc240133383]2.3 Tomorrowland/Love Tomorrow
[bookmark: _Toc240133384]2.3.1 Use-case #1: Water Resilience and Environmental Stewardship
[bookmark: _Hlk196731578]Problem  Large temporary event sites create significant and fluctuating demands on local water systems, while current monitoring focuses mainly on site consumption rather than catchment health, drought risk, wastewater impacts and biodiversity. 
Goal  Manage the event’s wider water and environmental impact by linking abstraction, storage, reuse and discharge with the condition of the surrounding catchment, and by enabling cooperation with local authorities and utilities beyond the event period. 
Role of space  Earth observation can support catchment, drought, land-use, vegetation and biodiversity monitoring; satellite communications can connect dispersed sensors; and GNSS can geolocate assets, observations and interventions. 
Solutions may include: 
· Catchment and drought forecasting linked to event demand 
· Water-quality, wastewater and environmental-impact monitoring 
· Biodiversity and habitat monitoring around the site 
· Shared data services for the festival, municipality, province, water authority and other local stakeholders 
[bookmark: _Toc240133385]2.3.2 Use-case #2: Sustainable Mobility, Logistics and Supply-Chain Intelligence
Problem  The movement of visitors, temporary infrastructure, supplies and equipment is planned using fragmented datasets. The travel patterns of many visitors remain unknown, while the location, condition, timing and environmental cost of logistics are difficult to assess consistently. 
Goal  Create an integrated view of visitor mobility and supply-chain operations to improve planning, traceability, transport efficiency and sustainability, while enabling measurable interventions that influence travel and logistics decisions. 
Role of space  GNSS can provide positioning and movement data; Earth observation can add land-use, access, traffic-context and environmental information; and satellite communications can maintain connectivity for mobile or remote assets. 
Solutions may include: 
· Visitor travel analysis and sustainable transport interventions 
· Tracking of modular infrastructure, vehicles and high-value equipment 
· Supply-chain traceability for food, fashion, construction materials and festival equipment 
· Scenario modelling for future mobility, autonomous vehicles or drone logistics 

[bookmark: _Toc240133386]2.3.3 Use-case #3: Autonomous Sustainability Intelligence
Problem  Core sustainability indicators are assembled manually from separate sources, often after the event. This limits real-time decision-making, independent verification and the ability to communicate progress meaningfully to operational teams, partners and visitors. 
Goal  Develop a continuously updated sustainability-intelligence capability that automates data collection, calculates auditable indicators and turns operational data into timely, actionable information. 
Role of space  Earth observation can provide environmental context and change detection; GNSS can locate assets and activities; and satellite communications can integrate field data where terrestrial connectivity is limited or temporary. 
Solutions may include: 
· Automated carbon, energy, water, mobility and waste indicators 
· Campsite waste or litter detection and operational alerts 
· Recomputable dashboards with transparent data provenance 
· Audience-facing sustainability metrics and engagement tools 

[bookmark: _Toc240133387]2.3.4 Use-case #4: Digital Twin of a Temporary City

Problem  A temporary city is assembled and dismantled within a short period, but weather, crowds, heat stress, power, water, mobility and other operational systems are planned in separate tools. Their interactions are therefore difficult to test before deployment or analyse consistently afterwards. 
Goal  Build a unified predictive environment that allows relevant systems and scenarios to be modelled before the first truck arrives, supports decisions during the event lifecycle and improves planning for future editions. 
Role of space  Earth observation can provide terrain, land-use, environmental and weather-related inputs; GNSS can support precise mapping and asset positioning; and satellite communications can connect temporary infrastructure and field sensors. 
Solutions may include: 
· Integrated modelling of crowds, heat, power, water, mobility and site infrastructure 
· Pre-event scenario testing and operational-risk assessment 
· Comparison of planned and actual performance across festival editions 
· Data integration with regional stakeholders where relevant 

[bookmark: _Toc240133388]2.3.5 Use-case #5: Extended Reality and Immersive Event Experiences

Problem  Live events are seeking scalable XR experiences that can connect physical and digital environments, but current solutions may be difficult to deploy across large temporary sites, integrate with production workflows or deliver consistently to large audiences. 
Goal  Develop and demonstrate an XR-enabled event or brand-activation concept that enhances audience engagement and can be integrated into live-event operations and media workflows. 
Role of space  Satellite communications and hybrid connectivity can support resilient distribution; GNSS can enable location-aware experiences; and Earth observation-derived context may enrich site, environmental or destination-based content where relevant. 
Solutions may include: 
· XR experiences for live events, performances or interactive installations 
· Immersive brand or sustainability activations 
· Location-aware or site-aware audience experiences 
· Integration with digital twins, volumetric content or virtual-production workflows 

[bookmark: _Toc240133389]2.4 Procter & Gamble
[bookmark: _Toc240133390]2.4.1 Use-case #1: Longitudinal Consumer Experience Intelligence
Challenge focus: Privacy-compliant, low-burden, longitudinal understanding of real consumer experience in everyday household routines
[bookmark: _Toc240133391]Background
Now, more than ever, a superior product is about delivering a delightful proposition across the end-to-end usage experience, from purchase to packaging to product. Technology has raised the bar higher and value must be experienced, not claimed. As such, consumer product companies need tools to quantify how people experience products in real life, over time, and in context. Future growth depends on creating products that consumers repeatedly choose because they deliver unmistakable superiority in real-life use. This necessitates a shift from traditional episodic research methods such as surveys, which often rely on consumer recall, self-reporting, and artificial research settings, to more continuous and contextual methodologies. 
The subtle yet critical experiences that determine whether a product feels meaningfully superior, creates repeat usage, builds trust, and supports premium value are often missed by current methodologies, as they small, short-lived, habitual, and difficult for consumers to articulate after the fact.
In Fabric and Home Care, many of the most important drivers of superiority occur during everyday moments of truth inside the consumer’s home. These include confidence after wearing clothes, emotional reassurance, perceptions of freshness, routines surrounding laundry, coping behaviors, frustrations, delight moments, and purchasing decisions that consumers often cannot fully articulate.
Current methodologies provide snapshots of consumer opinions, but may miss the continuous behavioral, emotional, and contextual signals that shape long-term satisfaction and loyalty. The opportunity is to move from asking to measuring intermittent snapshots to continuous learning, and from isolated observations to connected intelligence.
[bookmark: _Toc240133392]Why This Matters Beyond Earth
Long-duration space missions face a comparable challenge: human experience, wellbeing, cognitive performance, stress, and behavioral change must be understood continuously, unobtrusively, and reliably in environments where traditional questionnaires are insufficient.
· Limited ability to rely on frequent self-reporting
· Need for passive and low-burden monitoring
· High importance of longitudinal behavioral change
· Contextual interpretation of weak or noisy signals
· Strong privacy, trust, and consent requirements
The same fundamental question connects space exploration and consumer understanding: how can meaningful changes in human experience be detected over time with minimal burden, high trust, and sufficient signal quality to support better decisions?
[bookmark: _Toc240133393]Challenge Statement
Longitudinal Consumer Experience Intelligence for Everyday Life
We are seeking breakthrough technologies capable of continuously, unobtrusively, and privacy-compliantly understanding consumer experience, emotional responses, satisfaction, frustration, confidence, trust, repeat-use drivers, and emerging unmet needs during everyday household routines over extended periods.
Solutions should help reduce reliance on recall-based research and active survey burden while improving the ability to detect meaningful signals in low signal-to-noise environments. The goal is to identify what truly makes products superior in real life, what drives repeat choice and trust, and which moments create lasting consumer value.
[bookmark: _Toc240133394]Areas of Interest
We are not looking for conventional or standard survey platforms. We are interested in disruptive approaches inspired by human performance monitoring, remote wellbeing assessment, digital biomarkers, behavioral analytics, artificial intelligence, context-aware computing, passive sensing, and space-enabled monitoring systems.
Passive and Low-Burden Sensing
Technologies that can capture real-world behavioral, contextual, or experience-related signals with minimal participant effort and without disrupting normal household routines.
Digital Biomarkers and Human State Inference
Approaches that infer changes in confidence, stress, satisfaction, fatigue, reassurance, frustration, or wellbeing from consented behavioral, physiological, voice, language, or contextual signals.
Longitudinal Behavioral Analytics
AI-enabled approaches that identify patterns, changes, anomalies, and weak signals over weeks or months, and connect them to consumer routines, product experiences, and emerging unmet needs.
Privacy-Compliant Experience Platforms
Solutions that embed consent, transparency, data minimization, security, and participant trust by design, enabling responsible use in consumer homes and future scalable research settings.
Space-Inspired Monitoring and Closed-Loop Learning
Technologies developed for astronaut monitoring, remote health assessment, mission support, environmental sensing, or constrained-resource operations may offer valuable approaches for understanding consumers longitudinally in real-world environments.
[bookmark: _Toc240133395]Desired Outcomes
A successful solution could enable:
· More objective understanding of real consumer experience over time
· Earlier detection of emerging needs, friction points, and dissatisfaction
· Better identification of moments that create delight, confidence, reassurance, trust
· Improved learning from low signal-to-noise household routines
· Reduced reliance on active survey burden and retrospective recall
· A scalable platform for longitudinal insight generation across categories and operating units
For space applications, related approaches could support:
· Continuous astronaut wellbeing and performance monitoring
· Low-burden detection of behavioral or cognitive changes
· Remote mission support and adaptive interventions
· Improved human-system understanding in constrained environments
[bookmark: _Toc240133396]Strategic Relevance
This challenge addresses one of the most important bottlenecks in consumer understanding: not only how to ask consumers better questions, but how to responsibly measure real experience as it unfolds in daily life.
For P&G, this could help shift consumer research from episodic snapshots toward continuous, in-context learning, supporting the ambition to create products that consumers repeatedly choose because they experience them as genuinely better in their own home. Fabric and Home Care can provide a concrete first use case, while the underlying capability could scale to other categories where product experience is habitual, emotional, contextual, and difficult to capture through conventional research alone.
Challenge ambition: Identify breakthrough solutions that make it possible to detect weak but meaningful consumer experience signals over time, with minimal participant burden and strong trust, so that innovation investment can be directed toward solutions consumers genuinely experience as better.

[bookmark: _Toc240133397]2.4.2 Use-case #2: Bio-Concentration and Resource-Efficient Recovery of Actives
Challenge focus: Low-energy recovery of valuable water-soluble molecules from dilute aqueous streams
[bookmark: _Toc240133398]Background
Consumer product companies are increasingly exploring bio-based production routes for surfactants, polymers, fragrances, functional actives, specialty lipids, and biotechnology-derived molecules.
Fermentation and other biological manufacturing routes can reduce dependence on fossil-based feedstocks, but they introduce a major downstream challenge: target molecules are often produced at low concentrations in large volumes of water. 
Highly water-soluble molecules are especially difficult to isolate and concentrate without significant energy input, cost, and process complexity.
Current recovery approaches often rely on:
· Distillation and evaporation
· Solvent extraction
· Chromatography
· Membrane systems
These approaches can be expensive, energy intensive, difficult to scale, or unsuitable for sensitive molecules that degrade under processing conditions.
As a result, downstream purification is often one of the largest contributors to cost, energy consumption, and carbon footprint within bio-manufacturing processes.
[bookmark: _Toc240133399]Why This Matters Beyond Earth
The same challenge of separation is highly relevant to future space missions. Long-duration missions will require local production, recovery, purification, and recycling of critical materials in environments where energy, water, consumables, maintenance, and waste handling are tightly constrained.
· Limited energy availability
· Closed-loop water systems
· Minimal waste generation
· High resource-efficiency requirements
· Limited replacement parts and consumables
Whether producing nutrients, pharmaceuticals, biomaterials, or functional chemicals, space systems will require breakthrough approaches to selectively capture, concentrate, purify, and recycle valuable molecules from aqueous systems using minimal energy.
The challenge facing consumer goods manufacturing and future space habitation therefore converges around the same fundamental question:
Core question: How can valuable dissolved molecules be recovered from water with dramatically less energy, cost, and waste?
[bookmark: _Toc240133400]Challenge Statement
Low-Energy Concentration and Recovery of Water-Soluble Bio-Based Molecules
We are seeking breakthrough technologies capable of selectively capturing, concentrating, separating, and recovering valuable water-soluble molecules from dilute aqueous streams while minimizing:
· Energy consumption
· Water usage
· Capital intensity
· Consumables
· Waste generation
Solutions should be suitable for current bio-manufacturing and future resource-constrained environments.
[bookmark: _Toc240133401]Areas of Interest
We are not looking for incremental improvements to conventional separation systems. We are interested in disruptive approaches inspired by biology, advanced materials, electrochemical systems, and extreme-environment engineering.
[bookmark: _Toc240133402]Smart Selective Absorbents
Materials that selectively bind target molecules, reject water, release captured molecules with minimal energy input, and remain stable over many operating cycles.
[bookmark: _Toc240133403]Switchable Capture Systems
Materials or systems that change affinity in response to temperature, pressure, light, electric fields, magnetic fields, or pH, enabling selective uptake and low-energy release.
[bookmark: _Toc240133404]Biomimetic Systems
Nature routinely concentrates molecules from dilute environments through mechanisms such as cell membranes, ion channels, aquaporins, and protein binding systems. We are interested in approaches that translate these principles into scalable recovery technologies.
[bookmark: _Toc240133405]Responsive Hydrogels and Superabsorbers
Novel materials capable of removing water, capturing target molecules, and releasing concentrated product on demand with very limited energy requirements.
[bookmark: _Toc240133406]Advanced Electrochemical Approaches
Use of electric fields, electro-osmosis, electrodialysis, capacitive systems, or related approaches to concentrate target molecules without relying on thermal evaporation.
[bookmark: _Toc240133407]Space-Inspired Recovery and Closed-Loop Technologies
Technologies developed for water recovery, life-support systems, in-situ resource utilization, closed-loop manufacturing, or environmental control systems may offer valuable routes to terrestrial applications.
[bookmark: _Toc240133408]Desired Outcomes
A successful solution could enable:
· Lower-cost bio-based ingredients
· Reduced manufacturing carbon footprint
· Reduced water usage
· Greater feedstock flexibility
· Access to previously uneconomic molecules
· Increased resilience of future supply chains
For space applications, the same technologies could support:
· Closed-loop resource recovery
· Sustainable habitation systems
· Local production and purification of critical materials
· Reduced mission resupply requirements
[bookmark: _Toc240133409]Strategic Relevance
This challenge addresses one of the most important bottlenecks in bio-based chemistry: not how to make bio-based molecules, but how to recover them economically and responsibly.
The industry has made major advances in biotechnology and fermentation. The next breakthrough may not come from making better molecules, but from making recovery dramatically more efficient.
A step-change in low-energy concentration technology could unlock entirely new classes of ingredients that are currently too expensive, too dilute, or too difficult to commercialize.
For P&G, this could fundamentally improve affordability and scalability of future surfactants, polymers, fragrances, and performance actives while creating strategic advantage in the transition away from fossil-derived ingredients.
Challenge ambition: Identify technologies that can do for molecule recovery what renewable energy did for electricity: reduce resource intensity by an order of magnitude and unlock a new sustainable manufacturing paradigm.
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