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Executive Summary

Flooding is the most widespread and costly climate hazard in the world, and the problem is
becoming more severe. An estimated 1.47 billion people currently live in areas exposed to
significant flood risk, and that number is expected to grow sharply in the decades ahead. Under
business-as-usual climate scenarios, 191 million people each year could be exposed to riverine
flooding by 2050, while land currently home to roughly 300 million people may fall below
projected annual coastal flood levels by mid-century. In many places, events once considered
“100-year floods” are already happening much more often, driven by stronger precipitation, rising
sea levels, and continued urban development in flood-prone areas.

Water infrastructure sits at the center of this challenge. Floods damage pumps, pipes, treatment
facilities, and control systems. They interrupt drinking water, wastewater treatment, and
stormwater management, while also exposing communities to contaminated water, displacement,
and major economic losses. At the same time, water infrastructure is also a critical part of the
solution. The same sector that is highly vulnerable to flooding is also one of the most important
levers for reducing flood impacts through stronger assets, smarter operations, and better decision-
making tools.

This project was completed for Azolla Ventures, an early-stage climate venture fund whose Fund
IT aims to make adaptation and resilience focused investments. Although Azolla had identified
water infrastructure and climate resilience broadly as promising areas of interest, it needed a
structured framework to identify the right hazard lens and turn that broad interest into an actionable
investment starting point. This report provides that framework through four core outputs: a focused
hazard lens centered on flooding; a definition and map of the water infrastructure solution
landscape; a five-bucket ontology that organizes that landscape by function; and a screening
system for distinguishing stronger from weaker early-stage venture opportunities.

The methodology was iterative and combined client problem framing, hazard-based scoping,
literature review, solution mapping, and validation through conversations with experts and
investors. Flooding was selected as the primary hazard lens because of its scale, trajectory, and the
direct ways in which it damages pumping stations, treatment facilities, distribution systems, and
control infrastructure while disrupting the water, wastewater, and drainage services those assets
provide. The solution landscape was defined to include built, digital, green/blue, and enabling
water infrastructure and was organized into five functional buckets: Bucket A (Manage
Floodwater), Bucket B (Defend and Adapt Assets), Bucket C (Service Continuity), Bucket D
(Sense, Forecast, and Operate), and Bucket E (Planning, Finance, and Risk Transfer).

A central finding of this analysis is that not every solution that matters for flood resilience fits the
economics of early-stage venture capital. To address that, the report applies a four-part screening
framework based on outcome materiality, attribution proximity, implementation plausibility, and
investability. Each solution category is then assigned a priority tag: P1 (prioritize), P2 (secondary),
or P3 (watch).
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The strongest opportunities are concentrated in Buckets C and D. Five solution categories received
P1 status: wet-weather flow and overflow control; flood and network forecasting analytics;
operational control platforms; critical equipment protection; and decentralized treatment and
supply. These categories share a common profile. They address direct and measurable flood-
related problems, respond to repeatable buyer needs, can be developed as scalable products rather
than one-off projects, and operate in parts of the market where regulation or operational urgency
creates demand.

Bucket E, which includes planning, finance, and risk-transfer tools, requires selectivity. The key
distinction is whether a tool actually changes a decision or simply adds information. Platforms that
influence capital allocation or operational behavior may be compelling; dashboards that inform
without prompting action are less attractive from a venture perspective.

The report concludes by recommending that Azolla use the ontology and screening system as an
active diligence framework. In practice, that means using the five-bucket structure to organize deal
flow, applying the P1/P2/P3 tags to focus attention, and evaluating prospective investments against
the four screening criteria. The next step is to move from landscape mapping to company-level
analysis within the highest-priority categories.

.
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Glossary of Terms

Term
AAL
CSO/SSO
EAD
EAR

VC / Early-Stage VC

MEM
NBS / NbS
oT

P1/P2/P3

Pluvial flooding

Fluvial flooding
SCADA

SIDS

Venture fit

WRI
IPCC
UNDRR
IWA
ASCE
OECD

Definition

Average Annual Loss — a risk metric integrating expected damages across return

periods

Combined/Sanitary Sewer Overflow — discharge of untreated sewage during wet
weather

Expected Annual Damage — probability-weighted average annual flood loss
Expected Annual Residents (affected) — a flood exposure metric

Venture Capital / funding for early-stage startups (typically pre-revenue to Series B)
Master of Environmental Management

Nature-Based Solutions — ecosystem-based approaches to infrastructure challenges

Operational Technology — hardware/software that controls physical systems (e.g.,
pumps, valves)

Priority tags: P1 = Prioritize; P2 = Secondary; P3 = Watch

Surface flooding caused by rainfall overwhelming local drainage, independent of
rivers

Flooding caused by rivers or streams overflowing their banks

Supervisory Control and Data Acquisition — control systems that monitor/operate
infrastructure assets

Small Island Developing States

The degree to which a solution can support a scalable, repeatable startup business
model

World Resources Institute

Intergovernmental Panel on Climate Change
United Nations Office for Disaster Risk Reduction
International Water Association

American Society of Civil Engineers

Organisation for Economic Co-operation and Development

Sujay Dhanagare | Nicholas School of the Environment, Duke University | April 2026 5



1. Introduction

Flooding has emerged as the defining climate hazard of the early twenty-first century. It is the
most frequent, most widespread, and most economically costly natural hazard (UNDRR, 2020),
and the trend is worsening. More intense rainfall, rising sea levels, rapid urban growth in
floodplains, and aging infrastructure are combining to create a risk profile that is growing faster
than adaptation investment. At the same time, climate investors are increasingly looking for
structured entry points where private capital can support scalable businesses while also addressing
urgent, measurable resilience needs.

This report presents the findings and recommendations of a Master’s Project completed for Azolla
Ventures, an early-stage climate venture fund, in partial fulfillment of the requirements for the
Master of Environmental Management degree at Duke University’s Nicholas School of the
Environment. The project was designed to answer a practical question: within the broad adaptation
and resilience landscape, where should an early-stage climate investor begin when evaluating
water infrastructure and flood resilience?

1.1 The Flooding Problem

Current flood exposure is already large and growing. The World Bank’s People in Harm’s Way
study estimates that about 1.47 billion people, or roughly 19 percent of the global population, live
in areas exposed to significant 1-in-100-year flood risk. Of that total, about 587 million people live
on less than USD 5.50 per day, highlighting the close connection between flood risk and poverty.

The outlook is even more concerning. The Aqueduct Floods platform projects that, under a
business-as-usual climate scenario, 191 million people each year could face riverine flood risk by
2050. Separate work by Kulp and Strauss suggests that, by mid-century, land currently home to
roughly 300 million people may fall below projected annual coastal flood levels in the absence of
major new protective infrastructure. Hirabayashi and colleagues further project that in many parts
of Asia, Africa, and South America, events historically classified as 100-year floods could occur
every five to twenty years by the end of the century.

The economic consequences are already substantial. In the United States alone, flooding caused
more than USD 75 billion in damages in 2021 (NOAA NCEI, 2022). When Hurricane Ida hit New
Orleans that same year, more than 600,000 people lost water service (Reuters, 2021). That event
illustrated how quickly flood impacts can cascade through the systems communities rely on every
day. Looking ahead, expected annual flood damages are projected to rise sharply, especially in
Asia and Africa, where rapid urbanization is concentrating people and assets in highly exposed
areas (Ward et al., 2020).

1.2 The Client: Azolla Ventures

Azolla Ventures is an early-stage climate venture fund that invests in sectors often overlooked by
conventional investors. Its first fund was structured as a blended vehicle that combined catalytic
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and market-rate capital to support high-risk, high-impact opportunities in climate. The firm’s
second fund, Fund II, aims to make adaptation and resilience focused investments, reflecting the
view that solutions helping communities and systems withstand already-locked-in climate impacts
remain underfunded despite growing need.

Azolla recognized water infrastructure and climate resilience broadly as promising areas of
interest, but the broader adaptation landscape is too expansive to act on without a clear structure.
It spans multiple climate hazards from drought and heat to flooding and wildfire across many
sectors, geographies, and solution types. Before committing to a specific investment focus, the
firm needed a practical way to narrow the field. This project provides that starting point by offering
a hazard lens, a map of the solution space, an organizing framework, and a screening system for
evaluating opportunities.

1.3 Research Objectives

This project was designed to move from a broad landscape question to an actionable investor
framework for early-stage climate adaptation investing in water infrastructure. The first objective
was to identify the most appropriate hazard lens and to explain why flooding, rather than another
adaptation theme, should serve as the entry point. That required demonstrating not only the scale
and trajectory of flood risk, but also the direct, measurable, and decision-relevant ways flooding
affects water systems.

The second objective was to define the relevant landscape of water infrastructure solutions.
Because “water infrastructure” is often used to describe only conventional built assets, the project
aimed to clarify the broader set of built, digital, natural, and enabling systems that shape flood
outcomes in and around human settlements.

The third objective was to organize that solution space into a coherent ontology. Rather than
grouping solutions by geography, asset class, or technology layer, the goal was to classify them
by their primary function in the system.

The fourth objective was to build a screening system capable of distinguishing stronger from
weaker venture opportunities within that landscape. To do so, the project applied a four-criterion
framework based on outcome materiality, attribution proximity, implementation plausibility, and
investability. Together, these objectives produce a practical entry framework Azolla can use to
focus diligence, evaluate deal flow, and compare opportunities in water infrastructure and flood
resilience.
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2. Flood Hazard, Infrastructure Vulnerability, and Investment
Context

This section situates the project within the existing literature on flood risk, water infrastructure
resilience, and climate adaptation investment. It reviews the flood hazard types most relevant to
water infrastructure, summarizes current evidence on exposure and projected risk, explains how
flooding damages water systems and communities, and outlines why water infrastructure is a
useful entry point for early-stage climate investment.

2.1 Flood Hazard Types

Flooding is not a single phenomenon. For this thesis, it is defined as the overflow of water beyond
the normal confines of rivers, streams, or other water bodies, or the accumulation of water on land
not normally submerged. Within that broad definition, six hazard types are especially relevant to
the design, operation, and resilience of water infrastructure.

2.1.1 Fluvial (Riverine) Flooding

Fluvial flooding occurs when rivers, streams, or other watercourses overflow their banks and
inundate adjacent floodplains. It is the dominant flood hazard type in terms of the number of people
affected globally, and it is the hazard type most commonly measured in global risk assessments.
For water infrastructure, fluvial flooding is the central concern for intake and outfall structures,
pump stations, wastewater treatment plants, and the wide range of embankments, levees, and
culverts that protect water assets in river corridors. Aqueduct Floods models project that riverine
flood risk will increase substantially in many regions, with affected populations rising from current

estimates to 191 million per year by mid-century under high-emissions scenarios (Ward et al.,
2020).

2.1.2 Pluvial / Urban Surface-Water Flooding

Pluvial flooding is caused by intense local rainfall that overwhelms the capacity of drainage
systems, independent of any river overtopping. In urban settings, this manifests as ponding in
streets, basements, and low-lying areas when stormwater and combined sewer systems cannot
discharge fast enough. The extent of pluvial flooding is governed by rainfall intensity, the
proportion of impervious surfaces in a catchment, and the design and condition of the drainage
network. This hazard type is of particular importance for stormwater infrastructure, combined
sewer systems, and decentralized detention and retention solutions. As urban heat islands intensify
extreme precipitation and impervious cover expands, pluvial flooding is expected to become more
frequent and severe in dense urban environments (IPCC AR6 WGI, 2021).

2.1.3 Coastal and Tidal Flooding

Coastal flooding occurs when sea levels exceed adjacent land elevations or overtop coastal
defenses, driven by high tides, storm surges, waves, and long-term sea-level rise. It is especially
dangerous as a compound event, when storm surge coincides with high tide and heavy rainfall.
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Sea-level rise is increasing the frequency and severity of coastal floods, turning events that were
once rare into regular occurrences. Kulp and Strauss (2019) find that by 2050, land currently home
to around 300 million people may lie below projected annual coastal flood levels under high-
emissions scenarios. For water infrastructure, coastal flooding creates specific challenges for
drainage outfalls, coastal pump stations, desalination plants, and treatment facilities in low-lying
coastal zones.

2.1.4 Flash Flooding

Flash floods are rapid-onset events with high peak discharges, typically occurring within a few
hours of intense local rainfall or sudden catchment inflows. They are common in steep terrain and
small urban catchments, where travel times are short and standard early warning systems provide
limited lead time. For water infrastructure, flash floods drive design requirements for culverts, road
crossings, small detention structures, and local early-warning systems. Their rapid development
makes them difficult to manage through traditional civil-works approaches, creating a stronger
role for real-time monitoring and forecasting tools.

2.1.5 Groundwater Flooding

Groundwater flooding occurs when the water table rises to or above the ground surface, typically
following prolonged periods of heavy rainfall that exceed the recharge capacity of the unsaturated
zone. It manifests as persistent flooding of basements, tunnels, and below-ground structures, and
tends to last longer than surface flood events. For water infrastructure, groundwater flooding is
relevant for buried pipe networks, sewer manholes, underground pump stations, and utility
corridors. It is also a significant contributor to infiltration into combined sewer systems, increasing
wet-weather flow loads on treatment plants.

2.1.6 Infrastructure-Failure Flooding

Infrastructure-failure flooding refers to inundation triggered by the failure or misoperation of
major water-control structures such as dams, levees, and floodwalls. While the construction and
maintenance of large dams and levees is treated in this thesis as a context rather than a solution
area, the technologies for monitoring, condition assessment, smart operation, and controlled
release of such structures are in scope as water-infrastructure solutions that reduce the risk of
catastrophic failure events.

2.2 Global Flood Exposure and Projected Risk

Flood risk assessments have improved considerably in the past decade because of better elevation
data, more advanced hydrological models, and improved climate projections. Three bodies of
evidence are especially important for this thesis.

First, the World Bank’s People in Harm’s Way analysis provides one of the clearest baseline
estimates of current exposure, finding that about 1.47 billion people face significant risk from
major fluvial, pluvial, or coastal flood events. Exposure is especially concentrated in South and
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East Asia, where large populations live in river basins and coastal lowlands, and many of those at
risk also live in poverty.

Second, the Aqueduct Floods platform combines climate projections, hydrological modeling, and
socioeconomic scenarios to estimate how exposure and losses may evolve over time. Under
business-as-usual pathways, expected annual damages from riverine and coastal flooding rise
sharply by 2050 and 2080 because both the physical hazard and the concentration of people and
assets in exposed areas continue to increase.

Third, analysis using CMIP6 climate models suggests that in many regions of Asia, Africa, and
South America, events historically classified as 1-in-100-year floods may recur every five to
twenty years by the end of the century. This has major implications for infrastructure design
standards, asset life-cycle planning, and the economic case for resilience investment.

2.3 How Flooding Damages Water Infrastructure

Flooding does more than damage physical assets. It disrupts the services those assets provide,
harms the people who depend on them, and creates wider economic losses that often persist well
after the water recedes. This thesis organizes those impacts through a four-pathway harm model.

2.3.1 Asset Damage

The most direct and visible impact of flooding is physical damage to the built components of water
infrastructure. Flooding causes inundation of pumps, mechanical equipment, electrical systems,
and treatment processes; structural damage from hydraulic forces, erosion, scour, and
undermining; material degradation, accelerated corrosion, and seal failures; blockage of
conveyance systems due to sediment, debris, and solids; and failure of enclosures, embankments,
and protective structures. These impacts translate directly into repair costs, replacement
expenditure, and extended downtime. Qiang (2019) finds that between 2.7 and 27 percent of
critical infrastructure facilities in different sectors in the United States are located within
designated 100-year flood zones, and Cushing et al. (2025) identify nearly 5,500 hazardous
facilities, including coastal power plants, sewage treatment plants, and industrial sites, at risk of 1-
in-100-year coastal flooding by 2050.

2.3.2 Service Disruption

Even when physical assets survive inundation, service delivery can be severely disrupted. Flooding
affects the continuity, reliability, and safety of water operations through loss of drinking-water
supply and pressure, wastewater system overflow and loss of treatment capacity, stormwater
conveyance failure leading to extended inundation, power outages that disable pumps, controls,
and treatment systems, loss of communications and operational monitoring, and restricted access
for operators, repair crews, and emergency responders. The Hurricane Ida example is instructive:
more than 600,000 people lost water service not solely because facilities were physically
destroyed, but because the cascade of power, communications, and access failures made normal
operations impossible.
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2.3.3 Impacts on People, Health, and Livelihoods

Flooding produces significant human consequences, often mediated through the failure or
degradation of water services. These include exposure to unsafe or contaminated water, loss of
sanitation and hygiene services, illness and public-health risks from waterborne pathogens and
chemical pollutants, displacement and long-term community disruption, and loss of livelihoods
linked to water-dependent activities or infrastructure. FAO analyses show that agriculture absorbs
a disproportionate share of flood damage in low-income countries, with cumulative agricultural
losses from floods running into the trillions of dollars over recent decades (FAO, 2021).

2.3.4 Systemic and Economic Loss

The fourth pathway encompasses the broader cascading effects of flood events: increased
operational costs and extended downtime; damage to economic activity linked to water-dependent
operations; prolonged recovery timelines due to contamination, access limitations, or
infrastructure failure; and reduced reliability of essential community services. These systemic
effects are often harder to attribute and quantify than direct asset damage, but they can dwarf the
immediate repair costs in terms of total economic impact. This is true for compound events, where
flooding coincides with heat waves, power outages, or supply chain disruptions, which are
projected to become more common as the climate changes.

2.4 Water Infrastructure as an Investment Entry Point

Water infrastructure is a strong entry point for climate adaptation investment because it combines
clear asset types, defined buyers, measurable outcomes, and regulatory drivers. Unlike some
adaptation themes, where value can be hard to observe or monetize, flood impacts on water
infrastructure often show up in concrete operational, financial, and compliance terms which makes
it possible to build businesses around them.

The investment need is large. In the United States alone, ASCE estimates that drinking water,
wastewater, and stormwater systems face more than USD 1 trillion in unmet investment needs in
the coming decades. A significant portion of that gap relates directly to climate resilience: aging
infrastructure was not designed for current flood frequencies, let alone projected future conditions.
Similar underinvestment exists in lower-income settings, though the solutions and capital
structures that work in those markets differ substantially.

The ongoing digital transformation of water operations creates an additional entry point
specifically relevant to flood resilience. Utilities have historically lagged other sectors in adopting
sensors, analytics, and automated control which means that the information and response
capabilities needed to manage flooding effectively are often absent. Closing that gap has direct
and measurable implications for how quickly operators can anticipate and respond to flood events,
making digital water solutions one of the most tractable areas for early-stage investment.
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Finally, regulatory obligations provide demand-side traction. Water utilities face legal and
compliance requirements tied to water quality, overflow frequency, and service continuity
requirements that create durable demand for solutions that reduce risk, even when capital budgets
are constrained.

3. Methodology

The methodology for this project was designed to move iteratively from a broad adaptation
question to a focused investment framework. It combined client problem framing, hazard-based
scoping, literature review, systems mapping, venture filtering, and expert validation. The process
was not strictly linear. Insights from later stages often refined earlier assumptions, and engagement
with Azolla Ventures and outside practitioners continued throughout the project.

3.1 Overview of the Process

The research process can be summarized in seven connected phases: client problem framing,
hazard-based scoping, scope validation with the client, literature and systems review, solution
mapping and venture filtering, expert and investor validation, and final synthesis into the ontology
and screening framework.

3.2 Client Problem Framing

The project began with structured discussions with Azolla Ventures to understand the firm’s
investment thesis, priorities, and view of the adaptation landscape. Azolla's Fund II aims to focus
on adaptation and resilience, but the field was too broad to support actionable diligence without
further scoping. Several candidate themes were considered, including water infrastructure and
flooding, heat resilience, agricultural adaptation, and biodiversity-linked risk. Through a series of
working sessions, water infrastructure emerged as the sector with the clearest combination of scale,
directionality of risk, market structure, and potential for venture-backed solutions. The question of
which specific climate hazard to prioritize within water infrastructure was addressed in the
subsequent scoping phase.

3.3 Hazard-Based Scoping

Within the water resilience landscape, a hazard-based scoping exercise was used to identify the
most relevant primary hazard lens. Expert guidance was central to this process: early conversations
with Dr. Lydia Olander and Victoria Salinas, both of whom have deep experience in climate
adaptation and water systems, pointed toward flooding as the most tractable and measurable entry
point. Their view was that flooding was not only the dominant and fastest-growing climate hazard
for water infrastructure but also the hazard type most directly tied to measurable asset and service
failures making it the most appropriate focus for an investment framework grounded in attributable
outcomes. This guidance was reinforced by the quantitative evidence reviewed during this phase.
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Flooding was ultimately selected because of four factors: the scale of current exposure and
projected growth; the directness with which it damages water-system assets and disrupts services;
the availability of measurable outcome metrics; and the alignment between flood-related solutions
and venture-fundable business models.

The scoping exercise also established the relevant flood typology for the thesis, distinguishing
among fluvial, pluvial, coastal, flash, groundwater, and infrastructure-failure flooding. This
typology shaped the later solution mapping by ensuring that solutions were assessed across the full
range of flood modes rather than only the most visible ones.

3.4 Scope Validation with Client

Before moving into detailed solution mapping, the hazard scoping outputs were reviewed with
Azolla Ventures. This step confirmed that flooding was the right entry point and clarified what the
project would and would not cover. The focus would be on venture-relevant solutions, not on every
infrastructure need or every adaptation intervention.

3.5 Literature and Systems Review

The core research phase involved a structured review of material across three domains: flood risk,
water infrastructure, and venture capital / impact investing. The flood risk review drew on global
exposure assessments, climate projection studies, and infrastructure vulnerability analyses. The
water infrastructure review included ASCE assessments, International Water Association
publications, World Bank guidance, utility materials, regulatory sources, and OECD governance
frameworks. The venture review drew on landscape analyses, impact frameworks, investor
commentary, and practitioner interviews.

In total, the review drew on a range of sources across the three domains, of which twenty-four are
formally cited; additional reports, filings, and practitioner materials were consulted but not
individually cited, with particular emphasis on material published between 2015 and 2024. The
evidence base included both peer-reviewed literature and grey literature such as reports, filings,
case studies, and investor materials, reflecting the fact that many questions about venture fit and
utility adoption are only partially covered in academic work.

A systems-mapping exercise was also conducted in parallel to trace how flood hazards translate
into damage across assets, services, people, and economics. This involved constructing a causal
pathway diagram that mapped each flood hazard type to the specific water infrastructure
components it affects, the service failures those component failures produce, and the downstream
consequences for human welfare and economic activity. That systems view informed the decision
to organize the ontology by function rather than by technology, geography, or asset class.

3.6 Solution Mapping and Venture Filter
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The solution mapping phase identified and categorized a wide range of flood resilience
interventions within water infrastructure. Starting from the four impact pathways, the analysis
worked backward to determine where in the system interventions could prevent, reduce, or absorb
flood harm. Each solution category was then evaluated through a venture-capital filter.

That filter reflected the realities of early-stage VC. Funds invest relatively small amounts up front
in companies that must later generate very large returns, usually through a handful of breakout
outcomes. As a result, investors gravitate toward productized solutions with repeatable sales, clear
and growing markets, and plausible exit paths. Solutions that are highly bespoke, procurement-
heavy, or structurally difficult to scale were treated as weaker venture fits, even if they are
important from a resilience perspective.

3.7 Expert and Investor Validation

The draft ontology and screening judgments were tested through conversations with utility
practitioners, technology vendors, climate risk analysts, and other impact investors active in water
and infrastructure. Eight practitioners were consulted. These semi-structured conversations were
used to validate the bucket definitions, challenge the initial priority assignments, identify gaps,
and assess whether the category-level venture judgments matched real procurement and operating
conditions.

Feedback from this phase led to several refinements, including clearer category boundaries, a
sharper distinction between operational tools and planning tools, and adjustments to selected P1,
P2, and P3 assignments.

3.8 Methodological Limitations

This methodology has several limitations. First, it operates at the level of solution categories rather
than individual companies, so the results should not be read as investment recommendations for
specific firms. Second, the screening judgments are primarily qualitative and rely on synthesis
rather than a formal quantitative scoring model. Third, although the thesis addresses a global
problem, the assessment of venture fit is implicitly weighted toward the United States and Europe,
where data, utility case material, and investor evidence are strongest. Finally, quantitative market
sizing and company-level diligence were outside the project scope and would be necessary before
making investment decisions.
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4. Framework

The framework developed in this project has three connected parts: a definition of the water
infrastructure solution landscape, a venture filter that distinguishes categories by investability, and
a five-bucket ontology organized by primary function. Together, these elements move the analysis
from a broad landscape to a structured tool that can support active investment screening.

4.1 Defining the Water Infrastructure Landscape

For the purposes of this thesis, water infrastructure is defined broadly. It includes the built, natural,
digital, and enabling systems that directly influence the quantity, timing, quality, and routing of
water in and around human settlements and that are operated or financed to provide water,
sanitation, drainage, and flood-management services under changing climate conditions.

Four infrastructure types are distinguished.

4.1.1 Built / Gray Infrastructure

Gray infrastructure refers to conventional engineered assets: treatment plants, pumping stations,
distribution mains and service lines, foul and combined sewers, stormwater drains, detention and
retention basins, levees and embankments, flap valves, and outfall structures. These are the assets
most directly exposed to flood damage, and the asset classes for which physical resilience solutions
are most clearly defined and most easily evaluated.

4.1.2 Digital / Control Infrastructure

Digital infrastructure encompasses sensors, monitoring systems, telemetry, supervisory control
and data acquisition (SCADA) systems, forecasting models, and decision-support tools. This layer
is increasingly central to how water utilities operate, and it represents one of the most significant
gaps between current practice and what technology makes possible. The International Water
Association identifies digital transformation as a priority for water sector resilience, noting that
most utilities remain heavily dependent on manual operations and limited real-time data. Closing
this gap has direct implications for how well utilities can anticipate, respond to, and recover from
flood events.

4.1.3 Green / Blue Infrastructure

Green and blue infrastructure refers to natural and nature-based systems deliberately managed to
perform water management and flood-risk functions. This includes urban green infrastructure such
as rain gardens, bioswales, green roofs, and permeable pavements; landscape-scale nature-based
systems such as restored wetlands, floodplains, and riparian buffers; and coastal nature-based
systems such as mangroves, saltmarshes, and living shorelines. These systems qualify as water
infrastructure in this thesis when they are designed, financed, and managed with an explicit water
and flood-management objective. However, as discussed below, most green/blue solutions at scale
face venture-fit challenges related to diffuse outcomes, fragmented ownership, and site-specific
delivery.
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4.1.4 Enabling Systems

Enabling systems are the institutional and financial tools that shape how decisions and capital flow
in the water sector: risk analytics platforms, asset management tools that incorporate climate risk,
resilience finance products, performance contracting frameworks, and planning tools. These are in
scope for this thesis when they are embodied in specific, scalable, and repeatable products rather
than pure advisory services.

4.2 The Venture Capital Filter

One of the core insights of this project is that resilience importance and venture fit are not the same
thing. A solution can matter greatly for flood resilience and still be a poor fit for early-stage venture
capital.

Early-stage venture funds typically invest modest amounts initially but depend on the possibility
of very large returns from a small number of companies. That model favors businesses with
repeatable products, scalable economics, defensible differentiation, and large addressable markets.
It is much less compatible with highly customized infrastructure delivery, slow public
procurement, or services businesses that grow only by adding labor.

For that reason, large civil works, major levees, dams, mega tunnels, and many landscape-scale
green infrastructure solutions are generally weak fits for venture capital even when they are
important from a public resilience standpoint. The venture filter used in this thesis asks a narrow
but essential question: can a startup build a scalable business around this solution category?

The venture filter used in this thesis asks a simple but essential question: can a startup build a
scalable business around this solution category?

4.3 The Five-Bucket Ontology

The five-bucket ontology organizes the water-infrastructure solution space by primary function,
or what a solution primarily does in the system.

The five buckets are described below. Each bucket is mutually exclusive at the category level:
every solution family is placed in exactly one bucket based on its primary effect.

Five buckets were used because the landscape could be partitioned into a small set of functions
that are analytically distinct enough for investment screening without becoming so aggregated that
materially different solution types are obscured, or so granular that category boundaries become
difficult to maintain consistently across different solution types. Organizing by function was
therefore preferred to technology layer, geography, or water-system domain, since those
alternatives create overlapping categories and make cross-solution comparison less consistent.
When a solution plausibly served more than one function, it was assigned to the bucket
corresponding to its primary effect in the system. As with any ontology, boundary cases involve
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judgment, and this structure is intended to be stable enough for investment analysis rather than
exhaustive or definitive.

4.3.1 Bucket A: Manage Floodwater Volumes and Pathways

Solutions whose primary purpose is to manage the quantity, timing, and routing of floodwater
before it reaches vulnerable assets and people. Categories include active pumping and dewatering,
flow control and backflow management, permeability and infiltration systems, distributed storage
and detention, and conveyance and routing structures. The defining question for Bucket A is: does
this solution primarily change water behavior in the landscape or network before impacts occur?

4.3.2 Bucket B: Defend and Adapt Assets and Sites

Solutions whose primary purpose is to protect specific assets, sites, or facilities from floodwater,
or to make them physically resilient when inundation occurs. Categories include perimeter
defenses around critical facilities, building and internal space protection, critical equipment
protection, and containment and safe access. The defining question for Bucket B is: does this
solution primarily protect a specific site or asset from direct flood damage?

4.3.3 Bucket C: Service Continuity and Emergency Operations

Solutions whose primary purpose is to maintain, reconfigure, or rapidly restore water, wastewater,
and drainage services during and after floods. Categories include reconfigurable networks and
bypass hardware, backup and decentralized treatment and supply, wet-weather flow and overflow
control, and dedicated backup power and mobile response units. The defining question for Bucket
C is: does this solution primarily keep services running or restore them quickly after disruption?

4.3.4 Bucket D: Sense, Forecast, and Operate the System

Solutions whose primary purpose is to improve situational awareness, forecasting, and operational
control of water and flood-management systems. Categories include field monitoring hardware,
data and integration infrastructure, flood and network forecasting analytics, and operational control
and decision platforms. If Buckets A through C are the muscles of a flood-resilient water system,
Bucket D is the nervous system. The defining question for Bucket D is: does this solution primarily
improve the information, foresight, or operational control available to system operators?

4.3.5 Bucket E: Planning, Finance, and Risk-Transfer Enablers

Solutions whose primary purpose is to improve planning, investment, and risk-transfer decisions
related to water-infrastructure flood resilience. Categories include system-level flood and
resilience risk intelligence, asset and capital planning platforms, project structuring and
performance contracting tools, and water-focused resilience finance and insurance products. The
defining question for Bucket E is: does this solution primarily change how capital and effort are
allocated over planning timeframes? A critical distinction from Bucket D is temporal: Bucket D
operates on event and run-time timeframes (hours to days); Bucket E operates on planning and
capital timeframes (years to decades).

Sujay Dhanagare | Nicholas School of the Environment, Duke University | April 2026 17



4.4 Screening Criteria and Priority Tags

To differentiate stronger from weaker venture opportunities, each solution category was assessed
on four dimensions.

4.4.1 Outcome Materiality

Can this solution move meaningful outcomes for people, services, economics, or the environment?
A solution with high outcome materiality is one where a successful deployment demonstrably
reduces flood-related harm: fewer people exposed to unsafe water, fewer service outages, lower
repair costs, and less pollution discharge. A solution with low materiality addresses a real but
marginal aspect of the problem, or addresses a problem for which the alternative approaches are
already adequate.

4.4.2 Attribution Proximity

Is the link between the solution and its impact reasonably direct? Attribution proximity
distinguishes solutions where causation is clear (a wet-weather flow control system directly
reduces the frequency and volume of sewer overflows) from solutions where impact depends on a
long and uncertain chain of intermediary steps (a planning dashboard that may or may not
influence a capital allocation decision that may or may not be implemented in a way that reduces
flood damage). High attribution proximity does not guarantee high impact, but low attribution
proximity makes it very difficult to measure, demonstrate, or claim impact.

4.4.3 Implementation Plausibility

Can this solution work under the real conditions that utilities and municipalities face? While every
innovative solution faces some implementation friction, this criterion exists to distinguish
manageable implementation challenges from structural barriers that a startup cannot reasonably
overcome. The distinction matters because many solutions that are technically sound and
resilience-relevant fail at the deployment stage not because the product does not work, but because
the procurement pathway, institutional context, or coordination requirements are incompatible
with how utilities actually make decisions and spend money.

To apply this criterion consistently, three sub-questions were used. First, does a procurement
pathway currently exist or is one being established? Solutions that can be sold as equipment,
software subscriptions, or service contracts through familiar utility channels score well; solutions
that require entirely new procurement categories, new legislative authority, or multi-agency
agreements score poorly. Second, does the solution fit within the operational and technical
capacity of utility teams? Utilities vary in their technical sophistication, but most share common
constraints: limited IT and OT staff, conservative change management cultures, and reliance on
established vendors for critical systems. Solutions requiring those teams to fundamentally
transform how they operate face a harder deployment environment than solutions that slot into
existing workflows. Third, does the solution require coordination across a manageable number of
institutional actors? Solutions sold directly to a single utility buyer are structurally easier to
deploy than solutions that require alignment across regulators, property owners, multiple utilities,
or municipal agencies with competing interests.
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A solution with high implementation plausibility satisfies all three sub-questions reasonably
well. A solution with one meaningful structural barrier is treated as mixed; two or more
structural barriers move the solution toward a weak rating on this dimension.

4.4.4 Investability

Is there a repeatable solution, a clear buyer, and a scalable path? This criterion applies the venture
filter to the specific solution category, asking whether a startup can build a defensible, scalable
business around it. Solutions with high investability have a clear and growing addressable market,
a product or service that can be sold repeatedly with manageable unit economics, and a plausible
path to exit through strategic acquisition, IPO, or other means within a venture fund’s typical time
horizon.

4.4.5 Priority Tags

Applying these four criteria to each solution category produces three priority levels: P1 (Prioritize),
P2 (Secondary), and P3 (Watch). P1 solutions are strong across nearly all four dimensions: they
move material outcomes through a defensible causal mechanism, they can be implemented under
real utility conditions, and they support a scalable venture business. P2 solutions are meaningful
but have one key constraint, such as a question about attribution, a buyer friction, or a market size
limitation, that warrants attention but does not disqualify the category. P3 solutions matter for
resilience but have structural challenges (diffuse impact, bespoke delivery, limited product
leverage) that make them a weak fit for early-stage venture capital in their current form.

Screening logic to help distinguish between stronger and weaker
solutions

Expected outcomes

People (P) Services (S) Economics ($) Environment (E)
Health harms and unsafe Essential service Repair, recovery, and Flood-linked pollution and
exposure reduced continuity maintained downtime costs avoided overflow harms reduced

Screening criteria

QOutcome materiality Attribution proximity Implementation Investability
Can it move meaningful Is the link to impact plausibility 7 Is there a repeatable solution,
outcomes? reasonably direct? Can it work under real utility clear buyer, and scalable path?

conditions?

Priority output

P1: Prioritize

P3: Watch
Material outcomes, defensible
linkage, scalable wedge

Diffuse impact or hespoke
delivery

Figure 1: Flood Resilience Screening Framework - Outcome Families, Criteria, and Priority Logic
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5. Results and Analysis

This section presents the results of the solution mapping and screening process. Each bucket is
discussed in turn, with attention to both resilience logic and venture fit. The section concludes with
deeper analysis of the five P1 categories.

5.1 Full Ontology Overview

The full ontology maps twenty-three sub-solution categories across the five buckets and assigns
each a priority tag.

Ontology of the investable solution landscape proritize. ([2J) Sacondary
m ‘Watch
Water Infrastructure
Bucket A Bucket B Bucket C Bucket D Bucket E
Manage floodwater Defend & adapt Service continuity Sense, forecast & Planning / finance
assets operate enablers

Pumping & Perimeter defensesm Bypass hardware Field monitoring Risk intelligence
dewatering & software hardware
Flow control & Building protection m Dacartiralized Datafintegration Asset & capital
backflow treatment/supply infrastructure planning
Permeability & o , Wet-weather Forecasting Project structuring
infiltration m Critical equipment flow/overflow analytics tools
Storage & G Containment & m Backup power/ Operational Resilience finance/
detention access mobile response control platforms insurance

Conveyance &
Routing m

Figure 2: Five-Bucket Water Infrastructure Ontology with Venture Screening Priority Tags (P1 = Prioritize, P2 = Secondary, P3
= Watch)

5.2 Bucket A: Manage Floodwater Volumes and Pathways

Bucket A acts directly on the physical behavior of water before flood impacts fully reach
infrastructure and communities. That gives the bucket strong resilience logic, but it also highlights
a recurring tension in this report: some solutions are highly important from a resilience standpoint
while still offering weak venture fit because they are site-specific, dominated by incumbents, or
difficult to productize.

Pumping and active dewatering receive a P2 rating. The causal link to reduced inundation is clear,
and the buyer need is immediate, especially in repeatedly affected locations. However, the pump
manufacturing market is dominated by established players Xylem, Grundfos, KSB that have deep
utility relationships and distribution networks built over decades. A startup cannot easily out-
compete on the core hardware product alone. The category sits below P1 because sustained
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venture-scale differentiation requires a layer beyond the equipment itself: software-driven
optimization, modular deployment systems, or performance-based service contracting. Without
that differentiation, the company is competing on price against incumbents with decades of trust,
which is not a winning venture position.

Flow control and backflow management also receive a P2 rating. Attribution is clearer here than
in most Bucket A categories a properly functioning flap valve or inline flow controller has a direct
and measurable effect on the frequency of backflow and overflow events, which makes the ROI
case easier to make to utility buyers. The gap from P2 to P1 reflects market maturity: most of the
passive mechanical solutions in this category are well-established, and the product whitespace for
startups is relatively narrow. The venture opportunity strengthens for companies that move beyond
passive hardware toward real-time intelligent control pairing flow control hardware with
monitoring and optimization software that can demonstrate measurable overflow reduction over
time.

Permeability and infiltration systems are rated P3. Their system-level value is real reducing
impervious surface and improving infiltration demonstrably reduces runoff volumes in
appropriately sized catchments. The challenge is attribution. A bioswale or permeable pavement
system may reduce flood risk meaningfully, but quantifying exactly how much at the system level,
and attributable specifically to a given product requires complex modeling that depends on rainfall
patterns, soil conditions, surrounding land use, and drainage network configuration. That
complexity makes it very difficult for a startup to demonstrate a clear and repeatable ROI to utility
procurement officers, which is essential for scaling.

Distributed storage and detention are also rated P3. Even when storage products are marketed as
modular, each deployment requires substantial site preparation, permitting, and civil works. The
result is that every sale is effectively a construction project: bespoke, slow, and difficult to replicate
without adding proportionally to project delivery costs and complexity. That model can support a
stable infrastructure business but does not generate the scalable revenue growth a venture fund
requires.

Conveyance and routing are rated P3 for similar structural reasons. Solutions in this category
culverts, channels, flow diversion structures are fundamentally engineering and construction
problems. Each installation is custom-designed for the specific site and drainage network. There
is no productizable wedge here for a startup; the businesses that deliver these solutions are civil
engineering firms, not scalable technology companies.

5.3 Bucket B: Defend and Adapt Assets and Sites

Bucket B differs from Bucket A because it focuses on reducing direct damage at the asset or facility
level rather than reshaping floodwater at system scale. That narrower intervention point often
strengthens attribution it is easier to show that a protected pump station did not flood than to
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attribute reduced inundation across a watershed to a specific upstream intervention. Investability
varies, however, depending on whether a protective measure can be standardized and sold at scale
across many sites.

Perimeter defenses receive a P2 rating. Demand is rising as utilities and municipalities face
repeated flooding of critical facilities, and the buyer need is increasingly concrete. The gap from
P2 to P1 is structural: flood barriers, berms, and temporary or permanent perimeter protection
systems are capital-intensive and installation is site-specific. Each deployment requires a site
assessment, custom configuration, and typically involves civil construction work. That makes the
sales process slow and expensive, and limits the degree to which a startup can achieve the unit
economics required for a venture-scale business. The category would become more attractive if a
company developed truly standardized, rapidly deployable perimeter protection products
essentially off-the-shelf kits installable by utility maintenance crews without civil contractors that
achieve consistent performance across many facility types.

Building and internal space protection is rated P3. The solutions in this category flood-proofing
measures applied to structures, raised electrical panels, sealed penetrations are operationally
important but are delivered across a highly fragmented set of channels: property owners, building
contractors, retrofitters, and equipment vendors all play a role depending on the facility type. No
single buyer type or sales motion can efficiently address the full market, which makes it difficult
for a startup to build a repeatable go-to-market strategy.

Critical equipment protection is the strongest opportunity in Bucket B and earns P1 status. It stands
out because the components most likely to fail during a flood motor control centers, switchgear,
and programmable logic controllers are compact, operationally critical, and often protectable
through relatively standardized retrofit solutions. The key insight driving the P1 rating is the ROI
calculation: avoiding a single extended outage at a pump station typically generates savings far
exceeding the cost of protecting the equipment at multiple stations. That creates a clear,
quantifiable financial case that utility asset managers can take through procurement without
needing to secure major capital budgets. The product can be designed as a catalog of retrofit
solutions elevation frames, sealed enclosures, [P-rated cabinet systems compatible with common
equipment families and installable by utility maintenance crews without specialist contractors.

Containment and safe access receive a P3 rating. These measures are important for safety and
environmental compliance but are typically procured as commodity products through established
supply chains. There is limited differentiation available to a new entrant, and the buyer base is too
fragmented across utility types and facility configurations to support an efficient startup sales
motion.
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5.4 Bucket C: Service Continuity and Emergency Operations

Bucket C stands out because it is centered on maintaining essential service rather than preventing
all physical damage. In practice, that often creates a more urgent and more clearly defined buyer
need: utilities are legally obligated to provide continuous water and wastewater service, and they
are held accountable financially and reputationally when they cannot. That compliance and
operational urgency supports stronger investability across this bucket than in Buckets A or B.

Wet-weather flow and overflow control earn P1 status. The buyer need is measurable, regulation-
backed, and persistent: utilities operating combined sewer systems face permit conditions and
consent decrees that legally require them to reduce the frequency and volume of combined sewer
overflow (CSO) events. These are not discretionary improvement goals they are enforceable
obligations with financial penalties for non-compliance. That regulatory driver creates durable,
budget-backed demand that is not dependent on a utility proactively prioritizing resilience
investment. Traditional approaches to CSO reduction, such as deep tunnel storage and full sewer
separation, are extremely expensive and take years to implement. The venture opportunity lies in
modular, incremental solutions distributed wet-weather storage, high-rate treatment modules, and
real-time flow management that can deliver measurable CSO reduction at a fraction of the cost
and timeline, and that can be designed as standardized products rather than bespoke engineering
projects.

Decentralized treatment and supply also receive P1 status. These solutions become most valuable
precisely when centralized systems fail which is exactly the flood scenario this paper addresses
and that failure scenario creates a strong and attributable outcome story. When a central treatment
plant is inundated, isolated by road flooding, or disabled by a power outage, a pre-positioned
decentralized unit can maintain minimum service levels for the affected population. Attribution is
tight: the unit either maintains service or it does not. The product opportunity is in standardizing
containerized or skid-mounted treatment units for planned resilience deployment, with units pre-
positioned before flood events rather than sourced through emergency procurement afterward.

Reconfigurable networks and bypass hardware are rated P2. The resilience logic is compelling if
a section of pipe or a pump station fails, bypass equipment can reroute flow and maintain service.
The limitation is that the value of bypass hardware depends heavily on whether utilities have the
preparedness, training, and operational protocols to deploy it quickly during an emergency. A
bypass kit that is not pre-positioned, not integrated into emergency response plans, and not
practiced in drills will sit unused when it is actually needed. That reduces near-term priority.

Backup power and mobile response units are also rated P2. Water utilities genuinely need reliable
backup power during flood events, and demand for this capability is growing. The limitation is
competitive: backup generation is a well-established market served by major players Caterpillar,
Cummins, Generac with deep distribution relationships and strong brand credibility. A startup
entering this space needs a water-specific differentiation that justifies a premium and a go-to-
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market motion that competes directly with entrenched incumbents who already have the utility
relationships. They address a real continuity challenge, but much of the market overlaps with

broader generator and backup-energy markets where sustained water-specific differentiation is
harder to defend.

5.5 Bucket D: Sense, Forecast, and Operate the System

Bucket D has a structural advantage in venture terms because many solutions in this bucket rely
on software, analytics, and control rather than highly site-specific construction. The key distinction
here is not simply whether a solution generates information, but whether it changes operator
behavior in time to actually improve flood outcomes. Data and intelligence that does not change
decisions does not reduce damage.

Field monitoring hardware is rated P2. Sensors, flow meters, and level gauges are necessary inputs
to everything else in this bucket without adequate field data, forecasting is unreliable and control
is blind. The venture limitation is commoditization: as more hardware vendors enter the market
and component costs continue to fall, the hardware layer itself faces increasing price pressure. The
companies best positioned to defend value in this space are those that bundle proprietary firmware,
embedded analytics, and seamless data pipelines with their hardware making the full solution
sticky enough that switching costs deter churn. Pure hardware without that software layer will
erode to commodity pricing over time.

Data and integration infrastructure also receive P2. These systems can become deeply embedded
in utility workflows once deployed, which creates strong retention. The path to deployment is the
challenge: utilities have existing SCADA and operations technology systems, many installed more
than a decade ago, and incumbent vendors have entrenched relationships. A startup offering a new
data layer must either displace those incumbents or work alongside them, both of which require
long sales cycles and significant integration investment. The venture case strengthens when data
infrastructure is clearly tied to operational action because value creation in this category depends
not on the data platform itself but on whether utilities actually change how they operate as a result.
A platform that delivers better data without changing decisions does not reduce flood damage or
cut costs; it is only when that data prompts a specific operational response that the product
demonstrates measurable ROI and earns the repeat business and expansion revenue a venture
model requires.

Flood and network forecasting analytics receive P1 status. The core value proposition is converting
raw data weather forecasts, sensor readings, hydraulic model outputs into short-term predictions
that operators can act on before a flood event peaks. Most water utilities currently lack this
capability: their flood responses are reactive, triggered after systems have already begun
surcharging or overflowing, rather than proactive, based on forecasts that provide enough lead
time for pre-emptive action. A startup that can reliably predict which assets and network segments
are about to experience problems and deliver that prediction in actionable form within operator
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workflows creates measurable value in reduced damage, fewer overflows, and faster recovery. The
category becomes especially attractive when forecasts are embedded in operator workflows and
linked to clear response decisions.

Operational control platforms also receive P1 status. These solutions close the loop between
information and action by optimizing pumps, gates, valves, and storage in real time, improving the
performance of existing assets without requiring major new construction. The financial case is
compelling: the cost of a control software platform is typically small relative to the capital cost of
the assets it optimizes, and the value is delivered immediately through better asset utilization,
reduced overflow events, and lower energy consumption. The key risks include three structural
challenges. Integration complexity arises because operational control platforms must interface
with the SCADA and supervisory systems already installed at each utility systems that vary widely
in age, vendor, and protocol, and that were not designed to accept third-party optimization
commands. Liability concerns arise because automated control of pumps, gates, and valves in
safety-critical infrastructure creates legal exposure: if a system-initiated action contributes to a
service failure or an overflow event, the question of who bears responsibility becomes
commercially significant. Procurement and validation complexity reflects the OT security review
processes, staged testing requirements, and institutional approval cycles that utilities require before
allowing automated control in live infrastructure. Despite these risks, the upside remains strong.

5.6 Bucket E: Planning, Finance, and Risk-Transfer Enablers

Bucket E matters strategically, but it generally scores lower on attribution because its impact
depends on whether better information or better financial tools actually change long-term
decisions, and whether those decisions are ultimately implemented in ways that reduce flood
damage. That causal chain is longer and less certain than in Buckets C and D, which is the central
reason most Bucket E solutions fall below P1.

Risk intelligence platforms receive P2 status. The buyer need is increasingly visible: utilities and
municipalities need to understand their flood exposure at the asset and system level to prioritize
capital investment, and many lack the tools to do this systematically. The challenge is that many
early-generation risk platforms have been sold as informational products dashboards that show
exposure without demonstrably changing how utilities plan or invest. A P2 rating reflects genuine
potential alongside a critical uncertainty: the venture case is strongest when a platform can
demonstrate that it changes capital allocation decisions, not merely what decision-makers know.

Asset and capital planning tools are rated P3. The limitation is the length and uncertainty of the
causal chain. For an asset planning tool to reduce flood damage, the following sequence must all
occur: the tool must produce a credible prioritization; that prioritization must be funded through
utility capital planning processes (which are multi-year and politically constrained); the funded
project must be implemented as designed; and the implementation must perform as intended in
actual flood conditions. Each step involves procurement processes, institutional decisions, and
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operational factors entirely outside the software's control. That chain is too long to support strong
venture attribution in the near term.

Project structuring and performance contracting tools are rated P3 because of long deal cycles,
complex multi-party coordination, and challenging outcome measurement.

Resilience finance and insurance products are also rated P3. New insurance and parametric finance
products for water resilience face structural product development challenges: they must build
actuarially credible loss histories, satisfy state insurance regulators, compete with established
reinsurance structures, and demonstrate credible performance linkages between the insured event
and the payout. The product development timeline is incompatible with typical venture fund life
cycles.

The key screening question for any Bucket E opportunity remains: does the tool change a decision,
or does it merely inform one? Platforms that demonstrably trigger capital allocation or operational
action are worth evaluating further. Dashboards that add information without changing how
decisions are made are not.

5.7 P1 Solutions: Deep Dives

Five solution categories receive P1 priority tags across the ontology. This section provides a closer
examination of each, including the specific buyer problem it addresses, the product or service
model that supports a venture thesis, and the key risks or constraints that an investor would need
to evaluate.

5.7.1 Wet-Weather Flow and Overflow Control

The buyer problem is regulatory compliance and operational reliability. Utilities operating
combined sewer systems face permit conditions and consent decrees requiring them to reduce the
frequency and volume of combined sewer overflow (CSO) events. These are not discretionary
improvement goals; they are legal obligations with financial consequences for non-compliance.
Traditional approaches to CSO reduction, such as deep tunnel storage and full sewer separation,
are extremely expensive and take years to implement. The opportunity for a startup lies in offering
modular, incremental solutions that deliver measurable CSO reduction at a fraction of the cost and
timeline of traditional infrastructure.

The product model centers on distributed wet-weather storage, high-rate treatment modules, and
real-time flow management. Each of these can be designed as a standardized product, sized,
configured, and deployed without custom engineering, for a specific type of overflow problem. A
company that can offer a catalog of proven, standardized CSO reduction products with clear
performance guarantees is addressing a buyer problem that is large, persistent, and backed by
regulatory demand.
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The key risks include the complexity of integrating with existing sewer systems, the long
procurement timelines typical of utility capital projects, and the need for operational data
demonstrating performance that builds the sales case. Companies in this space need a credible go-
to-market strategy that begins with demonstration projects and builds toward utility-wide
deployment contracts.

5.7.2 Flood and Network Forecasting Analytics

The buyer problem is operational blindness during wet-weather events. Most water utilities have
limited real-time visibility into how their systems are performing during intense rainfall, and very
limited ability to predict which assets or network segments are about to experience problems. This
means that flood responses are reactive rather than proactive, and that pre-emptive actions such as
pre-drawdown of storage, mobilization of maintenance crews, and early warning to customers are
rarely taken because the information to support them does not exist.

A forecasting analytics platform addresses this by integrating weather forecasts, real-time sensor
data, and hydraulic models to provide operators with short-term predictions of flood risk, surcharge
risk, and overflow risk across their networks. The startup opportunity is in the integration layer:
making the forecast actionable by embedding it in operator workflows, building alert logic that
prompts specific responses to specific predictions, and demonstrating over time that forecast-
informed operations reduce flood impacts.

The key risks include the data dependency of the product (utilities must have adequate sensor
coverage for forecasting to work), the need for hydraulic models that accurately represent system
behavior, and the cultural challenge of embedding data-driven decision-making into utility
operations. Companies in this space need to invest in customer success, working closely with
utilities to build the operational protocols and response playbooks that make the forecast useful.

5.7.3 Operational Control Platforms

The buyer problem is suboptimal asset utilization during flood events. Utilities have significant
existing capacity in their pump stations, storage tanks, gating structures, and treatment facilities.
During a flood, this capacity is often not used optimally because operators lack real-time visibility
and decision support, and because the coordination required to optimize a multi-asset response is
too complex to do manually under time pressure.

An operational control platform addresses this by continuously optimizing the operation of pumps,
gates, valves, and storage in response to real-time conditions and near-term forecasts. This can be
fully automated, with the system executing optimal control actions without human intervention, or
semi-automated, with the system proposing actions and operators approving them. The value
proposition is clear: better use of existing assets without new construction. The financial case is
compelling because the cost of the software is small relative to the capital cost of the assets it
optimizes.
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The key risks include three structural challenges. Integration complexity arises because operational
control platforms must interface with the SCADA and supervisory systems already installed at
each utility systems that vary widely in age, vendor, and protocol, and that were not designed to
accept third-party optimization commands. Liability concerns arise because automated control of
pumps, gates, and valves in safety-critical infrastructure creates legal exposure: if a system-
initiated action contributes to a service failure or an overflow event, the question of who bears
responsibility becomes commercially significant. Procurement and validation complexity reflects
the OT (operational technology) security review processes, staged testing requirements, and
institutional approval cycles that utilities require before allowing automated control in live
infrastructure. Companies in this space typically need a long integration and validation period
before full deployment, which requires patient capital and strong utility partnerships from the
outset.

5.7.4 Critical Equipment Protection

The buyer problem is avoidable outages. When a pump station floods, the most common single
point of failure is not the pump itself. It is the electrical and control equipment: the motor control
center, the switchgear, and the programmable logic controller. These components are expensive to
replace, long to procure, and their failure causes extended outages that may last weeks rather than
days. Yet they are also relatively compact and could, in principle, be protected through
standardized retrofit interventions that do not require major civil works.

The product opportunity is a catalog of retrofit protection solutions, including elevation frames
and skids, IP-rated protective enclosures, and sealed cabinet systems, designed to be compatible
with common equipment families used in water utility pump stations and treatment facilities.
These can be sold through utility supply chains and installed by utility maintenance teams without
major capital projects. The ROI case is strong: avoiding one extended outage typically justifies the
cost of protecting multiple stations.

The key risks include the diversity of equipment configurations across utility assets
(standardization is possible but requires upfront investment in application engineering), the
fragmented nature of the utility supply chain (which requires building distribution relationships),
and the conservative procurement culture of utilities (which values proven solutions over novel
ones).

5.7.5 Decentralized Treatment and Supply

The buyer problem is service continuity when central systems fail. A centralized treatment plant
that is inundated, isolated by road flooding, or disabled by a power outage can leave tens of
thousands of customers without water service for days or weeks. The communities most affected
are often those with the least capacity to cope, especially those without alternative water sources,
financial reserves, or the ability to relocate.
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A decentralized treatment and supply product addresses this by providing containerized or skid-
mounted treatment units that can maintain minimum water or wastewater service levels when the
main system is impaired. The startup opportunity is in standardizing these units for planned
resilience deployment, with units prepositioned at utility facilities before flood events occur, rather
than relying on emergency procurement after the fact. A service model that includes the unit,
deployment protocols, operator training, and ongoing maintenance creates recurring revenue and
deepens the relationship with the utility buyer.

The key risks include the capital intensity of the product (treatment equipment is not cheap), the
logistics complexity of deployment under flood conditions, and the need to integrate with utility
emergency response protocols. However, the combination of strong resilience value, a clear and
measurable buyer problem, and a service model that creates recurring revenue makes this one of
the most well-rounded P1 opportunities in the ontology.
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6. Conclusion and Recommendations

This project set out to answer a specific question: within the broad landscape of water
infrastructure and flood resilience, where should an early-stage climate investor begin? The
answer, developed through a systematic combination of literature review, solution mapping,
venture-capital filtering, and expert validation, is clear and actionable.

6.1 Summary of Findings

Flooding is the right hazard lens for this work. It is the most frequent, most widespread, and most
economically costly climate hazard globally, its trajectory is worsening under all credible climate
scenarios, and it creates a direct and measurable set of impacts on water-system assets and services
that defines a coherent solution space.

Water infrastructure is the right sector entry point. Flood impacts show up directly and measurably
in water-system assets, services, and operations. The sector has defined buyers (utilities,
municipalities, industrial operators), a growing investment need that far exceeds current capital
flows, a regulatory environment that creates compliance-driven demand for specific solution types,
and a significant gap between current operational practice and what technology makes possible.

The five-bucket ontology provides a structured and mutually exclusive map of the solution space
that can serve as an active framework for organizing deal flow and structuring diligence. The key
insight is that organizing by primary function, rather than by geography, technology layer, or asset
type, produces categories that are stable and distinctive enough to anchor an investment
framework.

The screening results show that the strongest early-stage venture opportunities are concentrated in
Buckets C and D. Service continuity solutions (Bucket C) and digital operational solutions (Bucket
D) together account for four of the five P1 solution categories. The common thread is that both
buckets offer clearer attribution, stronger buyer problems, and more productizable solutions than
physical infrastructure categories. Critical equipment protection in Bucket B is the exception: a
physical product with a sufficiently clear and standardizable buyer problem to merit P1 status
despite its location in the asset protection bucket.

6.2 Limitations and Boundary Conditions

This framework should be interpreted with several limitations in mind. First, the screening is
conducted at the solution-category level rather than the company level, which means that not every
company operating within a P1 category will necessarily be venture-fundable; product design,
team quality, go-to-market execution, and market timing remain decisive. Second, the framework
is primarily calibrated to the utility and infrastructure conditions most visible in the United States
and Europe, and venture-fit assessments may differ in emerging markets where procurement
systems, regulatory structures, and capital availability follow different patterns. Third, the analysis
did not include quantitative market sizing for each solution category, so revenue estimates and
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addressable market calculations remain a necessary next step before company-level diligence.
Finally, the screening judgments reflect analyst synthesis and expert validation at a particular
moment in a rapidly evolving market, and reassessment will be necessary as the digital water and
resilience landscape matures.

6.3 Recommendations for Azolla Ventures

Four specific recommendations follow from the analysis:

First, use Buckets C and D as the primary focus for near-term diligence. Within Bucket C, the
priority categories are wet-weather flow and overflow control and decentralized treatment and
supply. Within Bucket D, the priority categories are flood and network forecasting analytics and
operational control platforms. These four categories collectively define the highest-priority area
for initial company identification and assessment.

Second, include critical equipment protection in the initial scope. Although it sits in Bucket B
rather than C or D, it shares the key characteristics of the P1 solutions in the other buckets: clear
buyer problem, standardizable product, measurable ROI, and a startup model that does not require
bespoke delivery.

Third, apply selectivity within Bucket E. Risk intelligence platforms merit attention, but the key
question is whether a candidate company’s platform demonstrably changes capital allocation
decisions, not merely informs them. The same test applies to any other Bucket E opportunity: if
the tool’s value is primarily informational rather than action-orienting, the venture case is
significantly weaker.

Fourth, use the ontology and screening framework as a living tool. The five buckets and four
screening criteria can be applied systematically to evaluate incoming deal flow, compare
companies across the landscape, and track how the market develops over time. As climate risk
data improves, as utility procurement cycles evolve, and as the digital water market matures, the
priority assessments may shift, and the framework provides a structured basis for updating them.

6.4 Next Steps

The immediate next step is to move from landscape mapping to company-level analysis within the
priority categories identified here. This means identifying companies that are building products or
services within the P1 solution categories, applying the four screening criteria at the company level
to assess the strength of individual business models and competitive positions, and engaging with
utilities and other buyers to validate the demand assumptions that underpin the investment case.

The ontology developed in this project provides a starting point for that company-level work: the
five buckets and their categories define the set of questions to ask and the dimensions on which to
compare. The screening framework provides the lens through which to evaluate what you find.
Together, they constitute a practical investment framework for one of the most important and
underfunded corners of the climate adaptation landscape.
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Appendix: Screening Criteria Reference

The table below provides a reference summary of how the four screening criteria were applied to
produce priority tags across the ontology. Each criterion is assessed as Strong, Mixed, or Weak at
the solution-category level.

Solution Category Outcome Attribution Implementation Investability Tag
Materiality Proximity Plausibility

Wet-weather flow & Strong Strong Strong Strong P1
overflow control
Flood & network Strong Strong Strong Strong P1
forecasting analytics
Operational control Strong Strong Strong Strong P1
platforms
Critical equipment Strong Strong Strong Mixed P1
protection
Decentralized treatment &  Strong Strong Strong Mixed P1
supply
Risk intelligence platforms = Strong Mixed Strong Mixed P2
Field monitoring hardware  Strong Strong Strong Mixed P2
Data & integration Strong Mixed Strong Mixed P2
infrastructure
Pumping & active Strong Strong Mixed Mixed P2
dewatering
Flow control & backflow Strong Strong Strong Mixed P2
mgmt
Perimeter defenses Strong Mixed Mixed Mixed P2
Reconfigurable networks /  Strong Strong Mixed Mixed P2
bypass
Backup power & mobile Strong Mixed Mixed Mixed P2
response
Permeability & infiltration = Mixed Weak Mixed Weak P3
Distributed storage & Mixed Mixed Mixed Weak P3
detention
Conveyance & routing Mixed Weak Weak Weak P3
Building & internal Mixed Mixed Mixed Weak P3
protection
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Solution Category Outcome Attribution
Materiality Proximity
Containment & safe Mixed Mixed
access
Asset & capital planning Mixed Weak
Project structuring tools Mixed Weak
Resilience finance & Mixed Weak

insurance

Implementation Investability Tag
Plausibility

Weak Weak P3

Weak Weak P3

Weak Weak P3

Weak Weak P3
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